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ABSTRACT  

  

Golden eagle (Aquila chrysaetos canadensis Linnaeus 1758) populations are declining in 

some areas of their Nearctic range (Sauer et al. 2011). Golden eagles are protected by domestic 

laws in Canada, the US and Mexico (FWCA 1997, BGEPA 1940, MBTA 1918, Lacey Act 1900, 

DOF 2002) and by CITES since 1975 (Birdlife International 2012). Their conservation has been 

a priority for the Mexican government since 1994 (SEDESOL 1994), however, very little is 

known in Mexico about their ecology and population status; Mexican experts believe that a 

dramatic decline occurred over recent decades and that the remaining pairs have been restricted 

to remnant suitable habitat patches (SEMARNAP-INE 1999). This study investigated habitat 

characteristics of the areas occupied by golden eagles and developed strategies for habitat 

management and protection to improve golden eagle viability in Chihuahua State. 

I surveyed potential areas in Chihuahua, Mexico during 2009 and 2010. I located 30 

nesting territories and found similar composition of cover type, vegetation structure and prey 

indices between the territory cores and their buffer zones.  Distance to anthropogenic disturbance 

sources was similar between golden eagle sites and random areas (n=60). Grassland was the 

most common cover type, suggesting a disproportionate use of this cover type compared to its 

availability.  

I modeled the probability of occurrence of golden eagle across landscape at two different 

scales. I used the best logistic regression model at home range scale to develop a predictive map 

of golden eagle distribution in Chihuahua. At a home range scale, golden eagles’ occurrence was 

positively related to open areas and terrain ruggedness and negatively to human settlements. I 

compared the performance and output of logistic regression modeling with a Mahalanobis 

distance approach. 
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I analyzed the Mexican National Plan for Golden Eagle Recovery and proposed a 

conservation strategy oriented to protect golden eagle populations and their habitat in Chihuahua, 

Mexico. This strategy integrates ecologic knowledge developed in the first two chapters and 

incorporates social participation of all stakeholders. The strategy recognizes the potential 

limitations of conservation implementation programs in Mexico and explores the potential 

opportunities to protect golden eagles populations and their habitat.  
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GENERAL INTRODUCTION 

Golden eagles were part of ancient Mexican cultures long before the arrival of the 

Spanish on the American Continent. They were a symbol of awe and inspiration. In the Aztec 

culture, for example, eagles were the symbol of the sun and war. In the Aztec army, Eagle 

(Cuauthli) knights and Jaguar (Ocelotl) knights were the bravest and noblest among all the 

warriors, and the most feared as well. According to the Aztec legend, the Mexica tribe wandered 

around for a long time in search of a place to build their home. Eventually the signal their god 

Huitzilopochtli (left handed hummingbird) had told them came: an eagle perched in a prickly 

pear cactus in a small swampy island in Texcoco Lake, where they founded the capital of the 

Aztec Empire.  

Ancient Aztec codices depict a raptor as the signal found by Mexicas to build 

Tenochtitlan (Mendoza codex), and although later it was determined to be a Caracara (Caracara 

spp.), the golden eagle had already been adopted as the national symbol of Mexico. Today, the 

golden eagle is an identity symbol for Mexican society and it is represented in the Mexican Flag, 

the Coat of Arms and in coins. The golden eagle has profound magical-religious significance for 

some Mexican tribes. For example, their feathers are used in ceremonial rites by the Huicholes, a 

tribe from the southern portion of the Sierra Madre Occidental. 

However, despite their cultural importance for the Mexicans, golden eagles have been 

poorly studied in Mexico and many aspects of their biology and ecology have remained 

unexplored. Golden eagles have been a priority for conservation in Mexico since the early 

eighties. The Mexican government , through the Dirección General de Conservación Ecológica 

de los Recursos Naturales de la Secretaría de Desarrollo Urbano y Ecología (SEDUE), started a 

program called “El Águila Real (Aquila chrysaetos) Prospección de su Distribución y Hábitos” 
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which was oriented to determining the abundance and distribution of the golden eagle in 

Mexican territory.   

As a result of this program, by 1985 a total of 20 nesting areas had been located in central 

Mexico (SEMARNAP-INE 1999).  In 1994, the golden eagle was included in the first Mexican 

Endangered Species List under the category “risk of extinction” (SEDESOL 1994), because it 

was believed that their populations had severely declined throughout their range, yet no long 

term monitoring studies had been conducted to assess the status of their populations. However, 

inclusion of the golden eagle in the Endangered Species List allowed protecting the species from 

any take and made it a priority for conservation. Four years later, in a more serious effort to 

protect the species from further decline, a group of experts from the government, universities, 

wildlife refuges, zoos and nongovernmental organizations formed the Consultative Technical 

Subcommittee for the Protection, Conservation and Recovery of the Golden Eagle.  

In 1999, the first program oriented to promote the knowledge and protection of the 

species in Mexico was published. The overall objective of the program was to achieve the 

protection, conservation recovery and reintroduction of golden eagle in its historical range. The 

program had 5 main objectives: 1) Environmental education, to inform and educate the public 

about the ecological importance of the golden eagle and their status, 2) Management and 

conservation, to develop a golden eagle recovery plan and apply it, 3)  Rehabilitation and captive 

management, to ensure a golden eagle population genetically and demographically viable to 

contribute to the long term species conservation, 4) Research, to promote and encourage research 

to help the development of conservation strategies, and 5) inspection and vigilance, to apply 

localized law enforcement programs through PROFEPA (environmental law enforcement 
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department), integrating locals and volunteers and all stakeholders interested in protecting and 

conserving golden eagle populations.  

In 2002, the Mexican Endangered species list was updated, and the status of the golden 

eagle changed from “risk of extinction” to “endangered” (DOF 2002).  However, this change of 

status did not necessarily mean a recovery of their populations, but merely represented a 

fulfillment of the new criteria for categorizing a species and their status actually remained 

unknown. However, for practical purposes, specialists consider golden eagle as in risk of 

extinction.  Over almost three decades, very few studies have been conducted in Mexico on 

golden eagles, and most of the information produced by such studies is not available in the 

scientific literature and to wildlife managers. This situation is not exclusive of the golden eagle, 

however, which according to Rodriguez-Estrella (2006) is the second most studied raptor in 

Mexico, behind the Osprey (Pandion haliaetus). Both species account for 25 % of the raptor 

studies conducted in Mexico in recent years (from 1980 to 2006).   

The distribution of wildlife across the landscape depends on the spatial arrangement and 

temporal variation of their habitats (Arthur et al. 1996, Boyce and McDonald 1999). Animals 

select the most appropriate site to live based on their life requirements at three levels (Johnson 

1980) which are first, second and third order selection. Survival and reproductive success may be 

better in high-quality sites than in less suitable areas.  

Because the understanding of ecology of wildlife-habitat relationships is a key factor in 

conservation biology to develop and establish management strategies for special concern species, 

the way animals use the habitat and the process of habitat selection has been widely studied for 

different wildlife species (Cody 1981, Orians and Wittenberger 1991).  
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Birds of prey may be ecological indicators of habitat and environmental quality because 

their highest levels in the food web, their large area requirements, their susceptibility to 

pollutants, and their demographic traits that makes them vulnerable to human disturbances 

(Newton 1979, Sergio et al. 2008). In some ecosystems, birds of prey are associated with high 

biodiversity (Sergio et al. 2005), thus they can act as umbrella species and benefit other 

sympatric species that may have similar habitat requirements (Wilcox 1984). 

Because habitat requirements vary among species, some raptors such as the barn owl 

(Tyto alba), red-tailed hawk (Buteo jamaicensis) and northern harrier (Circus cyaneus) can be 

positively affected by some human activities like agricultural fields, that represent good hunting 

habitat; or management actions such as providing nest boxes and perches increase populations or 

lead to the return of species to some areas (Marti et al. 1979, Rodriguez-Estrella et al. 1998, 

Cade 2007). Nevertheless, other raptors can be negatively affected by human activities. For 

example, California condor (Gymnospermus californianus) decline was caused by lead from 

spent ammunition (Rideout et al. 2012, Walters et al. 2010), and habitat loss and fragmentation 

was the main cause of spotted owl (Strix occidentalis) decline (Gutierrez et al. 1995). The 

conversion of forested areas into agricultural, recreational and urban lands has reduced and 

fragmented the geographic range of many raptors (Wilcox 1984), including that of the golden 

eagle.  

Golden eagle populations have declined over the past decades in Mexico, due mainly to 

loss and fragmentation of critical habitat. Once distributed across 50% of the country, 

populations have now been restricted to small patches of suitable habitat (Rodriguez-Estrella 

2002). In addition, factors such as pesticides, trapping and hunting for ornamental purposes, 

illegal trade of eggs, chicks and adults, and accidental electrocution negatively impact golden 
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eagle populations in Mexico as throughout their range (Rodriguez-Estrella 1991, SEMARNAT-

INE 1999, Whitfield et al. 2004).  

The golden eagle is Mexico’s national bird and has been a priority species for 

conservation since its listing as an endangered species in 1994 (SEDESOL 1994).  In 1999 the 

Mexican government created the National Technical Consultative Committee for the Recovery 

of Priority Species from which the Technical Consultative Subcommittee for the Protection, 

Conservation and Recovery of Golden Eagle emerged.  One of the central objectives of the 

Subcommittee is to identify golden eagle habitats likely to be recovered and protected 

(SEMARNAT-INE 1999).  In spite of its social and ecological importance as a key species, few 

studies (11) have been conducted in Mexico over the last three decades and currently, 

information on population status, population dynamics and habitat relationships still remain 

unexplored (Rodriguez-Estrella 2006, SEMARNAT-INE 1999). 

The use of Geographic Information Systems (GIS) linked to habitat assessment models 

has become a useful tool in conservation biology. GIS-based habitat models are often used to 

map wildlife habitat potential (Hansen et al. 2001, Kliskey et al. 1999), to identify suitable places 

for species occurrence and/or reintroduction (Glenz et al. 2001, Lopez-Lopez et al. 2007, Schadt 

et al. 2002), to predict optimum habitat extent of a species (Gibson et al. 2004), to asses core 

areas on Natural Protected Areas (NPA) (Li et al. 1999) and to monitor temporal and spatial 

species fluctuations (Yanez and Floater 2000).  

By linking wildlife population data with habitat relationships it is possible to assess 

species’ habitat preferences, to identify the potential of an area to satisfy a species’ requirements, 

and to assess species’ potential spatial distribution at multiple scales (Li et al. 1999, Gibson et al. 

2004). Different statistical approaches can be used to link wildlife populations and habitat when 
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good data are available. Sometimes resources are not available to support broad and detailed 

studies necessary to develop a model. Nevertheless decisions are still made that affect wildlife 

and their habitat, it is thus necessary to have information to guide management. Moreover, the 

application of habitat assessment models for umbrella species can be particularly important in 

countries such as Mexico where the knowledge of biological and ecological processes of target 

species can be insufficient and where the limited demographic information on the species makes 

their monitoring and management difficult.  

The golden eagle is a cosmopolitan species whose geographic range comprises the 

Paleartic and the Neartic zones in the Northern Hemisphere (Kochert et al. 2002, Watson 1997). 

This species is adapted to a wide range of environments and tolerates a wide range of climates,  

ranging from extreme cold arctic latitudes to hot barren deserts (Watson 1997). In North 

America, golden eagles occur in Alaska, Canada, the United States to north and central Mexico 

(Figure 1). This broad environmental range includes tundra, grasslands, open coniferous forests, 

desert scrublands, farmlands and riparian areas (Kochert et al. 2002, Watson 1997). Golden 

eagles inhabit open and semi open habitats from near sea level to 3,630 m and avoid dense forest 

such as in the eastern U.S. (McGahan 1968, Poole and Bromley 1988, Watson 1997).  

In Canada and the United States, golden eagle breeding habitat encompasses mainly 

mountainous landscapes with rugged areas, including open forest, desert, grasslands as well as 

riparian areas. Golden eagles build their nests primarily on cliff ledges, but they may use caves, 

trees, power poles and other man-made structures when no cliffs are available (Kochert et al 

2002). Golden eagles construct their nests in proximity to foraging areas (Dixon 1937, McGahan 

1968, Spofford 1971, Johnsgard 1990). Golden eagles have been reported to build their nests in 

ponderosa pine (Pinus ponderosa), Douglas-fir (Pseudotsuga mensiezii), oaks (Quercus spp.), 
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foothill pine (P. sabianiana and P. coulteri), California bay laurel (Umbellularia californica), 

eucalyptus (Eucalyptus spp.), and western sycamore (Plantanus racemosa) in forested and 

riparian areas (Hunt et al.1999, MacLaren et al. 1988, McGahan 1968, Menkens and Anderson 

1983, Menkens and Anderson 1987). 

In the U.S., golden eagle nesting territories have been reported in a wide variety of cover 

types, including  low elevation open areas such as grassland-shrubland areas in Montana 

(Baglien 1975, McGahan 1968 ), grassland areas located near cliffs in Colorado (Olendorff 

1973), shrublands, grasslands, juniper (Juniperus spp.) forests, aspen (Populus spp.)-coniferous 

forests and piñon (Pinus spp.)-juniper forests in Utah (Bates and Moretti 1994). In Wyoming, 

Phillips et al. (1984) found golden eagles inhabiting grasslands, shrublands and riparian areas, 

but they were rarely found nesting in flat terrain, farmlands or in dense forests. In California,  

Hunt et al. (1999) reported golden eagles nesting in open grasslands and oaks (Quercus spp.), 

savannah, and also in oak forest and open shrublands, while in Arizona, Millsap (1981) found 

golden eagles inhabiting desert grasslands and chaparral areas.  

Each golden eagle territory has two to five nests as large as 2.5 m diameter which are 

used alternately through the years. Those individuals nesting in boreal regions migrate thousands 

of kilometers to less adverse weather during winter, while eagles from more southern latitudes 

are typically year-round residents (Kochert et al. 2002). Home ranges comprise 3 to 4 km
2
 of 

suitable habitat for nesting and large amounts (20 to 30 km
2
) of open areas for foraging, although 

much larger home range sizes have been reported (Dixon 1937, Smith and Murphy 1973, 

Kochert et al. 2002).  Foraging habitats include open habitat like grasslands, shrublands, open 

forest and rugged areas, while eagles avoid croplands, pasture lands, and burned areas (Hunt et 

al. 1999, Marzluff et al. 1997).  
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Considering the broad extent of habitat use and habitat requirements for this species, 

management and conservation strategies need to be developed at landscape levels rather than at 

smaller local scales.  Inventorying and monitoring of wildlife habitat is critical since it provides a 

benchmark for temporal and spatial comparison purposes and for monitoring landscape changes 

throughout the time.  Additionally, wildlife habitat monitoring is essential for the development of 

conservation strategies for special concern species.  

Despite the importance of golden eagle in Mexico, this species has been poorly studied 

and many questions need to be answered (Rodriguez-Estrella 2006). The study of golden eagle-

habitat relationships, their demography and limiting factors is a key factor for developing 

management plans in Mexico oriented to protect and recover the species.   The aim of the present 

study is to address the relationships of golden eagles with their habitat, and to contribute to 

building the basic knowledge required for the implementation of the Mexican national golden 

eagle conservation and recovery strategy through the species spatial distribution assessment. The 

information generated through the integration of habitat evaluation models with GIS will allow 

us best to manage, design, and implement a management and monitoring protocol for the golden 

eagle. Through the monitoring of golden eagle habitat it will be possible to assess current and 

future golden eagle population status and trends across the study areas.  

Because foraging habitat is a critical factor determining the spatial distribution of species, 

another practical use of this work is the promotion of habitat management practices geared 

towards improving golden eagle prey density and prey detectability within the home range areas. 

The goals of the conservation strategy imply to make anthropogenic activities compatible with 

golden eagle conservation practices, to identify the best areas susceptible to be recovered, and to 
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design protected areas for golden eagle conservation and reintroduction.  The ultimate goal of 

this project is to contribute to the long term survival of the species. 
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Figure 1. Golden eagle’s range in North America (Kochert et al. 2002, modified by De Long 

2004). 
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CHAPTER I: LANDSCAPE HABITAT CHARACTERISTICS IN GOLDEN EAGLE 

NESTING TERRITORIES IN CHIHUAHUA, MEXICO 

 

ABSTRACT 

Habitat loss and fragmentation are thought to be the main factors driving the decline of 

golden eagle (Aquila chrysaetos canadensis) populations in Mexico. Recent accelerated land use 

change has restricted golden eagles to remnant suitable habitat patches. No systematic surveys on 

golden eagle habitat have been done. Thus, I investigated the characteristics of golden eagle 

territories (cover type composition, vegetation structure and topographic characteristics), the 

abundance of its main prey and the relations to human disturbance sources in the state of 

Chihuahua, Mexico. During summer 2009 and spring-summer 2010, I located 30 golden eagle 

territories in Chihuahua state and measured landscape characteristics at two different spatial 

scales: 1) within a 3000 m radius circular area surrounding the mean location of all nests, and 2) 

within a zone of 3000 m to 8000 m surrounding the core area. I sampled rabbit (Sylvilagus spp) 

and hare (Lepus spp) pellet groups in the dominant vegetative cover types. I measured the area of 

each land use/land cover type within these territories and 60 random areas, based on the land 

use/cover map from Instituto Nacional de Estadística y Geografía (INEGI) including grasslands, 

desert scrubland, oak forest and coniferous forest. Grassland (n=30, x = 59%, 95% CL = 48 - 69) 

and desert scrubland (n=30, x = 24%, 95% CL = 13 - 34) were the most dominant land-cover 

types in territory cores in terms of frequency and area. Cover type composition was similar 

between territory cores and buffer areas (t=1.09, P=0.28) but varied across individual territory 

cores. The food index varied among cover types, being larger in grassland than in the other cover 

types and significantly different between territory cores and buffer areas (paired t=2.51, 

P=0.0177). These results represent a starting point for monitoring responses of golden eagles 

territories’ future spatiotemporal changes and should be used to draw strategies oriented to the 

long term conservation of the species.  

 

Key words: Anthropogenic disturbances, Aquila chrysaetos canadensis, Chihuahua, golden 

eagle, habitat characteristics, Mexico, nesting habitat, prey index, vegetation structure 
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INTRODUCTION 

The golden eagle (Aquila chrysaetos canadensis) occurs in the northwestern part of the 

American Continent from Alaska, Canada, the United States to the north west and central 

portions of Mexico, in environments ranging from arctic tundra to hot desert scrubland, 

including temperate coniferous and oak forests (Howell and Webb 1995, SEMARNAT-INE 

1999, Kochert et al. 2002).  Golden eagles have been a priority species for conservation in 

Mexico since their listing as a threatened species on the Mexican Endangered Species List in 

1994 (SEDESOL 1994). The North American Breeding Bird Survey data demonstrate a decline 

of golden eagle populations in the Chihuahua Desert Ecoregion and in the Mexican Highlands 

(Sauer et al. 2011). Mexican experts believe that golden eagle populations have suffered a 

dramatic decline over the last several decades, mainly due to loss of critical habitat due to human 

activities like grassland conversion to croplands, and that the remaining golden eagle pairs have 

been restricted to remnant suitable habitat patches (SEMARNAT-INE 1999). However, prior this 

study, no systematic studies have been conducted to assess their population status, population 

trends and/or the characteristics of their habitat (Rodriguez-Estrella 2006). Therefore, the lack of 

knowledge about golden eagles’ geographic distribution and their habitat preference challenges 

the development of management strategies oriented to the long term conservation of the species.  

The distribution of golden eagles across the landscape is influenced by different 

characteristics that include cover type, vegetation structure, terrain topography, and climatic 

factors (Kochert et al. 2002). Across the United States, golden eagle territories have been found 

mainly in open and semi-open habitats with native vegetation such as grasslands, desert 

scrublands, woodland-brushland, chaparral, coniferous forests, oak savannah, and riparian areas.  

Although they may use heavily forested areas, golden eagles are not often found in those habitats 
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or in landscapes highly modified by humans such as farmlands and urban areas (Olendorff 1973, 

Millsap 1981, Fischer et al. 1984, Phillips et al. 1984, Craig et al. 1986, Marzluff et al. 1997, 

Hunt et al. 1999). Golden eagles typically establish their nesting sites in close proximity to 

suitable foraging habitat (Watson 1997). They hunt in open and semi-open areas throughout their 

range and seem to avoid foraging in highly disturbed areas like agriculture lands and burned 

areas (Marzluff et al. 1997).  

Habitat characteristics of eagle territories are not constant across landscapes, but may 

change from site to site because of different factors including altitude, latitude, cover type, and 

exposure. These environmental differences influence the distribution of prey species, and may 

influence their availability and the hunting success by their predators (Bechard 1982). Ideally, 

suitable foraging sites should have a perfect combination of prey abundance and prey 

detectability. Vegetation structure related to cover type provides potential prey such as small 

mammals and birds with shelter, concealment and escape cover, as well as and food and 

breeding cover. Cover type may therefore be indicative of the amount of potential prey habitat 

and prey availability (Rogers and Myers 1979, Janes 1984, Ferrer and Donazar 1996, Knick and 

Dyer 1997, Marzluff et al. 1997, Carter and Jones 1999, Fa et al. 1999, Kochert et al. 1999, 

Palomares 2001, Calvete et al. 2004).   

Golden eagles establish nesting territories in open spaces that may favor detection of prey 

and potentially enhance hunting success (Carrete et al. 2000). Because vegetation structure may 

determine prey availability and hunting success, surveying and monitoring of the vegetation 

structure across cover types within golden eagle territories may help us understand the 

interrelationships with the prey species and other predators (Bechard 1982, Marzluff et al. 1997).  
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Across their range, golden eagles nest commonly in mountainous terrain or hilly areas 

with rugged topography (Olendorff 1973, Marzluff et al 1997, Poole and Bromley 1988, Brodeur 

and Morneau 1999, McIntyre et al. 2006). Sites with topographic characteristics including the 

presence of rocky outcrops and hills with suitable platforms and crevices for nesting, and steep 

slopes and certain exposures may be selected by golden eagles to enhance their nesting success. 

Terrain ruggedness appears to be important in habitat selection by golden eagles (McIntyre et al. 

2006), especially in those open areas where suitable tree cover for nesting is limited or non-

existent.  

Habitat loss and fragmentation are among the main threats faced by several grassland 

bird species. Large raptors such as golden eagles are especially vulnerable to land use change 

because of their large area requirements, their low population numbers and their sensitivity to 

humans. Currently, many grassland birds are facing reductions of their populations (Winter and 

Faaborg 1999, Helzer and Jelinski 1999, Winter et al. 2000, Herkert et al. 2003) due to land use 

change that includes encroachment of woody vegetation (Davis 2004), overgrazing and 

conversion of grasslands to agriculture fields (Peterjohn and Sauer 1999, Vickery et al. 1999, 

Chamberlain and Fuller 2000, Codesido et al. 2012).  

Grasslands are one of the more threatened biomes in the world because of the land use 

changes that convert them into agricultural uses. This is especially true in the grasslands of 

northern Mexico that provide breeding grounds for many grassland species of conservation 

concern like pronghorn (Antilocapra americana), the aplomado falcon (Falco femoralis) and the 

golden eagle. In recent decades, Chihuahuan grasslands have undergone severe reduction 

because of the expansion of the agriculture frontier (Macias-Duarte et al. 2007, Macias-Duarte et 

al. 2009), intensive livestock grazing and invasive shrub encroachment. Conversion of grasslands 
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into rain-fed farmland by common land owners (ejidatarios) and the most recent conversion of 

large portions of grassland and scrubland into intensive irrigated farmlands by the Mennonite 

community jeopardizes the long term survival of several species, including that of the golden 

eagle. The intensively irrigated lands soon deplete the groundwater sources and the fields are left 

behind, subject to wind and rain erosion (Nordstrom and Hotta 2004, Kawada et al. 2011) and 

colonization by invasive plants (Millennium Ecosystem Assessment 2005).  that gradually 

degrades and transforms grasslands into xeric, arid lands (Kawada et al. 2011). These changes in 

vegetation structure driven by land use change may negatively impact the fitness of grassland 

species like the golden eagle by affecting prey availability. 

In addition to habitat loss from land use change, other forms of human activity negatively 

affect golden eagles in both direct and indirect ways. Electrocution appears to be the leading 

cause of mortality for golden eagles, causing up to 25% of deaths, however, accidental trauma 

like collisions with power lines, vehicles and other man-made structures are responsible for up to 

an additional 27 % of golden eagle mortality (Franson et al. 1995). Other mortality factors 

associated with humans include shooting and poisoning by pesticides and ingestion of lead 

(Franson et al. 1995). Trapping may have also a significant impact on golden eagle mortality 

rates, and in Chihuahua, I documented the accidental drowning of adult and juvenile golden 

eagles in water tanks commonly found in rangelands.  

No studies of golden eagle habitat selection in Mexican territory had been conducted 

before the present study and therefore, conservation efforts lack baseline data regarding habitat 

use. Because habitat is not constant, but rather changes across space and time, and changes in 

habitat may have a profound effect on the target species and its prey, measuring and quantifying 

suitable habitat for golden eagles is a starting point for conservation purposes. The goal of the 
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present study is to provide quantitative descriptions of landscape characteristics immediately 

surrounding nest sites of Golden Eagles in the Mexican state of Chihuahua and to assess habitat 

selection by golden eagles. The study of habitat use by golden eagles and its subsequent 

monitoring will allow the correct assessment of their potential geographic distribution patterns 

and their biological requirements. However, in addition to having a deeper understanding of their 

relationships with the habitat, habitat studies also will allow prediction of the effects of current 

and future habitat change on the species, and to draw and justify the protection of key areas, all 

oriented to the long term management conservation oriented strategies.  

STUDY AREA  

I conducted this investigation on golden eagles in the Mexican state of Chihuahua. 

Chihuahua is located in Northwestern Mexico, between 31°47’ and 38°25’ N and 103°18’ and 

109°07’ W. With a total area of 247,455 km² (95,543 mi
2
), Chihuahua is the largest of all the 

Mexican states. It is bordered by the states of Sonora to the west, Sinaloa to the southwest, 

Durango to the south and Coahuila to the east. It also shares border with the US, adjacent to the 

states of New Mexico and Texas. Elevations in the state range from -59 to 3287 m. The state of 

Chihuahua has three main physiographic zones: the mountains in the west, the grasslands in the 

center of the state, and the desert scrubland in the northwest (Figure 1.1). The topography in the 

mountainous area is very rugged; the vegetation is mainly composed of coniferous forests (Pinus 

spp., Abies spp.) in the highlands and subtropical vegetation in the deep canyons.  

The grasslands comprise large grass prairies and oak-grassland savannahs, with small to 

medium elevated hills and high valleys in the central part of the state (Figure 1.1).  Natural 

(native) grassland dominates this cover type and includes annual and perennial grasses such as: 

Aristida, Bouteloua, Bothriochloa, Digitaria, Enneapogon, Eragrostis, Heteropogon, Hilaria, 
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Leptochloa, Lycurus, Muhlenbergia, Panicum and Trachypogon. Invasive shrubs include 

Prosopis spp., Mimosa spp. and Rhus spp. Halophytic grasslands are composed of perennial 

grasses evenly distributed and adapted to saline/alkaline soils occurring mostly in flat areas and 

watersheds. Dominant genera include: Sporobolus, Dasyochloa, Hilaria, Distichlis, Eragrostis, 

Muhlenbergia, Panicum, Scleropogon and Sporobolus. Shrubs include Atriplex, Condalia, 

Flourensia, Gutierrezia, Koeberlinia, Larrea and Salsola (Granados-Sanchez 2011). 

The desert portion comprises arid and semiarid lands surrounded by low and sparsely 

vegetated peaks. Mycrophyllus scrubland (MS) is dominant and is composed of small-leaved 

shrubs < 2 m tall and herbs mixed with shrubby thorn species, cactus and grasses, creating 

heterogeneous landscapes. As a result of the desertification process, the distinction between 

grassland and desert scrub is not always clear. Common genera include Acacia, Aloysia, 

Ambrosia, Atriplex, Celtis, Cercidium, Chilopsis, Condalia, Dasylirion, Ferocactus, Florensia, 

Fouquieria, Hymenoclea, Jatropha, Koeberlinia, Larrea, Olneya, Opuntia, Prosopis, 

Parthenium, Yucca, and grasses: Bouteloua, Hilaria, Digitaria, Leptochloa, Lycurus, 

Parthenium, Rhus and Setaria. Rosetophyllus scrubland (RS) is dominated by plants with 

rosette-like and sword-shaped leaves plants like lechuguilla (Agave lecheguilla), sotol 

(Dasylirion spp.) and Yucca spp. Other genera include Acacia, Berberis, Celtis, Ephedra, 

Euphorbia, Fouquieria, Jatropha, and various grass species (Granados-Sanchez 2011). 

Oak forest typically occurs from the grassland-oak forest transition zone in the medium 

elevation parts of mountains, to the oak and oak-pine forest in the highlands. It has two 

vegetation layers: grasses of 50 to 75 cm height and short tree species in the higher layer. The 

lower stratum is dominated by Aristida, Bouteloua, Bromus, Elyonurus, Eragrostis, 

Heteropogon, Lycurus, Muhlenbergia, Panicum and Setaria (Granados-Sanchez 2011). Trees in 
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these cover types are rather scattered, creating open and semi-open landscapes, suitable for 

golden eagles; the dominant tree species are Cupressus arizonica, Juniperus spp.,  Pinus 

cembroides, P. engelmannii, Quercus arizonica, Q.chihuahuensis, Q. emoryi, Q. grisea and Q. 

hypoleucoides (Granados-Sanchez 2011). 

Golden eagle nesting areas are mainly found scattered across the grasslands and desert 

region areas. Their precise locations are kept confidential to prevent any disturbance or take by 

humans. 

METHODS 

Golden Eagle Surveys  

Protección de la Fauna Mexicana A. C., a Mexican non-governmental organization 

(hereafter PROFAUNA) compiled a golden eagle sightings database that included 26 records of 

flying/soaring birds, 12 records of perching birds, six records of nesting sites, and one record of a 

dead golden eagle, all of them with approximate location. The database also included 30 other 

additional records without any coordinates: 17 reports of nesting areas, 10 reports of flying birds, 

two reports of perching birds and one report of a dead bird.   

The majority of the reports were in the desert scrubland and grasslands areas, but there 

were also a few reports of flying birds in the coniferous areas deep inside in the mountains of the 

Sierra Madre Occidental. I planned surveying the three areas with equal effort; however, the 

increasingly hazardous conditions in the mountainous area associated with drug production and 

trade forced me to concentrate the surveying efforts in the desert scrub and grasslands areas 

(Chihuahuan Desert Ecoregion) given their relatively safer conditions. I gave priority to the six 

reports of nesting sites that had estimated geographic references, as well as those of golden 

eagles using the habitat (e.g. foraging or perching). I surveyed during June-July 2009 and from 
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mid-January through June 2010, covering all the breeding season in 2010.  I used binoculars and 

spotting scopes to locate golden eagles in potential habitat. Most of the surveys were done by 

foot because of the lack of roads close to potential areas. I monitored all the nests located during 

breeding season to assess breeding status. I did not confirm golden eagle activity in one territory 

in Chihuahua and one in Durango, however, I considered these as territories because there were 

reliable sighting reports of nesting pairs in previous years and I located some nests in those areas. 

For the purpose of this study, I am presenting only the Chihuahua territories. 

Calculating Home Range Core Areas  

Prior studies have used golden eagle nest sites to delineate home range core areas 

(McLeod et al. 2002, McIntyre et al. 2006). The method relies on having precise locations for all 

the nests recently used by golden eagles within each single golden eagle territory to delineate the 

boundaries of the polygon representing the home range core area. In this study, however, 

because of the lack of previous data on golden eagle nest locations in Chihuahua, and because 

my efforts were concentrated on finding as many territories as possible during the short breeding 

season, in some cases it was not possible to locate all nesting sites of a particular golden eagle 

pair that would allow us to demarcate their home ranges true size and shape. Instead, I used a 

circle of 3 km radius (28.27 km
2
) to represent nesting territory cores, considering that the 

average home range size reported in other areas is between  20 - 40km
2 

(Kochert et al. 2002). In 

those cases where only one nest site was located, I used that location as the center of the territory 

core area. I used the mean location of all known nests inside a territory as the center (Kochert et 

al. 1999, McLeod et al. 2002) where more than one nest was located. I calculated the center of 

each core area by calculating the harmonic mean of the nests’ latitudes and longitudes 

corresponding to each golden eagle territory with the formula:    
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     Where:  n = sample size  and    xi = each individual lat/long coordinate 

I set a circular buffer area of 3000 m radius from the calculated mean location of all the 

nests located at each golden eagle nesting site to represent the golden eagle territory core area 

(28.27 km
2
), and another zone from 3000 to 8000 m (172.79 km

2
) beyond the edge of the core 

area to represent the core buffer area (Figure 1.2). The total area of the core and surrounding 

areas is 200 km
2
 to represent larger home ranges that can be up to 300 km

2
 on average (Marzluff 

et al. 1997). I generated 60 random points scattered across the state of Chihuahua and drew 

similar areas for each of the random points. 

Landscape Characteristics: Cover Type and Topography 

At each golden eagle territory and random plot, I quantitatively described landscape 

characteristics that may have an influence on the occurrence of golden eagles within a particular 

area. I measured habitat characteristics like cover type composition, altitude, slope, and distance 

to man-made features that may potentially affect golden eagle distribution (Table 1.1).  

I used ARCMAP 10.0 software (Environmental Systems Research Institute [ESRI]) to 

extract all spatial data at golden eagle locations and to process all operations described below. 

All data were processed using a custom Lambert Conical Conformal projection (See Appendix 

A). I used a Geographic Information System (GIS) to extract landscape variables thought to 

influence golden eagle habitat use, including cover type, topography and human related 

disturbances. I used the Land Use/Land Cover map Series IV from INEGI (scale 1:250,000), 

which was derived from SPOT images from 2007 to 2010, to extract the area of cover type (ha) 

and proportions for all golden eagle territory cores and their corresponding surrounding areas. 

The same information was derived for the 60 random points in order to compare random 
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landscape characteristics to those used by golden eagles. I reclassified INEGI cover types into 

broad categories meaningful to the purpose of this study and were: grassland, scrubland, mixed 

conifer forest, oak forest, farmland, riparian, and human settlements.  

The human related structures of roads and electric lines were derived from INEGI vector 

datasets (scale 1:50,000). I calculated amount of each of these anthropogenic structures within 

each golden eagle territory and the distances from each golden eagle core area centroid to the 

anthropogenic origin structures.  

I also used a 30 m resolution Digital Elevation Model (DEM) of Chihuahua state from 

INEGI to obtain elevation, slope and a terrain ruggedness index (TRI). I calculated the amount of 

surface area (SA) and flat area (FA) for each golden eagle territory core and random plot by 

using the effective surface tool in ARCMAP 10.0 (3D Analysis); I used these measurements to 

calculate TRI. The surface area is the measurement of the topographic surface area within each 

raster cell, whereas the TRI is the ratio between surface area and planar area.  Higher TRI values 

indicate a larger difference between surface area and planar area and represent greater terrain 

ruggedness. Terrain Ruggedness Indexes values can potentially range from one to infinity, but 

rarely exceed three. 

Vegetation Structure and Lagomorph Pellets Group Index 

I conducted surveys of vegetation structure and rabbit/hare pellet groups abundance in the 

different cover types available to golden eagles to develop an index of prey abundance. Sampling 

was stratified by cover type within the 8 km circle surrounding each nesting territory (Figure 

1.2).  

I measured vegetation structure and ground cover by using 50 m point intercept transects, 

and recording ground cover every 2 meters, making a total of 25 points per transect. I recorded 
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the frequency of bare soil or rock (BS), grass or herb (GH), leaf litter (LL), woody debris (WD), 

shrubs <1 m (SH1), shrubs 1-3 m (SH3), and trees (TR).  Additionally, I used the point-centered 

quarter method to estimate tree density in the forested areas (Pollard 1971, Krebs 1999) to 

estimate tree density.  I measured the distance to the nearest tree (> 10 cm DBH) in each quarter 

of the starting and end point of the transect used to measure ground cover, noted the species, and 

measured its DBH and height. Tree density was then calculated as:      
       

 ∑    
  

 (Pollard 

1971), where n is the number of plots sampled,  and rij is the distance to the ith tree in the jth 

plot. Data from plots in each cover type were pooled, and an average tree density was estimated 

for each cover type.  

 I conducted these habitat surveys during September to December 2009 and during the 

breeding season 2010 (between January and June 2010) in the buffer areas around nest sites. I 

sampled 275 transects in the buffer areas and 186 transects in the golden eagle territory cores. 

Additionally, I surveyed another 109 random locations, including coniferous forest, to evaluate 

differences in vegetation structure and lagomorph pellet group counts between random sites and 

those used by golden eagles.  

I used stratified random sampling whenever possible, trying to sample all cover type 

patches inside the territory cores and outer areas. However, very often, access to areas with 

alleged golden eagle occurrence was unsafe for the field crew given the increasingly dangerous 

conditions in Chihuahua associated with the drug trade, therefore, I constrained sampling to 

accessible and safe places.  

I calculated indices of abundance of both rabbits (Sylvilagus spp.) and hares (Lepus spp.), 

which are the staple prey for golden eagles in the area (see Appendix B) by counting all rabbit 

and hare pellet groups within a 50 m  x 2 m quadrat centered on the point intercept transects. 
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Others have documented the use of pellet counts to index rabbit and/or hare abundances 

(Langbein et al. 1999, Palomares 2001, Calvete et al. 2004). To be counted, a pellet group had to 

be more than two pellets clustered together and complete and relatively fresh. Because the 

smaller sizes of leveret pellets made difficult to distinguish them from rabbits’ drops, and 

because different people were involved in counting pellets, I combined hare and rabbit pellets 

into a single category. 

Human Disturbances 

For each golden eagle territory and random area, I measured the distance (m) from the 

center of the plot to nearest entity in each of the human structures (Table 1.1) that may have a 

negative impact for golden eagles, using the ‘Near’ Analysis Tool  in ARCMAP 10.0. I classified 

towns according to their size into: 1) small if area was < 100 ha, 2) medium if the area was 

between 100 and 1,000 ha and 3) big if the area was > 1,000 ha.  

DATA ANALYSIS 

I averaged the number of pellet group counts in each cover type.  Then, I used these 

average count to develop an index of rabbit and hare pellet group abundance weighted by percent 

of cover type areas within each golden eagle site.  

I used paired t-tests to evaluate the hypothesis of no difference in each habitat 

characteristic including cover type, topography (elevation, slope, surface and flat area and TRI) 

and human disturbance sources (roads, electric lines, human settlements) between the nesting 

core areas (3 km radius) and surrounding buffers (3-8 km). I used t-tests to evaluate differences 

between nest sites and random points. I did all analysis in SAS 9.2 statistical software (SAS 

Institute).  
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RESULTS 

I located and monitored 32 golden eagle territories in the states of Chihuahua (n=30) and 

Durango (n=2). Most of the territories (n=30) were active during the survey and monitoring 

period and 33% (n=10) of the pairs were breeding. For the purpose of this study, I am presenting 

only the Chihuahua territories. 

 

Cover Type.- More than one third of Chihuahua surface is arid and semiarid land, less than one 

fourth is grassland (24%) and about 15% is coniferous forest (Table 1.2).  Composition of cover 

types in random cores and random buffers was proportional to availability (P>0.05), while 

composition in golden eagle cores and buffer areas varied from that of Chihuahua state. 

Eighteen out of 65 different land use/land cover type occurring in the state of Chihuahua 

were present within the 30 golden eagle territory cores. The number of cover types per territory 

ranged from 2 to 5, ( x = 3.2 ± 0.97). Grassland and desert scrubland were the most dominant 

land cover types in terms of frequency and area percentage (Table 1.3).  

Grassland occurred in 100% of the territory cores and represented the majority of the 

total territory core area (58.94%). Natural grassland was the most common subtype, occurring in 

27 of 30 golden eagle territories (90%) and accounted for 49.89% of the total core area. 

Grasslands composed > 50% of the area in 17 territory cores. Halophytic grassland was present 

in eight sites (26.67%) but made up less than 2% of the total area (Table 1.3).  

Desert scrubland was the second most frequent cover type, occurring in 73.33% of the 

golden eagle territories and accounting for 23.72% of the total area (Table 1.3). Desert scrubland 

made up > 50% in seven territory cores. Microphyllus scrubland (MS) occurred in 70% of the 

sites (n=21) and was 20.02% of the total area while rosetophyllus scrubland (RS) occurred in 

only 2 territories and contributed to 2.71% of the area.  
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Oak forest occurred in 43.33% of the territory cores (n=13) and contributed to 14.39% to 

the total area on average (Table 1.3). Oak forest made up > 50% cover in four territory cores. 

The least common cover types were riparian and low-intensity urban, each one present in 

only one site and accounted for 0.07% and 0.10%, of the total area, respectively (Table 1.3) 

Riparian vegetation availability is low in Chihuahua State, especially in the Chihuahuan Desert 

Ecoregion. Only one golden eagle territory was found in the proximity of a large water body 

with riparian vegetation.   

The composition of the 60 random areas (including both cores and buffer areas) was 

similar to the composition of cover type availability in the state of Chihuahua (Table 1.2) 

indicating that the random samples reflected the landscape overall. The composition of the 30 

golden eagle sites (including both random and buffer areas) was not proportional to the 

availability of cover types.  Grassland was almost 60% of the area in the golden eagle sites while 

it was less than 25% in the random areas (t = 5.39, P<0.0001), similar to the availability of 

grasslands in the whole state. Similarly, the amount of desert scrubland was about 19% larger in 

the random cores than in the golden eagle territory cores (t = -2.29, P<0.025). Grassland varied 

significantly (t = 5.39, P<0.0001, d.f.=89) between the golden eagle core areas (n=30) and the 

random core areas. Scrubland and coniferous forest were also significantly different between 

golden eagle cores and random cores (t = -2.29, P<0.05 and t = -2.26, P<0.05, respectively), 

while the other cover types did not vary (Table 1.4). 

Grassland occurred in 100% of both the golden eagle cores and their buffer zones and 

made up the majority of the surface in both cores and buffer areas (Table 1.3). A paired t-test 

found significant differences in the cover type composition between the cores and their 

corresponding buffer zones in both the golden eagle territories and the random sites (Table 1. 5). 
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Percent of grassland and percent of scrubland were different (GE t = 2.51, P<0.05; t = -2.75, 

P<0.05 respectively) between core areas and the buffer zone in the golden eagle territories (Table 

1.6). 

The structure of the vegetation was similar between the territory cores and their buffer 

areas: there were no differences (P>0.05)  in bare soil (BS), leaf litter (LL), woody debris (WD), 

shrubs 0-1 m (SH1), shrubs 1-3 m (SH3), trees (TR) and tree density (TRDEN) between the 

territory core areas and their buffers. However, there were significant differences among cover 

types in BS (t=8.54, P=0.0034), LL (t=8.72, P=0.0032), WD (t=3.83, P=0.0314), GH (t=11.56, 

P=0.0014), in the cores, while in the buffer areas, differences were in BS (t=5.05, P=0.0150) and 

GH (t=5.36, P=0.0127) (Table 1.6). 

 

Topography.- The Terrain Ruggedness Index of the 28.27 km
2
 golden eagle territory cores 

varied from 1.00 to 1.10 ( x =1.039±0.02) and from 1.00 to 1.13 ( x =1.025±0.035) in the random 

areas; there was a significant difference between the flat area and the surface area across the 30 

golden eagle territories (t=8.28, df=29, P<0.0001) and across the 60 random territories (t=5.48, 

df=59, P<0.0001). In the golden eagle territory cores, the difference between surface and flat 

area in the site with the smallest TRI is 1.58 ha, while this difference in the site with the largest 

TRI is 271.57 ha. There were significant differences between golden eagle core areas and 

random territories in the variables elevation (P<0.01), maximum elevation (P<0.05), average 

elevation (P<0.05), slope (P<0.01), maximum slope (P<0.0001), average slope (P<0.01), ratio 

rugged/flat area (P<0.05), and average TRI (P<0.01) (Table 1.7).   

There were significant differences (t= -2.79, P<0.0065) between the elevation of the 

center of random cores ( x =1555.80 ± 51.96) and elevation of the center of golden eagle territory 
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cores ( ̅ = 1733.17 ± 36.64). In a similar way, the difference between slope at the center of the 

random areas ( x =13.85 ± 2.41) and the center of the golden eagle core areas ( ̅ = 26.08 ± 2.18) 

was significant (t= -3.76, P<0.0003) (Table 1.7).   

Human Disturbances.- There were no significant differences between territories and random 

sites in distance to paved roads and distance to dirt roads; however, there were differences in 

distance to dirt tracks (GE territories = 2651, random = 1858, t=2.18, P<0.05) and distance to 

paths (GE territories = 1751, random = 1038, t=2.31, P<0.05). Although there were no 

differences in the distances to cities, medium towns and small towns, there were differences in 

the distance from territory centers to any human settlement (GE territories = 3667, random = 

2812, t=2.15, P<0.05) (Table 1.8). 

Prey Index.- The number of pellet groups per transect varied among cover types, being larger in 

the desert scrubland (n = 182, x =20.11), followed by grassland (n = 233, x =16.57), oak forest 

(n = 60, x =15.517), farmland (n = 3, x =8.66) and coniferous forest (n = 12, x =1.083). This 

prey index was dependent on cover type in both the core areas (d.f.= 4 F=6.11, P<0.0001) and 

the surrounding areas (d.f.= 4 F=11.91, P<0.0001).  

Food index is prey index weighted by the area percentage covered by each cover type. 

Food index was similar between golden eagle territory cores and the buffer zones in farmland 

(paired t=-0.66, P=0.5569), oak forest (paired t=19.3, P=0.7770), and desert scrubland (paired 

t=-2.03, P=0.550), but there was a significant difference in grassland (paired t=2.51, P=0.0177) 

(Table 1.9, Figure 1.3). 

Food index was different between territory cores and their buffer zones across the 30 

golden eagle territories (paired t=3.33, P=0.0024).  
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DISCUSSION 

 Grassland was the most common cover type in the golden eagle territories in Chihuahua, 

occurring in 100% of them, and was the most dominant in terms of percentage. Scrubland was 

the second most dominant cover type in the territories. These cover types are open areas with 

herbaceous and shrub cover that lack a tree layer that could be used by golden eagles for building 

nests. Although mesquite trees are present in some scrubland areas, and oaks in the oak-

grassland savannah that was present in 13 nesting territories, these trees may not be suitable for 

golden eagle nesting given their relatively small size.  

The relatively lower surveying effort made in the coniferous forests of the Sierra Madre 

Occidental, plus the lower detectability in closed, forested areas might have influenced the 

detection of golden eagles in the area, however, we were unable to locate golden eagle nests or 

individuals in some areas with allegedly confirmed sightings of nesting birds and in areas 

adjacent to Babícora lagoon, a well-known golden eagle winter foraging ground. Some of the 

surveyed areas were in proximity to relatively large open areas and had,  in my opinion, trees 

large enough to support nests, yet no golden eagles were detected in these areas.   

All the golden eagle nesting territories were located in areas with steep slopes and very 

rugged terrain. Steep slopes and terrain ruggedness are associated with cliffs and ravines, which 

may have suitable structures for nesting like overhangs, platforms and caves. Golden eagles use 

trees and man-made structures to build their nests; however, they most commonly nest on cliffs 

that provide suitable platforms or crevices (Kochert et al. 2002). Therefore, the presence of cliffs 

and rocky outcrops is perhaps the most important landscape characteristic for golden eagles to 

establish breeding areas in the area studied in Chihuahua.  
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Terrain ruggedness may be important for golden eagles not only because of the rocky 

structures that provide suitable places for nesting, but also because topography influences the 

cover type and the structure of the vegetation that provides shelter, food and concealment cover 

for prey species, and may indeed affect prey distribution, density, availability and detectability 

(Calvete et al. 2004, Fa et al. 1999, Watson 1997). Having an accurate estimation of the cover 

type area will allow a better understanding of the interrelationships of the species with the habitat 

and their prey.  

Two problems that limited the accuracy of the present study were 1) using a relatively 

coarse resolution Digital Elevation Model (from a topo map, scale: 1:50,000, 30 m resolution) to 

derive topographic relief and 2) the lack of information on golden eagle home ranges areas and 

shapes in Chihuahua. In a coarse resolution DEM topographic relief may be inaccurately 

represented because a considerable amount of detail can be lost as compared with finer 

resolution DEMs. This was particularly evident in one of the golden eagle sites where the only 

rock structure available for nesting within an area of more than 200 km
2
 is about 7 m tall, 100 m 

length and 15 m wide, and the area was represented as flat in a 30 m resolution DEM. 

Several authors have pointed out the importance of suitable foraging areas in proximity to 

golden eagle nesting territories (Marzluff et al. 1997, Carrete et al. 2000). In this study, Food 

Index was significantly different in golden eagle home range core areas from food index in 

buffer areas in grassland cover type but and similar in all the other cover types. Prey pellet group 

counts were larger in scrubland than in grassland across all golden eagle territories, however, 

grassland cover is 9% percent larger in the core areas, thus prey is more abundant in the closer 

proximities to nesting sites. This study considered a circular area around nests as the core of 

home range, this area may; 1) not be necessarily a true representation of the optimum or effective 
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foraging area of golden eagle territories and 2) The shape of the territory cores may not represent 

the true shape of the territory areas used by golden eagles to forage. Similarities in the cover type 

composition between territory cores and surrounding areas lead to the same food index in other 

cover types.   

The prey index was slightly higher in scrubland than in grasslands; however, sampling of 

pellet groups in grasslands could be biased because in certain areas, particularly in bunchgrasses 

and halophytic grasses pellets get trapped into the bunchgrass or concealed in the leaf litter. 

During the sampling I did observe fewer hares and rabbits in grasslands with scarce shrubs or 

without shrub cover than in grasslands areas with interspersed shrub species or scrubland. Shrubs 

constitute foraging, concealing and escape cover for golden eagle prey, and the lack of them may 

be associated with lower prey. Besides, most of the transects for counting pellets were done in 

flat areas, where hares are abundant. Few transects were done on steep slopes, where rabbits 

appear to be more abundant than hares, therefore I could potentially be overestimating the 

number of hares. I suggest conducting studies to estimate lagomorph densities in the areas 

surrounding nesting territories and their microhabitat characteristics. 

Humans directly modify the habitat of golden eagles throughout much of their range 

(Watson 1997, Kochert et al. 2002). In Mexico, alteration and fragmentation of habitat by land 

use change are two of the greatest threats that golden eagles’ populations are facing 

(SEMARNAT-INE 1999, Carreón et al. 2008). The 30 individual golden eagle territories from 

this study were scattered across the central and northern portions of Chihuahua, and throughout 

this range, land is subject to different management practices and ownership. During my surveys, 

I observed that some of the areas where golden eagles occur were severely overgrazed while 

some others were subject to better grazing management practices. Particularly, communally 
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owned areas (Ejidos) often lack grazing or ranching management plans, causing potential 

overgrazing.  

Most of the golden eagles were located within private lands and few in communal 

properties. Occupied land in Chihuahua is greatly subject to modification by humans. In recent 

years, large portions of grassland and scrubland have been converted to agriculture fields in the 

Mexican portion of the Chihuahuan Desert Ecoregion (Carreón et al. 2008), mainly by the 

Mennonite communities, whose intensive farming practices represent a threat for many grassland 

species, including the golden eagle. Threats of converting lands into farmlands imply not only 

the loss of vegetal cover necessary to support the primary food for golden eagles and the 

potential poisoning risk associated with the use of pesticides in the farming, but also the gradual 

soil loss by effect of erosion by wind and runoff, and the encroachment of invasive plants that 

accelerate the desertification process (Millennium Ecosystem Assessment 2005).  

When habitat is altered, pristine habitats become scarce and wildlife species have either 

to adapt or, more frequently, to move to remnants of former suitable areas. In Chihuahua, four of 

the monitored golden eagle territory cores have greatly disturbed areas: farmland in four of them 

and urban development (low intensity) in one. The amount of farmland in one of the territories 

was 49.73 % of the total core area. Another territory had 22.76% cover of farmland, while the 

remaining two had 1.12% and 0.9% of farmland. The site with the greater amount of farmland is 

also close to a relatively new human settlement (Ejido) and to a Mennonite settlement. During 

July 2009, I saw both birds in the area, their three nests partially destroyed after the breeding 

season had signs of recent breeding activity (down and prey remains). The next year I visited the 

site three times and confirmed no breeding activity. One of the nests showed signs of 

refurbishing in early March 2010. The second time I visited the site to monitor breeding activity 
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in April 2010, the refurbished nest had rocks in the cup and an empty beer can. One month later I 

saw only one bird. Reportedly, one bird was found dead by locals. The allegedly cause of death 

was poisoning for feeding on a coyote carcass. Another site was also in the close proximity to 

Mennonite agriculture fields, in a previous grassland area where Aplomado falcons nested the 

years before. 

Besides land use change, man-made structures can negatively impact golden eagle 

populations. Power lines and roads are amongst the more deadly structures for golden eagles 

(Franson 1995), although wind farms (Hunt et al. 1997) and water tanks (this study) represent 

potential additional fatal sources. This study did not find significant differences in distances to 

roads and power lines between golden eagle sites and random areas, however, this does not mean 

that golden eagles are not being affected by human, but could merely represent a sample bias due 

to the ease of finding those nesting territories that are closer to roads. Moreover, the fact that no 

differences were found between random areas and golden eagle areas in proximity to human 

disturbance sources could mean that the rate of land use change is happening everywhere and 

likely far from decreasing or stopping, and that land use change is restricting golden eagles.  

In addition to immediate and direct threats associated with land use change, large-scale 

perturbations like severe droughts and unpredictable rain patterns associated with global climate 

change are expected to shape the future landscapes throughout the world by accelerating the 

desertification process of arid lands (Millennium Ecosystem Assessment 2005). All these factors 

will certainly cause regional changes in vegetation patterns that could affect prey abundance and 

foraging success of Golden Eagles across their range. Because only suitable habitat can sustain 

healthy wildlife populations in the long term, the opportune assessment of landscape 

characteristics and the implementation of management practices geared towards improving the 
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habitat conditions for their prey and hunting success enhancement may be the difference for the 

recovery of golden eagle populations.  

Previous studies have emphasized the importance of measuring landscape attributes on 

the nesting grounds and responses of nesting birds to temporal and spatial changes (Kochert et al. 

1999, Steenhof et al. 1999). This is the first quantitative systematic study of golden eagle habitat 

in Chihuahua, and its importance is to be a starting point to monitor land changes in the future 

across time and space, and their effect on the golden eagle populations, as well as a starting point 

to draw conservation strategies oriented to the long term conservation of the species.  
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Table 1.1 Environmental variables extracted from GIS at 30 golden eagle nesting territory 

cores and 60 random areas  
 

TYPE VARIABLE DESCRIPTION 

Topographic 2Da (m
2
) Planar area of each territory  

 3Da (m
2
) Surface area of each territory 

 elevmax (m) Maximum elevation (m) of the territory area 

 elevmean (m) Average elevation (m) of the territory area 

 maxsl (deg) Maximum slope (d) of the territory area 

 meansl (deg) Average slope (d) of the territory area 

 TRIMAX Maximum Terrain Rugeddnes Index  

Anthropocentric towns Number of human settlements per territory 

 dbc (m) Distance to cities > 1000 ha  

 dmc (m) Distance to medium cities >100 and < 1000 ha  

 dt (m) Distance to small town < 100 ha 

 dpaved (m) Distance to nearest paved road  

 ddirt_road (m) Distance to nearest dirt road 

 ddirt_track (m) Distance to nearest dirt track 

 dpath (m) Distance to nearest path 

 delec (m) Distance to any nearest electricity line  

 dtower (m) Distance to nearest line of electricity towers 

 ddouble (m) Distance to nearest double wired power line 

 dsingle (m) Distance to nearest single wired power lines 

 dfarm (m) Distance to nearest agriculture field 

 bga (m
2
) Area of big city (>1000 ha) within territory  

 mca (m
2
) Area of medium city (>100 and < 1000) ha within 

territory 

 sta (m
2
) Area of small town (<100 ha) within territory 

 lpaved (m) Total length of paved roads within territory  

 dirt_road (m) Total length of dirt roads within territory  

 dirt_track (m) Total length of dirt track within territory  

 path (m) Total length of paths within territory  

 power (m) Total length of power lines within territory  

 tower (m) Total length of electric towers line within territory  

 double (m) Total length of double wired electricity line within 

territory  

 single (m) Total length of single wired electricity line within 

territory  

Landscape cover (%)  Percent of cover type and associations  

 dh20 (m) Distance to nearest permanent or ephemeral water 

source 
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Table 1.2 Cover type availability (%) in the state of Chihuahua and cover type composition in 30 golden eagle nesting 

territories and 60 random areas 

 

 CHIHUAHUA TERRITORY RANDOM 

  CORE BUFFER CORE BUFFER 

  ̅  ̅ SE 95% CL  ̅ SE 95%  CL  ̅ SE CL  ̅ SE CL 

CONIFEROUS  15 0 0.00 . 0 0.00 0 - 0 10 3.14 4 -16 10 2.91 5 - 16 

FARMLAND 9 2 1.70 -1 - 6 5 1.87 1 - 9 9 2.58 4 -14 10 2.08 6 - 14 

GRASSLAND 24 59 5.10 49 – 69 50 4.00 41- 58 24 3.78 17 - 32 25 3.00 19 - 31 

OAK FOREST 13 15 4.41 6 - 24 12 3.18 6 -19 12 3.19 5 - 18 12 2.74 6 - 17 

OTHER 0 0 0.00 . 0 0.00 . 0 0.00 . 0 0.40 0 - 1 

RIPARIAN 0 0 0.07 0 - 0 0 0.05 0 - 0 0 0.11 0 - 0 0 0.06 0 - 0 

SCRUBLAND 36 24 5.12 13 – 34 33 4.82 24 -43 42 5.16 32 - 53 41 4.73 31 - 50 

TROPICAL 2 0 0.00 . 0 0.00 . 2 1.39 -1 - 5 1 0.82 0 - 3 

URBAN 0 0 0.10 0 -0 0 0.03 0 -0 0 0.09 0 - 0 0 0.16 0 - 1 

WATER 0 0 0.19 0 -1 0 0.02 0 - 0 0 0.09 0 - 0 0 0.06 0 - 0 
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Table 1.3. Cover type composition in 30 golden eagle nesting territory cores in Chihuahua, Mexico in 2010 

 

COVER TYPE SUBTYPE Frequency 

(N=30) 

% OF  

AREA  

CONIFEROUS QPF.-Oak-Pine Forest 1 0.16 

FARMLAND IF.- Irrigated Farmland type 1 1 0.34 

IF.- Irrigated Farmland type 2 3 1.28 

NIF.- Non-Irrigated Farmland 1 0.75 

GRASSLAND HG.- Halophytic Grassland 8 1.90 

IG.- Induced Grassland 3 1.82 

NG.- Natural Grassland 27 49.89 

NG/S.- Natural Grassland with Secondary Vegetation 6 5.33 

OAK FOREST QF.- Oak forest 12 11.63 

QF/S.- Oak forest with Secondary Vegetation 3 2.76 

RIPARIAN Rp.- Riparian 1 0.07 

SCRUBLAND MS.- Microphyllous Scrubland 21 20.02 

RS.- Rosette Scrubland 2 2.71 

Mq.- Mesquital 2 0.04 

HXV.- Halophytic Xeric Vegetation 1 0.01 

MS/S.- Microphyllous Scrubland with Secondary Vegetation 1 0.95 

URBAN UL.- Urban Low intensity 1 0.10 

WATER H2O.- Water Body 2 0.25 
                     ∑     
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Table 1.4 Comparison of cover type between golden eagle nesting territory cores and random core areas in Chihuahua, 

Mexico. Results from a 2-sample t-test. 

 

COVER TYPE GOLDEN EAGLE 

TERRITORIES 

(N = 30) 

RANDOM SITES 

(N = 60) 

  

 Mean SD Mean SD t P > t 

Coniferous  0.00 0.00 10.09 24.33 -2.26 0.0260
*
 

Farmland 2.38 9.33 9.31 19.98 -1.80 0.0754 

Grassland 58.96 27.95 24.17 29.28 5.39 <0.0001
**

 

Oak forest 14.54 24.18 11.88 24.70 0.49 0.6288 

Riparian 0.07 0.39 0.20 0.86 -0.79 0.4328 

Scrubland 23.69 28.04 42.37 39.98 -2.29 0.0245
*
 

Tropical 0.00 0.00 1.75 10.78 -0.89 0.3763 

Urban 0.10 0.55 0.10 0.70 -0.02 0.9870 

Water 0.25 1.04 0.13 0.73 0.64 0.5262 
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Table 1. 5 Comparison of cover type coverage within golden eagle home range cores (3000 m radius) to coverage in buffer 

zones (3000 to 8000 m from the core center). Data were evaluated with a paired t- test 

 

COVER TYPE Golden Eagle Territories 

(n=30) 

Random areas 

(n=60) 

Mean 

difference 

SD t-Val Pr > t Mean  

difference 

SD t P > t 

CONIFEROUS  -0.01 0.03 -1.0 0.3256 0.27 5.74 -0.37 0.7122 

FARMLAND -2.36 7.57 -1.71 0.0978 -0.47 11.11 -0.33 0.7416 

GRASSLAND 9.33 20.34  2.51 0.0177 -0.60 17.75 -0.26 0.7958 

OAK FOREST 2.51 12.85 1.07 0.2927 0.06 12.62 0.04 0.9687 

RIPARIAN 0.01 0.11 0.71 0.4811 0.08 0.55 1.11 0.2708 

SCRUBLAND -9.77 19.50 -2.75 0.0103 1.74 15.40 0.87 0.3858 

OTHER -- -- -- -- -0.43 3.06 -1.09 0.2821 

TROPICAL -- -- -- -- 0.49 4.89 0.78 0.4360 

URBAN 0.06 0.42 0.84 0.4069 -0.21 1.33 -1.25 0.2163 

WATER 0.21 1.03 1.13 0.2658 -0.02 0.68 -0.29 0.7740 
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Table 1.6 Ground cover variability among 30 golden eagle nesting territory cores and among their buffer areas in Chihuahua, 

Mexico in 2009 and 2010 

 

VARIABLE 

GE TERRITORY 

CORES 

BUFFER 

AREAS 

t P > t df t Pr > t df 

Bare Soil (BS) 8.54 0.0034 3 5.05 0.0150 3 

Leaf Litter (LL) 8.72 0.0032 3 3.04 0.0557 3 

Woody Debris (WD) 3.83 0.0314 3 2.35 0.1004 3 

Grass or Herb (GH) 11.56 0.0014 3 5.36 0.0127 3 

Shrub 0 – 1 m (SH1) 2.96 0.0593 3 3.07 0.0904 3 

Shrub 1 – 3 m (SH3) 2.31 0.1044 3 2.47 0.0904 3 

Tree (TR) 1.11 0.3491 3 1.12 0.3433 3 

Tree Density (TREEDEN) 1.55 0.3646 1 2.22 0.2694 1 
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Table 1.7 Comparison of topographic characteristics between golden eagle territory cores and random areas in Chihuahua 

Mexico. 

 

Variable Random areas Golden Eagle territories t P>t 

 ̅ SE  ̅ SE 

Elevation
a
 (m) 1555.80 51.96 1733.17 36.64 -2.79 0.0065 

Minimum Elevation (m) 1413.52 49.99 1483.63 30.14 -1.20 0.2330 

Maximum Elevation (m) 1750.77 58.67 1953.53 51.75 -2.59 0.0113 

Average Elevation (m) 1582.19 50.60 1719.17 37.41 -2.18 0.0322 

Slope
b
 (deg) 13.85 2.41 26.08 2.18 -3.76 0.0003 

Minimum slope (deg) 0.01 0.01 0.01 0.01 -0.45 0.6569 

Maximum slope (deg) 31.59 2.17 43.73 1.86 -4.24 <0.0001 

Average slope (deg) 7.16 0.91 10.96 0.96 -2.88 0.0051 

Flat area (km
2
)  27.91 0.00 27.80 0.11 1.01 0.3211 

Rugged área (km
2
) 28.60 0.13 28.89 0.19 -1.26 0.2138 

Ratio rugged/flat 1.02 0.00 1.04 0.00 -2.22 0.0296 

Minimum Terrain Ruggedness Index 0.16 0.06 0.11 0.06 0.48 0.6300 

Maximum Terrain Ruggedness Index  52.19 4.59 169.91 92.08 -1.28 0.2117 

Average Terrain Ruggedness Index 10.29 1.30 16.06 1.38 -3.03 0.0033 
a
 Elevation was measured at the center of the area 

b
 Slope was measured at the center of the area 
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Table 1.8. Distances from center of golden eagle nesting territories and from center of random sites to human settlements and 

other man made structures in Chihuahua, Mexico 

 
VARIABLE RANDOM SITES N=60 GOLDEN EAGLE TERRITORIES N=30 t P > t 

Mean (SD) Range Mean (SD) Range 

Distance to paved roads (m) 19929 ± 21015 89 - 95111 18972 ± 13659 291 - 56254 0.26 0.796 

Distance to all dirt roads (m) 1714 ± 1356 45 - 7186 2515 ± 1734 130 - 7507 -2.21 0.032 

Distance to dirt roads (m) 9589±9496 219 - 4459 9157 ± 5942 205 - 23848 0.26 0.792 

Distance to dirt tracks (m) 1858 ± 1490 45 - 7186 2651 ± 1686 130 - 7507 -2.18 0.033 

Distance to paths (m) 1038 ± 993 1 - 5028 1751 ± 1541 22 - 6086 -2.31 0.026 

Distance to any power pole (m) 12090 ± 11588 15 - 45979 8576 ±7077 218 - 34929 1.78 0.079 

Distance to electric tower (m) 55270 ± 43494 371 - 184836 40479 ± 33640 1190 -107161 1.78 0.080 

Distance to double-lined power poles (m) 27659 ± 21173 1164 - 95749 28041 ± 14881 1789 -5650 0.10 0.921 

Distance to simple lined power poles (m) 17512 ± 19341 15 - 103821 11398 ± 11009 218 - 55437 1.91 0.060 

Distance to farmland (m) 11878 ± 16341 0 - 68772 16603 ± 17676 0 - 77662 -1.23 0.226 

Distance to big town (m) 82678 ± 46829 5112 - 201310 72123±39773 7553 - 146045 1.12 0.268 

Distance to medium town (m) 40949 ± 32794 2325 -126188 41513 ± 30108 1525 -114751 -0.08 0.935 

Distance to small town (m) 32876 ± 20384 2488 - 102684 30074 ± 15828 5509 -76254 0.72 0.476 

Distance to any human settlement (m) 2812 ± 2001 140 - 9501 3667±1661 1253 -7779 -2.15 0.035 
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Table 1.9. Food Index variation in different cover types between 30 golden eagle nesting territory cores and their buffer zones 

 

Cover type n Golden eagle  

territory core 

Buffer area Mean 

difference 

SE t P > t 

Coniferous forest 1 -- -- -- -- -- -- 

Farmland 4 1.55 0.88 -0.57 0.86 -0.66 0.5569 

Grassland 30 9.77 8.22 1.55 0.61 2.51 0.0177 
**

 

Oakland 13 5.20 3.50 1.37 0.70 1.93 0.0770 

Riparian 1 -- --  -- -- -- 

Scrubland 22 6.50 7.48 -1.69 0.83 -2.03 0.0550 
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Figure 1.1 Geographic location of Chihuahua State and the three main physiographic zones: mountains, grasslands and desert 

scrubland. 



57 

 

 

 

Figure 1.2. Schematic diagram of sampling scheme used to record habitat characteristics and pellet group counts around 

golden eagle nest sites and random areas in Chihuahua, Mexico during 2009 and 2010. 
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Figure 1.3 Food Index variation among different cover types in both golden eagle nesting territory core areas and in their 

buffer zones in Chihuahua, Mexico during 2009 and 2010. Food Index is an abundance index of main prey (hares and rabbits) 

weighted by cover type area. 
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Appendix A. Projection system used to extract environmental variables and in Geographic 

Information Systems. 

 

North_America_Lambert_Conformal_Conic 

Projection: Lambert_Conformal_Conic 

False_Easting: 2500000.000000 

False_Northing: 0.000000 

Central_Meridian: -106.000000 

Standard_Parallel_1: 27.500000 

Standard_Parallel_2: 29.500000 

Latitude_Of_Origin: 12.000000 

Linear Unit: Meter 

 

GCS_North_American_1983 

Datum: D_North_American_1983
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Appendix B. Prey species identified from regurgitated pellets and other prey remains founded in nests, or assessed by direct observation 

of prey delivery in golden eagle nesting areas during 2010 in Chihuahua, Mexico, including frequency (n), relative frequency (%) and 

the percent of biomass each species contributed to golden eagle diet. 

 

 

Common name 

 

Species 

Non Breeding Territories 

2010 

Breeding Territories 

2010 

Frequency 

(n) 

Relative 

Frequency  

(%) 

Biomass 

percent 

Frequency 

(n) 

Relative 

Frequency  

(%) 

Biomass 

percent 

MAMMALS 

Californian hare Lepus californicus 16 55.17 69.6 22 61.11 67.53 

Cottontail Sylvilagus floridanus 7 24.14 17.76 2 5.56 3.58 

Mexican woodrat Neotoma mexicana 2 6.9 0.88 0 0 0 

Prairie dog Cynomis ludovicianus 1 3.45 2.26 3 8.33 4.79 

Striped skunk Mephitis mephitis 1 3.45 7.07 2 5.56 9.98 

BIRDS 

Barn owl Tyto alba 2 6.9 2.44 0 0 0 

Turkey vulture Cathartes aura 0 0 0 4 11.11 12.28 

Dove *Non identified* 0 0 0 1 2.78 0.23 

Mockingbird Mymus polyglotus 0 0 0 1 2.78 0.08 

REPTILIANS 

Snake *Non identified*  0 0 0 1 2.78 1.53 

TOTAL  29 100 100 36 100 100 

 

I calculated biomass percent by 1) multiplying the average weight (g) of each prey species by their  

frequencies and 2) dividing biomass (g) of each species by the total biomass. 
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CHAPTER II: POTENTIAL GEOGRAPHIC DISTRIBUTION OF GOLDEN 

EAGLES IN CHIHUAHUA MEXICO THROUGH HABITAT SUITABILITY INDEX 

MODELS 
 

ABSTRACT 

Habitat suitability modeling (HSM) has grown with the rapid development and 

availability of geographic information systems (GIS). Also called species distribution models 

(SDMs), HSM has become an essential tool for modeling the ecological niche of species by 

identifying suitable habitat and extrapolating the results to broad, landscape levels. When no 

assessments of population dynamics can be made, the management of wildlife populations 

relies in knowing where animals are distributed, why they are there, and which other places 

may be occupied.  

I surveyed the state of Chihuahua, Mexico in search for golden eagles and located 30 

nesting territories.  I propose a two-scale approach as a way to identify different factors 

affecting habitat preferences. I used logistic regression with a case-control data set 

comprising the observations of golden eagle pairs (n=29) and random points data (n=60) to 

assess the probability of occurrence of eagles based on habitat suitability.   

I used a GIS to measure topographic characteristics and land cover, as well as 

anthropogenic disturbances within the 29 golden eagle nesting territories. I modeled habitat 

within circular plots at two different spatial scales: 1) within the home range core zone (a 

circular area of 3000 m radius), and 2) within a circular area of 200 km
2
.  

To compare between two different approaches, I developed a Mahalanobis distance 

model using the variables selected from logistic regression to develop a spatially explicit 

model of golden eagle habitat suitability based on their distance to ideal habitat conditions. 

At a home range level, the best model included percent of grassland, maximum slope 

(degrees) and number of towns as the best predictors of golden eagle presence, while at a 

larger scale the best model included the percent of grassland, the percent of conifer and the 

distance to paths. The distribution of potentially suitable area matches the combination of 

both mountain ranges and open habitat like grassland, desert scrubland and grassland-oak 

associations. 

Although grasslands cover about 24% of Chihuahua state,  only about 5% of 

Chihuahua had a high probability of golden eagle occupancy (12,540 km
2
), while 66.5% had 

the lowest occupancy probability (<0.25) as identified by logistic regression modeling. 

 

Key Words: Akaike Information Criteria, Aquila chrysaetos, Chihuahua, Geographic 

Information Systems, Habitat modeling, Habitat Suitability Index, Logistic Regression, 

Mahalanobis distance, Mexico. 
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INTRODUCTION 

The distribution of wildlife across the landscape does not follow a random or 

homogeneous pattern; rather, it largely depends on landscape dynamics and structure 

including the spatial arrangement and temporal variations of their habitats (Arthur et al. 1996, 

Boyce and McDonald 1999, Morrison et al. 2006). Several habitat components may influence 

the suitability of habitat for a species and determine the distribution of individuals in a 

particular area (Austin 2002) and influence their abundance or density, their survivorship and 

their reproductive success (Bock and Jones 2004). Therefore, the presence of a species in a 

given area, its abundance or density and its long term viability are a function of habitat 

quality (Southwood 1977, Bock and Jones 2004), however, there are some exceptions where 

high wildlife densities within an area do not necessarily reflect quality of the habitat (Van 

Horne 1983, Wheatley et al. 2002).  

Habitat suitability varies with both spatial and temporal scales. For example, at local, 

small scales, conditions such as microclimate influence habitat suitability, while at 

continental scales factors like climate have a greater impact on shaping habitat suitability. At 

landscape scales, however, land use/cover and topography play the main roles in influencing 

suitability of habitat (Pearson and Dawson 2003). Seasonal variations in climatic factors such 

as temperature and rainfall also influence the suitability of the habitat (Van Horne 1983). 

Animals presumably select the most appropriate sites based on their life requirements. 

By selecting high quality habitats animals enhance their survival chances and their 

reproductive success. Therefore, knowing the distribution and understanding species’ habitat 

requirements are key elements in wildlife ecology and basic prerequisites for effective 

wildlife management (Scott et al. 2002, Sinclair and Fryxell 2006).  

When an in-depth study is feasible or high quality data are available, it may be 

possible to develop models of wildlife-habitat relationships using a variety of statistical 
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approaches like multiple regression (Findlay and Zheng 1999), discriminant function analysis 

(Corsi et al. 1999, Livingston et al. 1990), loglinear models (Morris and Differndorfer 2004), 

logistic regression (Chadwick et al. 2008, Gavashelishvili and Lukarevskiy 2008, 

Holzkamper et al. 2006, Karlsson et al. 2007), neural networks (Findlay and Zheng, 1999), 

Bayesian models (Bayliss et al. 2005, Lehmkuhl et al. 2001) or classification and regression 

trees (CART) (Fan et al. 2003).  

When population estimations are not feasible, yet management decisions that affect 

wildlife need to be made, management of wildlife populations depends on managing habitat, 

therefore having an  understanding of wildlife-habitat interactions is crucial to address 

management goals. Under these circumstances, having models that accurately predict the 

suitability of the habitat, the potential spatial distribution of species, or the probability of 

animal occurrence across an area of interest is necessary to effectively manage wildlife 

populations (Franklin 2009, Osborne et al. 2001).  

Species distribution models help to address fundamental questions about functional 

wildlife-habitat relationships by estimating the suitability of a particular area to support a 

species, or occurrence probabilities from spatial-distribution data and environmental 

predictors for either a single species or species groups. These models are used to increase our 

understanding of species’ ecological interrelationships and to predict occurrence across 

landscapes, sometimes implying geographic and temporal extrapolations (Franklin 2009), and 

thus should be based on the best available data describing these ecologic interrelationships.  

The basic underlying assumption behind the species distribution modelling is that 

animals select those sites that offer a suitable set of environmental conditions. Therefore, by 

understanding conditions at these sites it is possible to reconstruct portions of their ecological 

niche. Modeling approaches estimate the potential niche and/or the actual (realized) niche of 

a species, and represent the suitability of the habitat to support a particular species, and may 
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also represent the probability of species occurrence. Niche models are also known as Species 

Distribution Models (Franklin 2009) Habitat Suitability Models (HSI) (Hirzel and Le Lay 

2008), “Predictive Habitat Distribution Models” (Guisan and Zimmermann 2000) and 

“spatially explicit habitat suitability models” (Rotenberry et al. 2006).  

By linking observations of wildlife occurrence data to habitat it is possible to assess 

species’ habitat preferences, to identify the potential of an area to satisfy a species’ 

requirements, and to assess species’ potential spatial distribution (Li et al. 1999, Gibson et al. 

2004).  

The relatively recent rapid development of technology for remotely obtained 

environmental and ecological data, and the increasing availability of Geographic Information 

Systems (GIS) have become advantageous tools in conservation biology. The integration of 

GIS with Species Distribution Models is useful to address essential ecological questions for 

conservation planning (Franklin 2009). Among the broad applications of GIS-based habitat 

models are: mapping wildlife habitat potential (Hansen et al. 2001, Kliskey et al. 1999), 

identifying suitable places for species occurrence and/or reintroduction (Glenz et al. 2001, 

Lopez-Lopez et al. 2007, Schadt et al. 2002), predicting optimum habitat extent of a species 

(Gibson et al. 2004), assessing core areas on Natural Protected Areas  (Li et al. 1999) and 

monitoring temporal and spatial species fluctuations (Yanez and Floater 2000).  

Habitat Suitability Index (HSI) models were developed primarily for habitat 

evaluation and linked to Habitat Evaluation Procedures (HEP) for management planning and 

environmental impact assessment. However, they may be useful to predict habitat sensitivity 

to environment perturbations and to address conservation planning (Van Horne and Wiens 

1991). For developing HSI models, species’ life requirements need to be known, either from 

field studies designed for the species or from synthesis of available data from all studies 

(Brooks 1997, Chadwick et al. 2007). The information is summarized to build models 
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representing the relationship between habitat suitability and habitat components such as 

nesting and foraging habitat. HSI models represent hypotheses of wildlife-habitat 

relationships based on the best available data (Van Horne and Wiens 1991). HSI models 

constitute a practical approach to assess the potential of an area to provide suitable habitat for 

a species when no detailed studies are feasible.  

Assuming that species occurrence reflects habitat suitability to some degree, HSI 

modelling approach allows the development of predictive habitat suitability maps. One of the 

main advantages of species habitat modelling is that once factors determining animal 

distribution have been identified for a certain area, one may easily use geographic 

extrapolation and predict the probability of the species occurrence, or identify potential 

habitat across a much larger region.  

Habitat suitability modeling can be particularly useful in developing countries such as 

Mexico where the knowledge on biological and ecological processes of several species is 

often insufficient, and where limited demographic information on the species makes 

monitoring and management difficult. When resources are scarce to conduct surveys, 

modeling and further geographic extrapolation of available results may be a feasible option to 

understand the relationships of the species with the habitat and address conservation planning 

(Van Horne and Wiens 1991). 

Golden eagles are the national symbol of Mexico and a priority for conservation 

(DOF 2002). However, in the last decades few studies have explored their basic ecology and 

to date many questions remain unanswered (Rodriguez-Estrella 2006). Golden eagles are 

known to occur in Mexican territory from the northwest corner to central San Luis Potosi 

(Kochert et al. 2002), however, the lack of systematic surveys and knowledge on their actual 

distribution has caused their distribution to be mapped based solely on incidental 
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observations and experts’ opinion instead of the suitability of the habitat or more thorough 

surveys. 

To effectively manage golden eagle populations it is necessary to know the status of 

their populations and the condition of their habitat. Because golden eagles require large areas 

for hunting, and because populations from northern latitudes migrate to wintering grounds 

(Kochert et al. 2002), conservation strategies should be addressed at large, landscape scales.   

Golden eagles have been extensively studied in the United States and Canada 

(Baglien 1975, Bates and Moretti  1994, Hunt et al 1999, Johnsgard 1990, Kochert et al. 

2002, McGahan 1968, MacLaren et al. 1988, Marzluff et al. 1997, Poole and Bromley 1988, 

Spofford 1971), and in many regions in Europe (Lopez-Lopez et al. 2007, Tapia et al. 2007). 

However, the status of the Mexican populations remains poorly known. Before this study, no 

inventories of golden eagle locations had been done in Chihuahua State. Chihuahua is 

Mexico’s largest state and contains a large amount of grassland and open areas that have been 

converted into agriculture lands at an accelerated rate, affecting open country species like 

golden eagles and other sympatric species like Aplomado falcons (Falco femoralis) and 

pronghorns (Antilocapra americana).  

I used a logistic regression model approach to develop a predictive GIS-based HSI to 

model golden eagle distribution in Chihuahua Mexico based on suitability of habitat. 

Multiple logistic regression is one of the most popular methods for developing predictive 

species distribution models of presence/absence data (Chadwick et al. 2008, Gavashelishvili 

and Lukarevskiy 2008, Holzkamper et al. 2006, Karlsson et al. 2007, but see Keating and 

Cherry 2006).  Often, logistic regression models are used to compare more elaborate models 

(Elith et al. 2006, Dormann et al. 2007).  

Species distribution modeling approaches may be generally synthesized in two steps: 

1) synthesize and analyze the relationship between a species and its habitat, and 2) 
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extrapolate this relationship to larger areas (Corsi et al. 2000, Franklin 2009). GIS habitat 

modeling usually involves five basic steps: 1) extract descriptive habitat data from GIS, 2) 

statistical analysis, 3) spatial modeling in GIS based on statistical analysis, 4) mapping and 

simulations, and 5) model testing (Van Manen and Pelton 1997).  

My goals were: 1) to investigate habitat factors affecting golden eagle probability of 

occupancy, and 2) to construct a spatially-explicit golden eagle occurrence predictive model 

for Chihuahua based on logistic regression that can be used by government agencies to 

delineate strategies for the long term conservation of the species.  

Because the process of habitat selection occurs at a variety of spatial and temporal 

scales (Johnson 1980, Morrison et al. 2006), understanding the patterns of animal distribution 

requires consideration of the appropriate scale to address wildlife conservation needs 

(Osborne et al. 2001, Scott et al. 2002). In this regard, species distribution models should 

consider aspects such as the appropriate temporal and spatial scale, the predictive ability of 

the model, and an uncertainty assessment. Moreover, studies conducted at one single scale 

may be misleading (Maurer 2002) due to a multi scale habitat selection, therefore I developed 

models depicting golden eagle and habitat relationships at two different scales. These scales 

are defined as: 1) The home range size area, that includes the nesting area as well as the 

foraging area and comprises 28.27 km
2
 and 2) a larger area comprising 200 km

2
around the 

nesting sites.   

METHODS 

Study area 

This study was designed to map potential golden eagle geographic distribution in 

Chihuahua, Mexico based on the suitability of the habitat. Chihuahua is located in 

Northwestern Mexico, between 31°47’ and 38°25’ N and 103°18’ and 109°07’ W. With a 
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total surface of 247,455 km² (95,543 mi
2
), Chihuahua is the largest of all the Mexican states. 

It is bordered by the states of Sonora to the west, Sinaloa to the southwest, Durango to the 

south and Coahuila to the east. It also shares border with the US, adjacent to the states of 

New Mexico and Texas. Elevations in the state range from -59 to 3287 m. The state of 

Chihuahua has three main physiographic zones: the mountains in the west, the grasslands in 

the center of the state, and the desert scrubland in the northwest (Figure 1.1). The topography 

in the mountainous area is very rugged; the vegetation is mainly composed of coniferous 

forests (Pinus spp., Abies spp.) in the highlands and subtropical vegetation in the deep 

canyons.  

The grasslands comprise large grass prairies and oak-grassland savannahs, with small 

to medium elevated hills and high valleys in the central part of the state.  Natural grasslands 

dominate this cover type and include both annual and perennial grass species.  

The desert scrubland portion comprises both arid and semiarid lands surrounded by 

low and sparsely vegetated peaks. Xeric microphyllus scrubland (MS) is the dominant 

vegetative cover and is composed of small-leaved shrubs < 2 m  height and herbs mixed with 

shrubby thorn species, cactus and grasses, creating heterogeneous landscapes. As a result of 

desertification process, the distinction between grassland and desert scrub is not always clear. 

Rosetophyllus scrubland (RS) is dominated by plants with rosette-like and sword-shaped 

leaves plants.  

Oak forest typically occurs from the grassland-oak forest transition zone in the 

medium elevation parts of mountains, to the oak and oak-pine forest in the highlands. It has 

two vegetation layers: grasses of 50 to 75 cm height and short tree species in the higher layer. 

Trees in these cover types are rather scattered, creating open and semi-open landscapes, 

suitable for golden eagles. 
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Field Methods 

Because animals select habitat at different spatial scales (Johnson 1980), I used two 

different scales to capture habitat suitability at home range and landscape scale. I conducted 

this investigation during summer 2009, and spring and summer 2010 in Chihuahua State, 

Mexico. I surveyed potential habitat and used a global positioning system (GPS) to record 

occupied golden eagle territories. I used binoculars and telescopes to avoid any disturbance to 

incubating golden eagles or chicks. A territory was considered occupied if we observed nests 

with green branches or recently refurbished nests, typical pair courtship behavior, brood-

rearing activity or young (Newton 1979, Steenhof and Kochert 1982). Because the purpose of 

this study was to find as many nesting territories as possible, I did not record golden eagles 

sighted during the surveys that were juveniles or solitary adults, and those pairs whose 

nesting territory could not be located. 

Incidents associated with drug production and trade forced me to focus survey efforts 

in the northeast portion of the state, comprising desert scrublands and grasslands, while the 

woods of the Sierra Madre Occidental were surveyed less intensively, only 15 days. Because 

golden eagles are listed in the Mexican endangered species list as endangered (DOF 2002), 

the precise locations of the nesting territories located are kept confidential to prevent any 

disruption and/or take from people. For the purpose of this study, I considered a golden eagle 

nesting territory to be any area that contains one or more golden eagle nests established 

during consecutive years and where only one golden eagle pair breeds (Steenhof and Newton 

2007). 

My team and I spent 212 days in the field between 2009 and 2010. We covered about 

28,939 km during field surveys, which is larger than North to South Pole distance (20,014 

km) but less than Earth circumference (40,075 km). 
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I only observed golden eagle pairs in 29 out of 30 inventoried areas. In the only case 

where golden eagles were not sighted within the nesting area, I decided to count it as a 

nesting territory since there were previous reports of golden eagles in relative close proximity 

to the areas where nests were found.   

Extracting habitat variables from GIS 

I selected a set of landscape-derived habitat variables thought to potentially influence 

golden eagle habitat based on studies from the US and Europe. I used a Geographic 

Information System (GIS) to extract information on cover type composition, topography and 

human disturbances at each golden eagle nesting territory (Table 2.1) and at 60 areas 

corresponding to 60 randomly generated points representing control areas (Hosmer and 

Lemeshow 2000, Keating and Cherry 2004). I drew two circular areas of 3000 m radius and 

8000 m radius, centered on the centroid of all nests and in the center of random points (Figure 

1 Chapter I). I used the Land use/ land cover map Series IV, scale 1:50000 from The Mexican 

National Institute of Statistics and Geography (hereafter INEGI) to extract cover type data. I 

narrowed down the land use/land cover categories used by INEGI into new ones, meaningful 

to the purpose of the present study, including: grassland, scrubland, mixed coniferous forest, 

oak forest, farmland, riparian, urban, and others.  

I used a 30 m resolution Digital Elevation Model (DEM) available at the INEGI 

website to extract topographic information (elevation, slope and terrain ruggedness) for the 

golden eagle territories and random areas as well.  

Paved roads, dirt roads dirt tracks and paths, as well as all electricity lines were 

extracted from an INEGI vector dataset and separated into the categories shown in Table 2.1.  

To estimate the amount of area of each (relative) human settlement, I classified urban 

areas extracted from land use/land cover map according to their size into: 1) small if area was 

< 100 ha, 2) medium if the area was between 100 and 1,000 ha and 3) big if the area was > 
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1,000 ha. To count the number of human settlements within each area regardless of size, I 

used a point layer dataset from INEGI representing all human settlements, including any 

human settlement regarding its size.   

I used a custom Lambert Conical Conformal map projection to have accurate 

measurements of the distances and areas (see Appendix A Chapter I). All variables were 

measured within 1) the circular core area of 3000 m radius, representing the average core 

home range of golden eagles, and 2) a circular area of 8000 m radius (200 km
2
). I selected a 

200 km
2
 area because it is 10 times the size of the year round territory minimum home range 

size I measured distance from the nearest human related structure (roads, electricity lines, 

towns, farmland), and from the nearest permanent or ephemeral source of water source (i.e., 

lagoon, spring, dam, etc.) to the centroid of each survey site using the ‘Near’ Analysis Tool 

on ARCMAP 10.0. All the spatial data were extracted by using ARCMAP 10.0  software 

(Environmental Systems Research Institute [ESRI]).  

Modeling.   

I used SAS software to perform all the statistical analysis (SAS Institute Inc. 2011). 

First, I tested for significant differences in habitat variables between golden eagle occupied 

(used) nesting territories and unoccupied, random territories (unused) by using the non-

parametric Wilcoxon Rank sum test to select the variables that may be important in 

determining golden eagle presence or absence. Second, I examined the correlation among all 

variables used in model development to select only the independent ones and to avoid using 

highly redundant variables (Pearson’s |r| > 0.7) in the same model. Third, I developed logistic 

regression models using PROC LOGISTIC in SAS to evaluate which combination of the 

variables previously selected predicted most accurately the presence of golden eagles. 

Initially, I developed 23 univariate logistic regression models using each of the independent 

variables. I then developed multivariate (bivariate and trivariate) models using all plausible 
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combinations of the variables, while excluding the use of highly correlated variables in the 

same model. I ran a total of 55 models of occupancy probability by golden eagles for home 

range scale and 32 models for landscape scale. All models were evaluated from “best” to 

“worst” using Akaike’s Information Criteria (AIC) to determine the relative support of all 

models (Akaike 1973, Burnham and Anderson 2002). The model with the lowest AIC value 

was considered the “best” model in terms of balancing the number of parameters used 

(parsimony) and goodness of fit to the actual data. Usually, models with ∆AIC values ≤ 2.0 

are considered to be strongly supported by the data, while models with 2 < ∆AIC < 4 are 

considered to be moderately supported (Burnham and Anderson 2002). Models with ∆AIC 

values > 10 are considered to be implausible.  

Logistic regression is a special case of a generalized linear model (GLM) for a binary 

response variable. In a logistic regression, the predictor variable(s)  is (are) linked to the 

expected value of the response variable by a link function which constrains the predicted 

values to be within a range of possible values, for instance, between 0 and 1. In case of 

logistic regression, the link function is the logit, i.e., ln[P / (1 – P)], where P is the expected 

value of the response variable, (i.e., the occurrence probability). The inverse link function has 

to be applied to calculate the predicted values. 

To compare logistic regression with another widely used modeling approach I 

developed a Mahalanobis distance model using the best habitat variables selected from the 

logistic regression model. Mahalanobis distance (D
2
) is a dimensionless measure of the 

squared distance between each observation in a multidimensional point cloud and the 

centroid of that cloud (Mahalanobis 1936); the Mahalanobis distance D
2
 measures how 

dissimilar a set of variables is from an ideal habitat as estimated from a set of animal 

locations (Clark et al. 1993), usually the mean habitat characteristics at cells where the 

species was observed. The inverse relationship between Mahalanobis distance value and 
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similarity of a site to the ideal habitat  means that smaller Mahanolobis distance values 

represent those areas with habitat conditions closer to the ideal habitat, in this case the ideal 

habitat conditions of golden eagle nesting territories, represented by the multivariate mean 

vector of habitat characteristics from known sites. 

When habitat variables are normally distributed, the Mahalanobis distance statistic 

follows a χ
2
 distribution and can be converted to probability values. In most cases, however, 

the assumption of normality is difficult to satisfy and the distance values are considered 

dimensionless (Knick and Rotenberry 1998). Assuming that animals select high quality 

habitat when they can, small D
2
 values mean high quality of the habitat while larger values 

mean lower habitat quality. 

Development of predictive golden eagles distribution map  

At home range core scale I used the home range scale second top model based on AIC 

value to develop a predictive golden eagle distribution map across the whole state of 

Chihuahua. I used the second top model instead of the first one because of the likelihood of 

one of the landscape characteristics being overrepresented on the top model. I used a circular 

moving window of 3000 m radius to calculate the statistics for each input layer used to 

produce the final map of golden eagle habitat. Habitat suitability was calculated using the 

formula:    
                               

                                      where  

ψi =the suitability of habitat use for the ith sampling unit 

xi = the value for the variable u measured at the ith sampling unit 

βi = the regression coefficient that determines the size of the effect of the respective 

β0 = the intercept 

i = the number of sampling units or sites 

u = the number of variables entered into the model.  
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I used the values of the second top model to generate a spatially explicit map of 

golden eagle habitat suitability using ArcGIS 10.0 (Environmental Systems Research 

Institute, Inc., Redlands, California). 

I used ArcMap 10.0 (ESRI [Environmental Systems Research Institute] 2010) to 

perform the necessary matrix algebra and calculate the Mahalanobis distance surface of 

habitat quality for golden eagles. To have a similar scale among all the input layers, I 

normalized the GIS layers corresponding to those variables selected by logistic regression 

modeling to have a mean of 0 and standard deviation of 1. To calculate D
2
 I first calculated 

the inverse of the variance-covariance matrix from the 29 golden eagle nesting territories 

using IML procedure in SAS.   

Then I calculated  D
2 

for every 30x30 m raster cell according to the formula: 

 D
2
 =(x-m)

T
 C

-1
 (x-m)         where:  

D
2
 = Mahalanobis distance  

x = vector of habitat characteristics (variables) associated with each cell 

m = mean vector of habitat characteristics recorded at cells of known animal locations  

T = indicates that the vector should be transposed 

C
-1

 = inverse covariance matrix for the same vector of habitat characteristics.  

The resulting map represents the distance of each cell from the mean of all golden 

eagle nesting territories in a multidimensional space. D
2
 is dimensionless but its values can be 

converted into Chi-Square probabilities where the ‘predictor’ variables are normally 

distributed. 
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RESULTS 

Golden eagle territories cores had a significant higher percent of grassland than 

random cores (58.96% vs 24.17%, t=3.29, P=0.0016), and a lower amount of desert 

scrubland than random core areas (23.69% vs. 42.37%, t=-3.81, P=0.0003), while other cover 

types composition was similar between golden eagle cores and random cores (Table 2.2). At 

both home range and landscape scales, percent of grassland was the individual variable that 

best predicted the habitat suitability among univariate models. In a similar way, in both scales 

grassland was included in the top models altogether with other habitat predictor variables.   

Logistic Regression, home range scale  

Among the eight different cover types occurring in golden eagle nesting areas, 

grassland was the most common in terms of frequency and magnitude. Percent of grassland 

(grass3) was the single variable that better separated occupied sites from random ones. 

Among the topographic factors, maximum slope (maxsl) was the variable that best singly 

separated golden eagle territories from random sites, while among the human related sources 

of disturbance, the number of towns per territory (towns) had the greatest effect on separating 

out true sites from random areas. These variables had the lowest AIC value on an individual 

basis (Table 2.3).  

Although TRImax was not highly correlated with maxsl (Pearson’s |r| = 0.00994, 

P=0.9263), both are related to the availability of cliffs, therefore, I dropped the top model 

because of the likelihood of being overestimating the role of topography in the final model.  

Thus I used the second best model which included grassland percent, maximum slope 

and number of towns to map golden eagle potential distribution in Chihuahua (Table 2.3).  

The accuracy of the model as given by the area under the ROC curve is 0.8868, which 

is  considered as “good” in a scale from 0 to 1 scale (Figure 2.1). The area under the ROC 

curve measures the ability of the model to correctly classify golden eagle areas from random 
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areas. An area with a value below 0.5 represent a worthless test and a value of 1 represents a 

perfect test (Hosmer and Lemeshow 2000).  

I used the following equation to develop the spatially explicit habitat suitability model 

for golden eagles in Chihuahua State, including percent of grassland (grass3), maximum 

slope (maxsl) and number of towns (towns): 

    
                                                        

                                                           
 

Only three models were plausible according to their weights. AICw value of the 

model chosen was 0.24, while the top model had an AICw of 0.29 and the third top model 

had an AIC value of 0.13. All the three top models include percent of grassland (grass3) and 

maximum slope (maxsl) while maximum terrain ruggedness index (TRIMAX), number of 

towns (towns) and length of dirt tracks (dirt_track) each add to fit of grass3 + maxsl model.  

Both variables TRIMAX and maxsl represent the complexity of topography and are 

related to the presence of rocky outcrops, however, slope is more interpretable ecologically 

and for management purposes, as well as easily to calculate.  Therefore, model including 

grass3, maxsl and towns best represents golden eagle habitat. 

Positive Beta coefficients for the chosen model indicate that presence of golden eagle 

is positively related to the amount of grassland (%) and high slopes and negatively related to 

number of towns.  

The predictive map of golden eagle throughout Chihuahua state (Figure 2.2) shows 

northern and central portions of the state with higher suitability (0.75-1.00) for golden eagles 

that those areas along the Sierra Madre, where the habitat quality is poorer and probability of 

use is lower (0.0 - 0.25). The lower probability is mainly due to differences in cover type that 

has a much smaller percent of grassland than in the northern and central portions of the state. 

A 68% of Chihuahua surface has a probability of occurrence below 0.25, 18% of the 

area has a probability of occurrence value between 0.26 and 0.50, 9% of the state has a value 
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between 0.51 and 0.75 and only 5% of Chihuahua surface has a habitat suitability >0.75 

(Figure 2.3) 

Within the 30 golden eagle territory cores, 14% of the area has a value below 0.25, 

18% of the total area has a value between 0.26 and 0.50, 33% of the area falls between 0.51 

and 0.75 and the remaining 35% has a value >0.75 (Figure 2.4). 

Logistic Regression, landscape scale  

There were significant differences in grass8 between sites with presence of golden 

eagle and random sites (z= -1.22, d.f. =1, P<0.0001) and in 11 other variables (Table 2.4). All 

those variables were selected to further analysis. (Table 2.5).   

At a landscape scale, the three best univariate models were:  grass8, conifer8 and 

towns. However, the top model included percent of grass (grass8), percent of coniferous 

forest (conifer8) and distance to paths (dpaths) as the best predictors of golden eagle 

occurrence.  

Only five models were plausible according to their weights. AICw values of these 

models were 0.26, 0.15, 0.15, 0.14 and 0.13, respectively. All the three top models included 

percent of grassland (grass8) and percent of coniferous forest (conifer8) while distance to 

roads (dpaths, ddirt_r_tr, ddirt_tr and dalldirt), each add to fit of grass8 + conifer8 model 

(Table 2.5). Beta coefficients indicated that golden eagles selected open areas like grassland 

and selected against forested areas like mixed coniferous forest. Vegetation structure depends 

on cover type, which provides foraging, breeding, shelter, concealment and escape cover for 

prey species, therefore, cover type may influence the amount of prey and its availability 

(Janes 1984, Ferrer and Donazar 1996, Knick and Dyer 1997, Marzluff et al. 1997, Carter and 

Jones 1999, Fa et al. 1999, Kochert et al. 1999, Palomares 2001
a,b

, Palomares et al. 2001, 

Calvete et al. 2004).  In this regard, prey may be more available in open areas than in heavily 
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forested areas like the coniferous forest, and eagles may be selecting for suitable foraging 

areas.  

Models with strong support (∆AIC < 2) included distance to paths (dpaths), distance 

to any dirt road or track (ddirt_rd_tr), distance to dirt track (ddirt_track), or distance to any 

dirt road or path (dalldirt) as positively related to golden eagle territories according to their 

Beta coefficients, however, although distances to these dirt roads, tracks and paths were 

smaller in random areas than in golden eagle territories (Table 2.6), this does not necessarily 

mean that golden eagles select those places closer to roads to build their nests, but may 

indicate instead some bias in the surveying, since it is likely that I more easily reached those 

nesting territories closer to roads and paths than those farther away from them. In general, 

univariate and bivariate models had considerably less support than trivariate models, and 

especially all trivariate models that did not include grass8 had lower support than models 

including grass8 among the predictor variables.  

Beta coefficients indicated that habitat suitability is directly related to higher percent 

of grassland and inversely related to higher percent of mixed coniferous forest.  

    
                                                        

                                                           
 

Although the model including human settlements (towns) had less support than 

models including distance to dirt roads, tracks or paths, it has a moderate level of support and 

the negative beta coefficient indicates a negative relationship between habitat use by golden 

eagles and human settlements, in a similar way to home range scale. Human population 

density in Chihuahua is one of the lowest  in Mexico (Mexico = 57 people/km
2
, Chihuahua 

=14 people/km
2
), and even though the majority of population is concentrated in big cities, 

there is a fairly large number of small villages distributed sparsely throughout the state, 

especially in the Sierra Madre Occidental area. Persecution by humans has a negative impact 

on golden eagle settlement and breeding parameters (Whitfield et al. 2004). Persecution may 
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be higher in densely populated places. In the Chihuahua landscape, habitat may be less 

suitable in densely populated areas because of a higher risk of persecution. The results of this 

study suggest that golden eagles may be avoiding areas with higher human population 

densities, in a similar way to other golden eagle studies (Carrete et al. 2002, Whitfield et al. 

2004, Lopez-Lopez 2007). 

Mahalanobis distance 

Mahalanobis distances between the mean golden eagle habitat and the rest of the state 

ranged from 0.3 to 15,254 ( ̅   3828 ± 3790.68). The D
2
 map shows graphic similarities with 

the logistic regression developed map. In the same way that logistic regression model, the 

habitat of higher quality (greener areas) follows the distribution of grasslands, and quality of 

habitat decreases with a lower percent of grasslands and, especially, with number of human 

settlements. The red areas on D
2
 map correspond to places with a high concentration of small 

human settlements, and even though the data analyzed did not include area of the human 

settlement, or population density, it is clear the role of densely populated areas on quality of 

the habitat for golden eagles (Figure 2.5). 

Mahalanobis distance modeling values between 0 and 5 comprise 40% of Chihuahua 

area, 24% had D
2
 values > 5 and < 10, 34%  had values > 10 and < 100, and only 2% of 

Chihuahua area has a D
2
 value >100 (Figure 2.6). 

Within golden eagle territories, 52% of the area had a D
2
 <5, 31% of the area had a D

2
 

value between 5.1 and 10, and the remaining 17% had a value of D
2
 > 10 (Figure 2.7). 

DISCUSSION AND MANAGEMENT IMPLICATIONS 

Because of the lack of systematic surveys recording golden eagle occurrence and/or 

habitat studies, prior to this study the geographic distribution of golden eagles in Mexico had 

been broadly mapped simply based on incidental observations, general knowledge and expert 
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opinion regarding perceived potential habitats, but not on assessments of suitability of the 

habitat. To effectively manage golden eagle populations it is crucial to have an understanding 

of their use of habitat. Home range scale habitat-use models developed in this study suggest 

that golden eagle habitat use in Chihuahua is being driven primarily by grassland area, by the 

availability of rugged terrain that provide suitable places for nesting, and the number of 

human settlements.  

Throughout their broad geographic range, golden eagles are known to be an open 

country species (Watson 1997, Kochert et al. 2002); golden eagle populations from 

Chihuahua showed a clear preference for open areas, and among the different cover types, 

grassland was preferred over scrubland and oak-grassland savannahs. The results from this 

study are consistent with published literature and other studies that document golden eagle 

selection for rugged terrain with suitable rocky structures for nesting (Kochert et al. 2002, 

Lopez-Lopez et al. 2007) and proximity to open areas (Millsap 1981, Marzluff et al. 1997, 

Watson 1997, Hunt et al. 1999, Carrete et al. 2000, McGrady et al. 2004). Open areas in 

Chihuahua extend from the northern part of the state to the southeast, comprising large 

portions of prairies and desert scrub, mainly, and grasslands-oak associations. The 

availability of cliffs is correlated to the ruggedness of the terrain (Carrete et al., 2000, 

Balbontın 2005), therefore, golden eagle preferences for steep slopes or high terrain 

ruggedness index may actually be actually a selection for suitable rocky outcrops that provide 

structures such as caves and platforms to build nests. Contrastingly, in the Sierra Madre 

Occidental there are canyons with very steep slopes that have suitable rocky outcrops and 

structures for nesting. However, no golden eagles or their nests were sighted in the few areas 

visited, which were located mainly in mixed coniferous forest. This finding suggests the 

importance of open areas in the habitat selection process. 



 

 

81 

 

Golden eagles can be negatively affected both directly and indirectly by human 

activities: they are susceptible to poisoning, persecution, habitat loss, electrocution, collision, 

among other threats. Perhaps the greater threat golden eagles face these days in their Mexican 

range is the accelerated conversion of grasslands into agricultural or urban lands (Carreón et 

al. 2008), which has reduced and fragmented the geographic range of golden eagle’s habitat. 

It has been suggested that golden eagles avoid nesting in areas with high human activity like 

farmland and human settlements (Lopez-Lopez et al. 2007). However, some of the nesting 

territories in Chihuahua were close to highly disturbed areas; in particular one territory which 

was located in communal land has lost more than 50% of the core area because of recently 

grassland conversion into intensive farmland, and human settlements. Surprisingly, variables 

representing anthropogenic related structures like electricity lines and roads were weak 

predictors of habitat suitability for golden eagles, yet they are the leading cause of golden 

eagle mortality (Franson et al. 1995).  

Although the results show a positive correlation between golden eagle nesting 

territories and distance to paths at a large scale, I believe this should not be interpreted as 

selection by eagles for relatively disturbed areas, but instead may indicate a sampling bias, 

since I very likely reached nesting territories based on their accessibility by dirt roads and dirt 

tracks. 

Finally, golden eagle probability of occurrence also is higher in places with low 

coverage of agricultural area and large coverage of grassland cover. The distribution of 

potentially suitable area matches the distribution of mountain ranges and grasslands, mainly 

in northern and central portions of the state (Figure 2.2). Contrastingly, Sierra Madre 

Occidental forested areas remain relatively unoccupied by resident golden eagles, yet some 

open areas like Laguna de Babicora provides suitable habitat for wintering populations of 

golden eagles.  
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The finding that amount of grassland is the main factor driving habitat selection by 

golden eagles in Chihuahua has important implications for long term conservation purposes. 

In recent years, grasslands and scrublands have been converted into agricultural fields by the 

Mennonite community at an alarming rate. In this context, the results of the present study 

provide a quantitative baseline from which to monitor future land change in golden eagle 

territories.  

One of the golden eagle territories has lost more than 50% of the core area because 

recent land use change into farmland and human settlements. In another territory that 

produced one fledgling in 2010, a new irrigated farmland was within less than 2 km of the 

active nest in 2010 (Figure 2.7), and it continued to be expanded. Intensive farming activities 

mean not only the loss of foraging habitat or the decrease of prey availability, but also 

represent a source of disturbance and potential persecution risks, not to mention the 

probability of poisoning by organochlorine compounds used in pesticides and their effects on 

reproductive success.  

Selection for open areas may reflect selection for higher prey density and availability. 

The predictive map of eagle occupancy (Figure 2.2) suggests that high quality golden eagle 

habitat will be found where grassland is dominant. However, some nesting territories are 

located in desert scrubland. Desert scrubland bears a higher hare and rabbit density than 

grassland (See chapter I) therefore, desert scrubland may actually have higher suitability than 

represented by this model.  

Cover type variables other than grass and conifer evaluated in the models were not 

strong predictors of habitat use by golden eagles in Chihuahua. The variable conifer8 caused 

a quasi-separation of points at landscape scale, indicating strong differences between random 

sites and nesting territories in the percent of this cover type.  
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Tree density was very low in open habitats like desert scrubland and grassland (See 

Chapter I), therefore, with no suitable nests for building nests, golden eagles depend on rocky 

outcrops with suitable structures for nesting in these cover types. Selection for areas with 

high slope represents a selection for cliffs.  

Although I did not model the influence of climatic factors on the suitability of habitat, 

climate may be having an impact on golden eagle potential distribution. Across their wide 

geographic range, golden eagles place their nests oriented in such a way to protect chicks 

from extreme temperatures. However, it is known that frequency of hot days may affect the 

percentage of successful laying pairs (Steenhof et al. 1997). Future research in the area 

should investigate the role of climatic factors on golden eagle occurrence in the long term. 

Because golden eagle habitat requirements may vary across regions, conservation 

decisions should not be taken on the basis of single species requirements. Yet, top predators 

like golden eagle have been postulated as useful ‘focal species’ for reserve design due to their 

‘umbrella effect’ over other species (Lambeck, 1997, Roberge and Angelstam 2004, Sergio et 

al. 2005, Sergio et al. 2006). 

The recently declared Biosphere Reserve “Janos” located in the northwestern portion 

of Chihuahua state holds six of the 30 inventoried golden eagle territories and potentially may 

hold many more resident golden eagle pairs and floaters. Janos is a wintering ground for 

migrating golden eagles and other raptor and songbird species.  There is another Natural 

Protected Area (NPA) large enough to protect a local golden eagle population in Chihuahua, 

adjacent to the U.S. Big Bend National Park; this NPA “Cañón de Santa Elena” has moderate 

to high potential to support golden eagles according to this study’s predictive maps. Park 

managers have reported golden eagles in the area. Other NPAs such as “Tutuaca” and 

“Campo Verde” have low potential for holding golden eagle populations because cover type 

is dominated by mixed coniferous forests. The remaining NPA “Medanos de Samalayuca” 
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has also low potential because cover type (sand dunes) has low escape/concealment cover for 

hares and rabbits, which are the staple prey for golden eagles in Chihuahua.  

Golden eagles require large amounts of area, therefore, to protect golden eagle 

populations it is necessary to protect large amounts of land. Only suitable habitat can sustain 

healthy wildlife populations, and in a rapidly changing landscape like the Chihuahuan Desert, 

it is urgently necessary to protect grasslands from further conversion to agriculture lands. 

Cattle ranching previously has been the main profitable activity in Chihuahua grasslands 

areas, however many ranches have been sold to farmers who drill wells and establish 

intensive, irrigated farming practices. Once water is depleted, barren lands are left behind, 

subject to wind erosion and invasive species colonization. This intensive farming causes not 

only the reduction of foraging habitat for golden eagles, but also nesting and foraging habitat 

for other birds and mammals. Anthropogenic activities compatible with golden eagle 

conservation practices, for example, establishing sustainable grazing practices would allow 

grassland conservation at the same time than protecting golden eagles populations from 

losing habitat and other risks. 

This logistic regression habitat suitability model identified important habitat covariate 

combinations, but not individual small-scale features for golden eagles in Chihuahua. 

Consequently, the model is useful as a tool for targeting management or surveying activities 

at a large scale where the probability threshold and resulting search area can be adjusted 

according to management objectives. Because to protect golden eagles large portions of 

grasslands should be protected from further conversion into farmlands, I suggest that those 

areas with high habitat suitability (>0.75) be considered for reserves. However, habitat in 

those areas with lower suitability (0.5-0.7) should be evaluated and if plausible, restored.    

Finally, I consider that the model could be useful to predict golden eagle habitat 

suitability and probability of distribution in areas with similar characteristics to Chihuahua 
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areas. The predictive cartography of suitable habitat shown could serve to adopt conservation 

measures in relation to natural protected areas design. 
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Table 2.1. Environmental variables used to model golden eagle potential distribution in 

Chihuahua, Mexico. Variables were extracted from Geographic Information Systems 

from 29 golden eagle nesting territories and 60 random areas. 

 

TYPE VARIABLE DESCRIPTION 

Topographic 2Da (m
2
) Planar area of each territory  

 3Da (m
2
) Surface area of each territory 

 elevmax (m) Maximum elevation (m) of the territory area 

 elevmean (m) Average elevation (m) of the territory area 

 maxsl (deg) Maximum slope (d) of the territory area 

 meansl (deg) Average slope (d) of the territory area 

 TRIMAX Maximum Terrain Rugeddnes Index  

Anthropocentric towns Number of human settlements per territory 

 dbc (m) Distance to cities > 1000 ha  

 dmc (m) Distance to medium cities >100 and < 1000 ha  

 dt (m) Distance to small town < 100 ha 

 dpaved (m) Distance to nearest paved road  

 ddirt_road (m) Distance to nearest dirt road 

 ddirt_track (m) Distance to nearest dirt track 

 dpath (m) Distance to nearest path 

 delec (m) Distance to any nearest electricity line  

 dtower (m) Distance to nearest line of electricity towers 

 ddouble (m) Distance to nearest double wired power line 

 dsingle (m) Distance to nearest single wired power lines 

 dfarm (m) Distance to nearest agriculture field 

 bga (m
2
) Area of big city (>1000 ha) within territory  

 mca (m
2
) Area of medium city (>100 and < 1000) ha within 

territory 

 sta (m
2
) Area of small town (<100 ha) within territory 

 lpaved (m) Total length of paved roads within territory  

 dirt_road (m) Total length of dirt roads within territory  

 dirt_track (m) Total length of dirt track within territory  

 path (m) Total length of paths within territory  

 power (m) Total length of power lines within territory  

 tower (m) Total length of electric towers line within territory  

 double (m) Total length of double wired electricity line within 

territory  

 single (m) Total length of single wired electricity line within 

territory  

Landscape cover (%)  Percent of cover type and associations  

 dh20 (m) Distance to nearest permanent or ephemeral water 

source 
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Table 2.2 Comparison of cover type composition between golden eagle nesting territory cores and random cores.  

  

COVER TYPE 

TERRITORY 

CORES 

N=29 

 RANDOM 

 CORES 

N=60 

df t P>t 

CONIFEROUS  0.00%  10.09% - - -- 

FARMLAND 2.38%  9.31% 25 -0.46 0.6496 

GRASSLAND 58.96%  24.17% 68 3.29 0.0016
**

 

OAK FOREST 14.54%  11.88% 28 -0.79 0.4369 

OTHER 0.0%  0.0% - - - 

RIPARIAN 0.07%  0.20% 3 -0.44 0.6889 

SCRUBLAND 23.69%  42.37% 60 -3.81 0.0003
**

 

TROPICAL 0.0%  1.76% - - - 

URBAN 0.10%  0.10% 1 -0.02 0.9884 

WATER 0.25%  0.13% 3 0.53 0.6351 
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Table 2.3 Occupancy modeling results including AIC, change in AIC (∆AIC), model 

weight (wi), and the number of parameters (k) for golden eagles in Chihuahua, at home 

range scale (3000 m radius) 

 

Model AIC ΔAIC wi K 

P(grass3 + maxsl + trimax) 78.728 0 0.29 5 

P(grass3 + maxsl + towns) 79.125 0.397 0.24 5 

P(grass3 + maxsl + dirt_track) 80.435 1.707 0.13 5 

P(grass3 + maxsl + dpath) 81.835 3.107 0.06 5 

P(grass3 + maxsl + ddirt_track) 82.063 3.335 0.06 5 

P(grass3 + maxsl + dirt_road) 82.525 3.797 0.04 5 

P(grass3 + maxsl) 82.802 4.074 0.04 4 

P(grass3 + maxsl + dalldirt) 83.173 4.445 0.03 5 

P(grass3 + maxsl + ddirt_rd_tr) 83.2 4.472 0.03 5 

P(grass3 + maxsl + meansl) 84.322 5.594 0.02 5 

P(grass3 + meansl) 85.323 6.595 0.01 4 

P(grass3 + trimax) 85.346 6.618 0.01 4 

P(grass3 + ratio) 85.912 7.184 0.01 4 

P(grass3 + dirt_track) 88.384 9.656 0.00 4 

P(grass3 + conifer3) 88.705 9.977 0.00 4 

P(grass3 + numtowns) 88.712 9.984 0.00 4 

P(grass3 + trimean) 88.908 10.18 0.00 4 

P(grass3 + elevmax) 89.857 11.129 0.00 4 

P(grass3 + dirt_road) 90.07 11.342 0.00 4 

P(grass3 + a3d) 90.131 11.403 0.00 4 

P(grass3 + dpath) 90.591 11.863 0.00 4 

P(grass3 + paved) 91.424 12.696 0.00 4 

P(grass3 + ddirt_track) 91.522 12.794 0.00 4 

P(grass3 + x) 91.851 13.123 0.00 4 

P(grass3 + dalldirt) 91.89 13.162 0.00 4 

P(grass3 + ddirt_rd_tr) 91.896 13.168 0.00 4 

P(grass3 + dtown) 91.91 13.182 0.00 4 

P(grass3) 92.261 13.533 0.00 5 

P(grass3 + power) 92.501 13.773 0.00 4 

P(grass3 + single) 92.592 13.864 0.00 4 

P(grass3 + farm) 92.773 14.045 0.00 4 

P(grass3 + farm3) 92.773 14.045 0.00 4 

P(grass3 + dfarm) 93.583 14.855 0.00 4 

P(grass3 + double) 93.923 15.195 0.00 4 

P(grass3 + medt) 93.975 15.247 0.00 4 

P(grass3 + tower) 94.07 15.342 0.00 4 

P(grass3 + hidirt) 94.257 15.529 0.00 4 

P(town) 104.15 25.422 0.00 3 

P(maxsl) 104.207 25.479 0.00 3 

P(trimax) 105.768 27.04 0.00 3 

P(conifer3) 106.009 27.281 0.00 3 
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Table 2.3 Continued Occupancy modeling results including AIC, change in AIC 

(∆AIC), model weight (wi), and the number of parameters (k) for golden eagles in 

Chihuahua, at home range scale (3000 m radius) 

 

Model AIC ΔAIC wi K 

P(dirt_road) 109.086 30.358 0.00 3 

P(dirt_track) 109.442 30.714 0.00 3 

P(trimean) 109.971 31.243 0.00 3 

P(meansl) 110.425 31.697 0.00 3 

P(farm) 110.514 31.786 0.00 3 

P(farm3) 110.514 31.786 0.00 3 

P(ddirt_rd_tr) 110.987 32.259 0.00 3 

P(ddirt_tr) 111.539 32.811 0.00 3 

P(dtown) 111.957 33.229 0.00 3 

P(elevmax) 112.043 33.315 0.00 3 

P(dpath) 112.158 33.43 0.00 3 

P(ratio) 112.911 34.183 0.00 3 

P(dalldirt) 113.235 34.507 0.00 3 

P(x) 113.654 34.926 0.00 3 

P(dfarm) 114.511 35.783 0.00 3 

P(a3d) 114.939 36.211 0.00 3 

P=probability of site occupancy/habitat use. 
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Table 2.4 Significant variables at landscape level (200 km
2
 circular area) as identified 

by Wilcoxon test. 

 

variable df z prob > z 

GRASS8 1 4.9597 -0.0001 

CONIFER8 1 -2.8008 0.0051 

TOWNS 1 -2.6265 0.0086 

FARM8 1 -2.2287 0.0258 

FARM 1 -2.0738 0.0381 

DDIRT1Y2 1 2.4292 0.0151 

DLIDIRT 1 2.5605 0.0105 

DLOCAL 1 2.8581 0.0043 

DPATH 1 2.276 0.0228 

DALLDIRT 1 2.1098 0.0349 

DFARM 1 2.2938 0.0218 

ELEVMIN 1 2.2454 0.0247 
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Table 2.5 Occupancy modeling results including AIC, change in AIC (∆AIC), model 

weight (wi), and the number of parameters (k) for golden eagles in Chihuahua, at 

landscape scale (8000 m radius) 

 

Model AIC ΔAIC wi K 

P(grass 8 + conifer8 + dpath) 84.13 0.00 0.26 5 

P( grass8 + conifer8 + ddirt_rd_tr) 85.2 1.07 0.15 5 

P(grass8 + conifer8 + ddirt_track) 85.28 1.15 0.15 5 

P(grass8 + conifer8 + dalldirt) 85.357 1.23 0.14 5 

P(grass8 + conifer8) 85.556 1.43 0.13 4 

P(grass8 + conifer8 + towns) 87.266 3.14 0.06 5 

P(grass8 + dpath) 89.719 5.59 0.02 4 

P(grass8 + ddirt_track) 90.026 5.90 0.01 4 

P(grass8 + ddirt_road) 90.157 6.03 0.01 4 

P(grass8 + dalldirt) 90.365 6.24 0.01 4 

P(grass8 + farm8) 90.83 6.70 0.01 4 

P(grass8 + dtown) 90.832 6.70 0.01 4 

P(grass8) 91.265 7.14 0.01 3 

P(grass8 + farm8 + dtown) 91.682 7.55 0.01 5 

P(grass8 + dfarm) 92.144 8.01 0.00 4 

P(grass + towns) 92.248 8.12 0.00 4 

P(grass8 + farm8 + towns) 92.62 8.49 0.00 5 

P(grass8 + elevmin) 93.044 8.91 0.00 4 

P(grass8 + elevmin + towns) 93.962 9.83 0.00 5 

P(conifer8 + dpath) 100.068 15.94 0.00 4 

P(conifer8) 101.678 17.55 0.00 3 

P(conifer8 + towns) 102.099 17.97 0.00 4 

P(towns) 109.832 25.70 0.00 3 

P(farm8) 110.068 25.94 0.00 3 

P(dpath + ddirt_track) 110.245 26.12 0.00 4 

P(farm) 110.657 26.53 0.00 3 

P(ddirt_rd_tr) 110.987 26.86 0.00 3 

P(ddirt_road) 111.539 27.41 0.00 3 

P(dtown) 111.957 27.83 0.00 3 

P(dalldirt + dtown) 111.978 27.85 0.00 4 

P(dpath) 112.158 28.03 0.00 3 

P(dalldirt) 113.235 29.11 0.00 3 

P(dfarm) 114.511 30.38 0.00 3 

P(elevmin) 115.133 31.00 0.00 3 

P=probability of site occupancy/habitat use. 
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Table 2.6 Values of habitat components within a 200 km
2
 circular area at 29 golden 

eagle territories and 60 random sites in Chihuahua state, Mexico. Values were extracted 

from Geographic Information Systems. 

 

Habitat Component VARIABLE Golden eagle territories 

(n= 29) 

Random areas 

(N=60) 

  Mean SD Mean SD 

Land Cover conifer8 (%) 0.00 0.01 10.23 23.29 

 farm8 (%) 2.54 7.17 9.55 17.27 

 grass8 (%) 55.26 22.72 24.46 24.89 

 oak8 (%) 13.13 20.40 11.85 22.17 

 other8 (%) 0.00 0.00 0.21 1.53 

 riparian8 (%) 0.07 0.34 0.16 0.63 

 scrub8 (%) 28.78 25.85 41.50 37.55 

 tropical8 (%) 0.00 0.00 1.51 8.51 

 urban8 (%) 0.07 0.35 0.21 0.75 

 water8 (%) 0.15 0.54 0.14 0.52 

Topographic elevmax (m) 1999.93 311.72 1947.10 481.10 

 elevmean (m) 1577.30 187.32 1551.56 385.56 

 elevmin (m) 1405.72 133.92 1324.93 385.02 

 elevstd 105.18 58.15 109.51 94.55 

 slmax (deg) 46.22 11.22 43.93 14.11 

 slmean (deg) 7.19 4.23 7.35 6.88 

 slstd 7.27 2.68 6.19 3.08 

 trimax 286.20 743.68 186.14 550.03 

 trimean 10.61 5.84 10.79 9.98 

 tristd 17.52 26.40 12.31 18.32 

Electricity allpower (m) 8373.37 10723.62 12719.64 18488.17 

 doubles (m) 686.75 2340.76 2458.21 6226.28 

 paved (m) 2934.02 7036.66 5870.71 8960.94 

 simple (m) 5545.82 7514.91 6961.09 10462.26 

 tower (m) 2159.86 6967.66 3300.40 9317.90 

 dpower (m) 8616.69 7198.70 12090.07 11588.42 

 dtower (m) 41494.86 33764.27 55270.45 43493.79 

 ddouble (m) 28715.37 14670.46 27658.95 21172.64 

 dsimple (m) 11536.22 11177.21 17511.78 19340.81 

Roads alldirt (m) 44217.22 25429.91 55762.71 26597.84 

 dalldirt (m) 1133.49 961.76 771.77 835.57 

 ddirt (m) 9300.90 6046.65 9583.78 9483.00 

 ddirtrt (m) 2465.07 1508.24 1706.88 1356.67 

 dirt (m) 6780.81 13287.62 9490.42 12356.95 

 dpaths (m) 1546.73 1215.50 1034.60 991.41 

 dpaved (m) 19521.29 13559.65 19929.29 21015.22 

 dtrack (m) 2605.89 1456.40 1851.90 1491.26 

 paths (m) 77239.74 46250.19 87532.04 37380.84 
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Table 2.6 Continued. Values of habitat components within a 200 km
2
 circular area at 29 

golden eagle territories and 60 random sites in Chihuahua state, Mexico. Values were 

extracted from Geographic Information Systems 

 
 

Habitat 

Component 

VARIABLE Golden eagle territories 

(N= 29) 

Random areas 

(N=60) 

  Mean SD Mean SD 

 track (m) 37436.41 21078.87 46272.30 23853.35 

Farm/Urban big (ha) 5889.33 31715.02 269164.91 2020723.84 

 dbig (m) 73847.02 39319.95 82678.16 46828.68 

 dmed (m) 41562.26 30639.60 40949.27 32793.75 

 dsmall (m) 30794.04 15599.70 32875.57 20383.84 

 dtown (m) 3732.63 1650.30 2811.79 2000.62 

 farm (m
2
) 6314603.69 14031110.51 19589303.79 32757023.26 

 med (ha) 75183.53 404875.68 289060.87 890999.85 

 small (ha) 14002.10 75403.61 23900.05 129793.96 

 towns 3.48 7.12 9.55 14.71 

 dfarm (m) 17143.26 17735.97 11878.39 16340.72 
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Table 2.7. Cross tabulation of habitat suitability index (percent of area) identified by 

Logistic Regression and Mahalanobis Distance modeling in Chihuahua, Mexico 

 

MD\LR 0-25 26-50 51-75 76-100 

0.3 -5 15% 13% 7% 5% 

5.1 - 10 18% 4% 1% 0% 

10.1-100 32% 1% 0% 0% 

>100 2% 0% 0% 0% 
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Figure 2.1 Receiver Operating Characteristic (ROC) curve for the model used to build 

potential distribution of golden eagle in Chihuahua, Mexico, based on habitat suitability  
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Figure 2.2 Potential golden eagle geographic distribution in Chihuahua based on a Habitat Suitability Index model  (0 - 1) developed by 

multiple logistic regression 
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Figure 2.3 Distribution of percent area with different Habitat Suitability values in Chihuahua State as identified by a multiple logistic 

regression model.  
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Figure 2.4 Distribution of percent area with different Habitat Suitability Index values in golden eagle territories as identified by a 

logistic regression model.  
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 Figure 2.5 Habitat Suitability Index for golden eagles in Chihuahua, Mexico from Mahalanobis Distance modeling.  
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Figure 2.6 Distribution of percent area with different Habitat Suitability Index values in Chihuahua state  

as identified by Mahalanobis Distance modeling. 
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Figure 2.7 Distribution of percent area with different Habitat Suitability Index values in golden eagle territories as identified by 

Mahalanobis Distance modeling.
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Figure 2.8 Satellite image (LANDSAT 5) taken on May 22, 2010 at 14:15, showing a 

recently developed irrigated farmland in the Chihuahuan Desert Ecoregion. The red 

circular areas are irrigated croplands. The yellow circle is the core area (3000 m radius) 

of a golden eagle territory that was active during the breeding season 2010.
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CHAPTER III: STATUS OF GOLDEN EAGLES IN NORTHWESTEN MEXICO, 

WHAT IS NEXT? 

 

ABSTRACT 

Golden eagles have been a priority species for conservation in Mexico since 1994 

(SEDESOL 1994).  In 1999 the Mexican government created the National Technical 

Consultative Committee for the Recovery of Priority Species from which the Technical 

Consultative Subcommittee for the Protection, Conservation and Recovery of Golden Eagle 

emerged (SEMARNAT-INE 1999).  This group was composed of wildlife biologists and 

eagle experts from federal, state agencies, non-governmental organizations, universities, and 

indigenous tribes as well as independent researchers. This working group holds intermittent 

meetings and their output has been low mainly due to the lack of resources that makes 

research and monitoring difficult to pursue. To date, many questions about the ecological 

relationships of the species remain unanswered. 

Composed originally of five main objectives, the Golden Eagle Recovery Plan strived 

to identify golden eagle habitats likely to be recovered and protected (SEMARNAT-INE 

1999).  However, over the years no land has been set aside with the sole objective of 

protecting golden eagle populations or their habitat, in spite of their social and ecological 

importance. Moreover, in the last years only a handful of studies have been conducted in 

Mexico and there are no reliable data on population status, population dynamics and habitat 

relationships (Rodriguez-Estrella 2006, SEMARNAT-INE 1999). 

Based on the findings of my study I present additional suggestions for the long term 

conservation of golden eagles across Northwestern Mexico. I integrate existing information 

on golden eagle ecology and the interrelationships with habitat to evaluate the golden eagle 

situation in Chihuahua, Mexico. The strategy proposes a landscape-level scheme to conserve 

golden eagles in core areas and to restore those areas severely degraded. The strategy 

identifies the limitations and challenges of current protection schemes and explores new 

opportunities for long term conservation of the species. New opportunities and new 

mechanisms, such as adopting sustainable grazing practices and carbon sequestration 

strategies to conserve grasslands and grassland species are considered. These actions together 

with better awareness of the stakeholders, and the implementation of better policies in golden 

eagle conservation will contribute to the conservation of golden eagle populations and their 

habitat.   

 

Keywords: conservation areas, golden eagle, grasslands, habitat restoration, skateholders, 

multi-use landscape. 
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INTRODUCTION  

 

Most studies on golden eagle have dealt mainly with basic biological and ecological 

aspects of the species such as breeding behavior and diet composition, but there have not 

been systematic surveys or any other attempt to estimate populations’ numbers in Mexico. 

The biggest known population before my study was the population of Zacatecas state, which 

had been monitored for over 10 years (Tavizon-Garcia, Zacatecas State University professor, 

personal communication). Other studies in the northern part of Mexico have revealed high 

electrocution rates in the Janos prairies (Manzano-Fischer 2006) and may be useful to derive 

a rough estimate of the population size in the area. In an attempt to address high electrocution 

rates in Janos, some NGOs and the Comisión Federal de Electricidad (CFE) proposed a 

strategy to reduce the electrocutions through the replacement of metal structures by wood 

structures in the power poles.  

Although the mortalities appeared to have been reduced, this action did not totally 

stop the electrocutions, since there are collisions with the wires (Manzano-Fischer 2006). 

Some of these studies have been suspended in some cases due to different causes such as the 

lack of funding, the short term planning, or lately, the increasing security concerns. 

In 2008, the Comisión Nacional de Áreas Naturales Protegidas (CONANP) published 

a series of programs for the recovery of priority species, including the golden eagle. The 

general objective of the Golden Eagle Action Program for the Recovery of the Species 

(PACE for its Spanish initials) is the recovery and conservation of golden eagle populations 

and their habitat within the historical range.  

The particular objectives include: 1) To obtain biological and ecological information 

about golden eagles to develop effective management, recovery and conservation of the 

species and their habitat, 2) To halt and revert the habitat loss processes, particularly those 

affecting the prey populations, 3) To recover golden eagle populations through effective 
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management and conservation of the species, their habitat and their prey, 4) To enforce 

protection and vigilance for the security of Golden Eagle populations, 5) To integrate all 

stakeholders into the actions oriented to protect, manage, recover and conserve golden eagles’ 

populations and their habitats, and 6) To create the conditions for the real success of the 

recovery and conservation objectives of this plan (SEMARNAT 2008). 

The PACE objectives are oriented to the long term conservation of the species, and to 

achieve this objective, having reliable information on golden eagle life requisites is critical.  

The results of my study include an explicit predictive map of golden eagle probability 

of occurrence based on the suitability of the habitat in Chihuahua. The map is useful not only 

to determine where eagles may be surveyed, but also to develop management plans for 

conservation, and represent a baseline for future monitoring and retrospective analysis. I here 

assess PACE objectives 1, 2 and 3 based on the results of my study. 

STATUS OF GOLDEN EAGLE AND ITS HABITAT IN CHIHUAHUA (PACE: 

Aguila real OBJECTIVE # 1) 

Birding surveys provide evidence for the decline of golden eagles in Mexican 

territory, the trend for Chihuahua Desert is  negative (N=24, trend = -0.1 95% CI( -3.2,  3.0) 

for the 1966-2010 period (Sauer et al. 2011). Habitat loss appears to be the driving force of 

this decline and it is believed that populations may be in peril (DOF 2002). In addition, 

factors such as electrocution, collision, shooting, poisoning (Franson et al. 1995) trapping and 

hunting for ornamental purposes, illegal trade of eggs, chicks and adults negatively impact 

golden eagle populations (Rodriguez-Estrella 1991, SEMARNAT-INE 1999, Whitfield et al. 

2004). Besides the causes mentioned, in Chihuahua state, drowning in water tanks may be 

among the causes of mortality (Personal observation). 

The golden eagle is an open-country species that requires large amounts of area to 

live. Grassland and scrubland were the dominant cover types in 30 golden eagle nesting 
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territories in Chihuahua state, Mexico. While desert scrubland represent more than one third 

(36 %) of Chihuahua area, grasslands represent less than one fourth (24%) of the state area.  

However, grassland represented the main cover type in 30 golden eagle nesting territories, 

suggesting that golden eagles preferred grassland over other cover types.  

Reduction in vegetation cover and production by natural and anthropogenic factors 

has been one of the most pressing environmental and socioeconomic problems in arid and 

semiarid regions (Reynolds et al. 2007). Grasslands are one of the most threatened biomes of 

the world because of their intensive use for grazing (Li et al 2012) and their conversion into 

croplands. The grasslands of Chihuahua have been degraded by cattle over several centuries; 

however, some areas could potentially be restored to create a multi-use landscape. Large-

scale grassland conversion into intensively irrigated farmland fragments habitat and degrades 

it due to wind erosion and desertification processes after land abandonment.  This land use 

change is a major threat for all grassland species, including golden eagle. Particularly in 

Chihuahua, large scale conversion of grasslands into intensively irrigated farmlands by the 

Mennonites challenges the survival of many grassland species, including that of golden 

eagles.  

Grassland degradation and desertification are closely related to climate change. 

Habitat loss and climate change and human activities have accelerated grassland degradation, 

wind desertification and dust storms of northern China (Wang et al. 2006, Liu and Wang 

2007).  

In recent years The Mexican Plateau has suffered severe droughts that have seriously 

affected grazing activities and resulted in economic losses for cattle ranchers (Guzman 

Aranda, Alianza Regional para la Conservación de Pastizales DCH Coordinator, pers. 

comm). Grassland conditions may worsen under dry periods and intensive grazing pressure. 

The droughts accompanied with dust storms degrade soil cover and may accelerate the 
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desertification processes. Climate change may cause unpredictable weather conditions, which 

can worsen the degradation of the habitat through reducing vegetation cover due to 

overgrazing, wind erosion, and runoff (Millenium Ecosystem Assessment 2005).  

In Chihuahua, golden eagles selected different components of the landscape 

depending on the scale. At larger scales, open areas appear be the driving force for selection 

while at the  home range scale selection was related to amount of open (grassland) area, 

terrain ruggedness (high slope) and areas associated with lower number of human 

settlements.  

Two golden eagle nesting territories were located in highly disturbed places, 

suggesting that golden eagles may have a high fidelity to nesting areas and tolerate high 

levels of disturbance in existing home ranges.  

During my surveys, I counted at least 60 adult golden eagles (29 pairs, 2 solitary 

adults), 10 nestlings/fledglings, two juveniles, one injured bird, and 10 dead adult/juvenile 

birds. The cause of mortality of seven of the dead birds was drowning in water tanks for 

cattle, two were electrocuted yet one survived, one was allegedly poisoned and another one 

bird was dead of unknown causes. Breeding success was positive in 2010 (1.12 

fledglings/successful pair) and similar to studies in other regions (Beecham and Kochert 

1975, Thompson et al. 1982, Hunt et al. 1998). Although no conclusions can be drawn from a 

single year of monitoring, golden eagles are apparently reproducing with success in 

Chihuahua. A golden eagle pair from Janos attempted to breed but did not succeed. The 

causes are unknown but presumably one of the birds died from poisoning in spring 2010. 

This particular nesting territory is under pressure because of the close proximity to human 

settlements, intensively irrigated farmland, and because it is beside a dirt track.   

Golden eagles were not seen in forested areas where they had been previously 

reported. A cause could be that in the Sierra Madre Occidental area, the predominant cover 
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type is coniferous forest and there is a high density of human settlements compared to the 

grassland and desert area. However, the survey effort was much lower in these areas due to 

the insecurity associated with drug trade. 

 The combination of non-open areas such as coniferous forest that represents lower 

quality good foraging habitat compared with grasslands or scrubland, plus the relatively high 

density of human settlements could be the cause of lower golden eagle numbers in the Sierra 

Madre Occidental.  

Chihuahua populations of golden eagles are currently facing both direct and indirect 

threats. Direct threats include electrocutions, collisions with electric wires, drowning and 

poisoning, although these last are not well documented. The impact of direct threats on the 

demographic structure of the population has not been studied. Although electrocution has 

been documented in some areas of Chihuahua (Manzano 2006), its demographic impact on 

golden eagle populations remains unknown. Moreover, the magnitude of the impact of death 

by collisions, shooting, poisoning and drowning has not been studied and their effects have 

not been evaluated despite a relatively high occurrence in Chihuahua. A new threat will be 

the wind farms placed in breeding, migratory, and wintering ranges.  

Poisoning of golden eagles may take several forms and can have both lethal and 

sublethal effects. Organochlorine compounds and polychlorinated biphenyls (PCBs) are 

responsible for golden eagle population decline in the US (Todd 1989). In Chihuahua 

grasslands, aplomado falcon (Falco femoralis) eggs have been evaluated for toxins and it was 

found that levels of exposure of falcons to persistent organochlorine pollutants (POPs) were 

not elevated, and that exposure to dichlorodiphenyldichloroethylene (DDE) was not a 

concern in Northwestern Mexico; it was also found that PCBs and (polybrominated diphenyl 

ethers) PBDEs were much lower than those observed in raptors from industrialized countries 
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(Mora et al. 2011) and even though if present in eggs, DDE did not affect aplomado falcon 

reproductive output (Mora et al. 2008).  

Although in the US lead poisoning from ingestion of spent lead ammunition is of 

concern (Kramer and Redig 1997), in Mexico this problem may not be as significant since 

sport hunting is not particularly common. Lead poisoning at sublethal levels may predispose 

eagles to exposure to other threats. Another poisoning threat common in Chihuahua is the 

animal carcasses laced with poisons set out to kill pest species like coyotes (Canis latrans) 

mainly but end up affecting all scavengers, including golden eagles.  

However, perhaps the most evident but indirect threat is the loss and degradation of 

habitat as a result of large scale conversion of grasslands into intensively irrigated fields. 

Habitat loss remains as the largest indirect threat for golden eagle populations in Chihuahua 

state and potentially in all Mexican range. Habitat losses are driven by large scale grassland 

conversion to agriculture fields by Mennonites in Northwestern Mexico. Drought and poor 

grassland conditions are forcing people to sell their land to Mennonites, who establish 

intensive irrigated croplands; This land use change modifies the structure of cover types and 

affects prey abundance and availability, thus affecting golden eagle populations as food may 

become scarce.  

Human-eagle conflicts were reported where nesting sites were in proximity to human 

settlements. For example, at San Pedro nesting site (Janos county) one person climbed with 

his dog to the nest and the dog ate the nestling (J. Harris, wildlife photographer, personal 

comm.). In the same nesting territory, I observed a recently refurbished nest with an empty 

beer can inside the nest cup in spring 2010, and numerous stones in the nest cup and in 

alternate nests. Although cows may have caused the stones to fall into the nests, I believe is 

highly likely that people threw stones into the nest. Because of this, education and awareness 

are key to achieve the goal of minimizing human-eagle conflicts. Public awareness should be 
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promoted through permanent outreach programs highlighting the importance of nature and 

golden eagle conservation.  

GOLDEN EAGLE HABITAT PROTECTION AND RESTORATION (PACE: Aguila 

real OBJECTIVES # 2 AND 3) 

Often, top predators contribute to the equilibrium of ecosystems by controlling prey 

populations through top-down mechanisms (Terborgh and Estes 2010) thus they may be good 

indicators of ecosystem health because of their essential role within ecosystems. Their role 

becomes more evident as their population dynamics change though the effect of natural or 

human forces.  

The golden eagle is one of the most protected of the top predators in North America. 

It is protected in the three countries where it occur (Lacey Act 1900, FWCA 1917, MBTA 

1918, BGEPA 1940, DOF 2002). However, despite this protection, it is known that their 

populations are declining though its North American range (Hoffman and Smith 2003, Smith 

et al. 2008) including Mexico (Sauer et al. 2011).  

In Mexico and some other areas in the US, habitat loss is the main force driving 

decline of golden eagle, but also high mortality rates caused by electrocution, collisions, and 

trapping and shooting contribute to the decline (Franson et al. 1995). The US golden eagle 

population size has been estimated in 21,000–35,000 individuals (Good et al 2004, 2007), but 

this estimate does not include Canadian or Alaskan birds. No population size estimates exist 

in their Mexican range. 

To restore golden eagle populations and guarantee their long-term viability, several 

actions are essential. First, I recommend the protection of known home ranges from any 

further disturbance that may affect golden eagles. Second, grasslands should be protected 

from further land use conversion and restored if possible, since they are highly threatened 

globally and regionally and are preferred habitat by golden eagles in Chihuahua. Grassland 
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conservation can only be achieved and maintained over the long-term if sustainable practices 

of grazing and farming are adopted by all farmers and cattle ranchers. Protection of large 

areas is necessary to protect as many golden eagle territories as possible. Third, adopt 

sustainable grazing system through sustainably managing prairies to adjust carrying capacity 

to grassland condition and avoid overgrazing. Stakeholders must be convinced that grassland 

condition will improve by adopting these sustainable grazing practices. Special social 

adjustments should be taken in communally owned land on individual basis to avoid what 

Hardin (1968) called ‘the tragedy of the commons’.   

Habitat restoration should include promoting grassland cover with interspersed shrubs 

to promote prey cover. The restoration of the habitat should take into consideration spatial 

heterogeneity (Noss et al. 1999) and differences in land ownership and management. 

Restoration of degraded grasslands can be achieved by different methods, which should be 

evaluated prior to be implemented. These methods could potentially include decreasing 

livestock numbers per unit area (carrying capacity), fencing grasslands, rotating the use of 

grass lots, building irrigated forage production bases, mechanical/chemical removal of 

encroaching shrubs, halting wind erosion, planting native grass species and if necessary, 

fertilizing them.  

During my fieldwork, I realized that most local people have a relatively little 

knowledge of golden eagle biology and ecology, but are willing to protect them. Many of the 

locals have never seen golden eagles and think they are extinct. They easily confound golden 

eagles with other species such as red tailed hawk (Buteo jamaicensis), Harris hawk 

(Parabuteo unicinctus), Swainson's hawk (Buteo swainsoni) and even with turkey vultures 

(Cathartes aura), situation which makes golden eagles to remain relatively safe. In general, 

people have a relatively high degree of acceptance for golden eagles.  
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In addition to government agencies such as the Mexican National Commission for the 

Natural Protected Areas (CONANP) and the Mexican National Commission for the 

knowledge and Use of Biodiversity (CONABIO) , some NGOs such as PROFAUNA A.C. 

and Fondo Mexicano Para la Conservacion de la Naturaleza, A.C., and other stakeholders 

have demonstrated the willingness to protect the species, therefore conservation efforts can 

be considered.  For golden eagle’s sake, having a common goal nationwide and locally 

implemented actions with specific and detailed steps is crucial for conserving the species and 

the habitat.  

My research identified at landscape level the areas with highest potential for golden 

eagle occurrence (Fig 2.2, Chapter II) across Chihuahua state based on the landscape 

attributes necessary to support the species.  Distance between breeding territories in 

Chihuahua varied across landscape, but the minimum distance between two territories in 

Ahumada county, Chihuahua was 3 km, and both territories produced fledglings in 2010, 

suggesting high quality habitat for this species in that particular area (but see VanHorne 

1983).  

I classified landscape into four different zones based on the potential to support 

golden eagles. The green zones (Probability > 0.75) has the highest potential for golden eagle 

occurrence in optimum conditions (Fig. 2.2, Chapter II). These areas should be protected 

against land use change. Large areas should be protected under the Natural Protected Areas 

conservation scheme.  The yellow zones (0.50 < Probability < 0.75) also has a moderately 

high potential with a low human settlement density and a combination of grassland and steep 

slopes (Fig. 2.2, Chapter II). These yellow zones should be set apart as buffer areas. Habitat 

restoration should be done in those places where golden eagles nesting territories occur and 

habitat was identified as low quality, like in San Pedro, Janos county.  
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Although the model identified equally the northeastern part of the state, which is 

covered mainly with desert shrubs and the southwestern part which is mainly coniferous 

forest regarding habitat quality, probability of occurrence may be higher in the desert portion 

given the higher amount of prey and the predominant open spaces than in the Sierra Madre 

Occidental area.   

However, priority should be given to grasslands adjacent to rocky areas. The ultimate 

goal to achieve is the long term viability of the species.  

The average probability of occupancy for the zones with the highest (>0.75) 

probability of golden eagle occurrence (12,541 km
2
) was 0.88. Assuming that the average 

home range core area modeled in my research (about 30 km
2
), Chihuahua state has the ability 

to support 443 breeding pairs in the highest probability areas.  

Conservation goals can be set using the model from my research as a baseline for 

monitoring future changes from proposed management actions. Areas that meet the 

requirements for golden eagles occurrence that have a lower level of potential occupancy 

should be evaluated for restoration, and goals set to improve quality of habitat in breeding 

grounds, an adequate amount and quality of prey animals must be available. Habitat 

management in these areas should include low human related disturbances and promote prey 

abundance and availability. All golden eagle territories must have legal protection. 

Conservation efforts should include all stakeholders: government at the three levels, 

NGOs, land owners, academic institutions, researchers and general public. Strategies should 

be targeted at different governance levels (federal, state, local) and emphasize on ecosystem 

health as measure of success. Laws and regulations should be adjusted as necessary and 

strictly and consistently enforced.  

Recently declared as a Biosphere Reserve, “Janos” is the only Chihuahua Protected 

Area large enough to maintain a subpopulation of resident golden eagles, and it is also a 
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significant wintering ground for migrant golden eagles from northern latitudes, yet the state 

has high potential for golden eagle occurrence in other areas. Therefore, to protect the species 

and ensure its genetic variability, additional large areas should be set aside under the Natural 

Protected Areas scheme to protect as many golden eagle pairs as possible and guarantee the 

long term viability of the golden eagle populations.  

FUTURE RESEARCH AND MANAGEMENT 

To achieve the goal of golden eagles conservation, it is critical to have a thorough 

understanding of their ecology and the interrelationships with habitat. Habitat use and 

population density are poorly understood and should be of high priority for future study. 

Basic unanswered questions about Mexican populations include the following: estimation of 

population size, geographic distribution, interrelationships between habitat and golden eagles, 

interrelationship between eagles and prey, juvenile dispersion and seasonal migration.  

Also, additional research to assess and understand the effect of humans on golden 

eagle populations, especially a) effects of habitat loss, degradation and fragmentation on 

eagle habitats and population persistence, b) evaluation of different mortality sources on 

populations (electrocution, collision, poisoning, drowning, shooting),  c) Assessment of 

pesticides used in agriculture fields on reproduction,  d) assessment of take for ornamental 

purposes.  

Management for golden eagles in Chihuahua should focus on protecting habitat by 

regulating land use change and strictly enforcing it, and restoring degraded habitat. 

Additional regulatory protections may be warranted for this species, at the federal, state and 

local levels to ensure the success of conservation plans. Other focused actions should 

consider minimizing mortality rates from electrocution, collision, poisoning, drowning and 

shooting. These actions should be strictly enforced by law. These legal protections must not 

impede the research required to understand the basic ecology of golden eagles in Mexico.  
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Golden eagles can and should be used as the keystone species for protecting habitat 

and co-occurring species for an integral restoration of grassland ecosystem. They are symbol 

of national identity in Mexico and are highly respected by people, therefore they are a flag 

species, and finally, because their large home ranges, golden eagles can be an umbrella 

species such that their protection will benefit many other grassland species.  

CONCLUSIONS 

PACE is a very thorough guide for long term conservation of golden eagles in 

Mexico. Is it, in general, a solid and technically viable document but lacks direction on how 

to address the fundamental needs to achieve the main goal of restoring Golden eagle 

populations and their habitat. Having a good understanding of golden eagle ecological 

relationships with their habitat is crucial to address any conservation strategy. Gathering such 

information only is plausible through funding research projects that seek to answer these 

questions about Golden eagles and their habitat.  

Golden eagle conservation programs in Mexico should be oriented to protect 

grasslands. The PACE-Aguila Real should consider existent conceptual frameworks like the 

North American Grassland Priority Conservation Areas (NAGPCAs) and the Plan Maestro de 

la Alianza Regional para la Conservación de los Pastizales del Desierto Chihuahuense. 

(PMARP 2012). The NAGPCAs are grassland zones identified by the Commission for 

Environmental Cooperation (CEC and TNC 2005) for conserving grasslands throughout 

North America. The PMARP seeks to promote the sustainable use of grasslands by all 

skateholders while conserving wild flora, fauna and all natural resources in this biome. The 

grassland conservation areas are officially recognized in the three countries and should be 

considered the medullar point of golden eagle long term conservation. In Mexico, the GPCAs 

are recognized by CONANP.   
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Currently, there is nationwide effort to study golden eagles in different regions of 

their Mexican range. Several researchers are participating including government agencies 

(CONABIO, CONANP). Additionally, some Mexican NGOs are also participating in golden 

eagle conservation programs, seeking to increase the awareness of the golden eagle for all 

stakeholders as well as the general public. These likely will bring further positive change 

among the stakeholders.  

I believe PAC-Águila Real  is a very useful guide to recover golden eagle populations 

in Mexico, however, I strongly recommend government agencies fund research on golden 

eagle population dynamics and habitat use as a first step to develop any conservation strategy 

other than protecting already known breeding areas.  Additionally, establishing working 

groups that include all stakeholders, including private land owners ad ejidos, at regional 

levels is highly recommended to create a participative environment with a common goal.  
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