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ABSTRACT 

Red-tailed hawks {Buteo jamaicensis), Swainson's hawks (Buteo swainsoni), 

great homed owls (Bubo virginiaus), and ravens (Covus corax and C. cryptoleucus) occur 

sympatricaDy in desert grasslands in Arizona. Desert grasslands have been invaded by 

trees since Anglo-American settlement. They may also be subject to greater human 

disturbance than historically, because of recent increases in illegal immigration along the 

U.S.-Mexico border. These changes may affect the abundance, diversity, competitive 

interactions, and reproductive success of raptors and corvids in desert grasslands. I 

studied raptors and corvids on the Santa Rita Experimental Range (SRER) and Buenos 

Aires National Wildlife Refuge (BANWR) in southern Arizona. My objectives were to 

(1) assess how spatial relationships among nesting raptors and corvids affect reproductive 

success, (2) identify characteristics of the environment selected by members of the 

assemblage for nest sites and home ranges, (3) identify similarities and differences in nest 

site and home-range characteristics among species, and (4) investigate how 

anthropogenic changes in desert grasslands have affected raptors and corvids. 

Productivity (X [95% CI]) was high for red-tailed hawks on the SRER (1.82 [1.41,2.23] 

young per breeding pair [YPB]), but low for all species on the BANWR (great homed 

owls: 0.96 [0.54, 1.38] YPB; ravens: 1.75 [1.39, 2.10]; red-tailed hawks: 1.04 [0.83, 

1.24]; Swainson's hawks: 0.91 [0.67, 1.16]) relative to range-wide averages (great 

homed owls: 1.42 [1.27, 1.56]; ravens: 2.39 [2.70, 3.07]; red-tailed hawks: 1.35 [1.20, 

1.50]; Swainson's hawks: 1.34 [1.23, 1.45]). All species on both sites selected nest sites 

with taller nest trees and greater tree volume than available at random. Swainson's 



hawks selected home ranges with greater grass volume than available on BANWR. 

Overlap in habitat use was high among all species, exceeding 54% for nest trees, 80% for 

nest sites, and 90% for home ranges. Mesquite-dominated desert grasslands seemed to 

provide high quality habitat for red-tailed hawks on the SRER, but reproductive success 

for assemblage members on BANWR was poor. We suggest that competition, resulting 

from high habitat overlap, and human disturbance by illegal immigrants, has depressed 

raptor and corvid reproductive success on the BANWR. 



INTRODUCTION 

Red-tailed hawks (Buteo jamaicensis), Swainson's hawks (Buteo swainsoni), 

great homed owls {Bubo virginiaus), and ravens (Covus corax and C. cryptoleucus) are 

common members of grassland commimities throughout the western United States 

(Preston and Beane 1993, England et al. 1997, Houston et al. 1998, Boarman and 

Heinrich 1999). These 5 species occur syn^atricaUy in the desert grasslands of southern 

Arizona where they comprise a raptor and corvid assemblage. All these species are 

approximately the same size, share overlapping breeding seasons, nest in stick nests in 

trees, have similar dietary requirements, and display similarities in nest-site and home-

range selection (Preston and Beane 1993, England et al. 1997, Houston et al. 1998, 

Boarman and Heinrich 1999). Niche theory suggests that these species cannot coexist 

unless they differ in some aspects of resource use (Gause 1934, Hardin 1960, MacArthur 

and Levins 1967). Therefore, if these species form a persistent assemblage, we would 

expect to see differences in resource use (Schoener 1974). However, changes in 

environmental characteristics of a community may create temporary assemblages where 

the processes of competitive exclusion or the development of mechanisms for 

coexistence have not yet had time to fully develop (Soule 1990, Byers 2002). The abiUty 

of species to diverge from competitors will be affected by the nxmiber of species of 

similar ecologies that occur sympatrically and the structural composition of the 

environment (Orians and Willson 1964). 

Desert grasslands in the United States have been substantially altered since 

Anglo-American settlement of the southwest in the 1870s. Trees, shrubs, and non-native 



grasses have invaded desert grasslands as a result of &e suppression and grazing, altering 

the structure of the landscape (Bahre 1995, USFWS 2000, McClaran 2003). Similar 

changes in other western grasslands have resulted in changes in raptor abundance, 

diversity, and competitive interactions as species have become more widely sympatric 

than they were historically (OlendorfiF 1975, Schmutz et al. 1980, Janes 1994). Changes 

in the structure of desert grasslands have also been accompanied by an increased human 

presence in remote areas along the U.S. - Mexico border as illegal immigration has 

increased through the end of the 20*'' and beginning of the 21®* centuries (Scarlett 2002). 

All of these changes have occurred in a relatively brief period of time. Because structural 

changes in the environment are known to affect raptor abundance, diversity, and 

competitive interactions, and hiraian disturbance is known to negatively affect raptor 

reproductive success (Fyfe and Olendorflf 1976, White and Thurow 1985, Knight and 

Skagen 1986), raptor assemblages in desert grasslands may experience lowered 

reproductive success, shifts in assemblage composition, and possibly even local 

extirpations. 

I studied a raptor and corvid assemblage in mesquite-invaded desert grasslands of 

southern Arizona. My objectives were to (1) assess how spatial relationships among 

nestiag raptors and corvids aflfect reproductive success, (2) identify characteristics of the 

environment selected by members of the assemblage for nest sites and home ranges, (3) 

identify similarities and differences in nest-site and home-range characteristics among 

species, and (4) investigate how anthropogenic changes in desert grasslands affect raptor 

and corvid assemblages. 



PRESENT STUDY 

The methods, results, and conclusions of this study are presented in manuscripts 

appended to this dissertation. The following is a summary of the most important findings 

in these manuscripts. 

I studied red-tailed hawks on the Santa Rita Experimental Range (SRER) and red-

tailed hawks, Swainson's hawks, great homed owls, and ravens on the Buenos Aires 

National Wildlife Refuge (BANWR). The BANWR is approximately 73 km southwest 

of Tucson, Arizona, whereas the SRER is approximately 40 km south of Tucson (Figure 

1). Both sites are similar in environmental characteristics, but elevation changes more 

rapidly on the SRER than on the BANWR. These two study sites are separated fi-om 

each other by 42 km and a mountain range (Sierrita and Cerro Colorado Mountains). 

BUENOS AIRES NATIONAL WILDLIFE REFUGE 

Habitat Selection 

To assess habitat selection by the members of this assemblage, 1 compared 

characteristics of nest sites and home ranges of each species to characteristics of 

randomly selected plots. 

Nest sites vs. Study Site 

All species used nest sites with taller nest trees (p<0.001 for all species, t-test), 

greater tree height and volimie, and lower shrub volimie than available at random on the 
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Figure 1. Location of raptor and corvid study areas (A) Arizona counties showing the 
location of study areas in southern Pima County (B) Location of study areas relative to 
Tucson, Arizona. 



study site (Appendix A, Table 3). In addition, red-tailed hawks selected sites with lower 

grass volume (Appendix A, Table 3) 

Nest sites vj. Home ranges 

All species selected nest trees with greater height and volume (P < 0.001 for all 

species, paired t-test) than randomly selected trees within their home ranges. All species 

also selected nest sites with greater tree height and volume (P < 0.007 for all species, 

paired t-test) than available at random within their home ranges. Great homed owls 

selected sites with lower shrub volume than available at random in their home ranges 

whereas red-tailed hawks and ravens selected sites lower in both shrub volimie and 

elevation (P < 0.035 for aU 3 species for shrub volume; P < 0.001 for red-tailed hawks 

and P = 0.062 for ravens for elevation; paired t-tests). 

Home ranges vs. Study Site 

Swainson's hawks selected home ranges with greater grass volume than available 

at random on the study site and were the only species to select for home-range 

characteristics that differed from random (Appendix A, Table 4). 

Habitat Partitioning 

To compare nest-site and home-range use among species, I used the same 

variables that were measvired for the habitat selection portion of this study. Nest tree 

characteristics were compared using t-tests with Bonferroni corrections. Discriminant 

fianction analysis (DFA) was used to analyze nest-site and home-range characteristics. 

Overlap in use of nest-tree characteristics was calculated using the formula: 



0 = IPiqi/(IPi'lqiY'' 

where pi is the proportional use of nest tree characteristic i by one species and qi is the 

proportional use of nest tree characteristic i by a second species (Pianka 1973, Restani 

1991). Overlap in nest-site and home-range use among species was calculated from 

discriminant scores using the formula: 

0 = exp[-d^/2(Si+S2)] 

where d is the distance between species centroids and Si and S2 are the variances of the 

discriminant scores for each species (Maurer 1982, Bosakowski et al. 1992). 

Red-tailed hawks selected nest trees that were taller than those of both Swainson's 

Hawks and ravens {P = 0.03 for ravens, P < 0.01 for Swainson's Hawks, t-test with 

Bonferroni correction), but no differences existed among any other species in the height 

of nest trees selected (P > 0.1 for all other species comparisons). Species did not show 

strong differences in nest-site or home-range use (Appendix A, Table 6). The lack of 

diiferences in nest-site and home-range selection were reflected in high overlap in habitat 

use. Overlap in habitat use among species was >54% for nest tree characterisics, >80% 

for nest-site characteristics, and >90% for home-range characteristics (Appendix A, Table 

5). 

Reproductive Success 

Species in this assemblage had poor reproductive success compared to results of 

other studies reported in the literature (Appendix B, Tables 3-5). Number of yoimg 

fledged per breeding pair (X [95% CI]) was 0.96 (0.54, 1.38) for great homed owls, 1.75 
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(1.39,2.10) for ravens, 1.04 (0.83, 1.24) for red-tailed hawks, and 0.91 (0.67, 1.16) for 

Swainson's hawks. 

Nest success of red-tailed hawks and ravens was negatively affected by proximity 

and density of neighboring raptors and corvids. Nest success of red-tailed hawks and 

ravens increased as the distance from a nest to its nearest conspecfic neighbor increased 

(Appendix B, Table 6). Nest success of red-tailed hawks and ravens decreased as the 

density of nesting conspecifics and interspecifics around a nest site increased (Appendix 

B, Tables 7-10). 

SANTA RITA EXPERIMENTAL RANGE 

Reproductive Success and Nest-site characteristics 

To assess nest-site selection in red-tailed hawks on the SRER, I compared nest-

site characteristics to random plots. Red-tailed hawks on SRER selected nest-site 

characteristics that were similar to those selected on the BANWR. Red-tailed hawks on 

the SRER selected nest sites with greater nest-tree height {P = 0.001, logistic regression) 

and greater nest-site tree volume {P = 0.037) than available at random. Red-tailed hawks 

on the SRER averaged 1.82 (1.41, 2.23) yoimg per breeding pair (X [95% CI]). 

CONCLUSIONS 

High habitat overlap recorded among species on the BANWR may be a product 

of historical and continuing changes in desert grasslands since Anglo-American 

settlement and may be partly responsible for the low reproductive success of species in 



this assemblage. In a little over 100 years, grazing and fire suppression have transformed 

desert grasslands in the southwest fi-om open landscapes with low structural diversity to 

mesquite savannahs dominated by trees, shrubs, and non-native grasses (Bahre 1995, 

USFWS 2000, McClaran 2003) (Appendix B, Fig. 4). Expansion of trees into grasslands 

is known to increase abundance, diversity, and competitive interactions of raptors by 

increasing the availability of nest sites and hunting perches (Olendorfif 1975, Schmutz et 

al. 1980, Janes 1994). Because organisms adapt to present environmental conditions, 

members of this assemblage may have difficulty partitioning resources while the 

landscape is in a process of constant and rapid change. Significant increases in raven 

populations in the southwest (-1500%) over the last 30 years (Boarman and Berry 1995) 

may have intensified the competitive environment on our study site because the ability of 

a species to diverge fi-om a competitor is influenced not only by the structural complexity 

of the environment, but also by the number of sympatric species of similar ecologies 

present (Orians and Willson 1964). 

Human disturbance may also be partly responsible for low reproductive success 

on the BANWR. Raptors are known to be sensitive to human disturbance which may 

cause nest abandonment, increased nest predation, disrupted feeding patterns, increased 

energy expenditures, and reduced rates of prey delivery (Fyfe and OlendorflF 1976, White 

and Thurow 1985, Knight and Skagen 1986). Our study site, which abuts the U.S.

Mexico Border, is an important corridor for trafficking in drugs and illegal immigrants. 

An estimated 25,915 imdocumented aliens (UDAs) pass through the refiige each year, 



concentrating in riparian areas, washes, and other low-lying areas where birds of prey 

frequently nest (Scarlett 2002; Appendix A; RJH, personal observation). 

Red-tailed hawk research on the SRER indicates that mesquite-dominated 

(Prosopis velutina) desert grasslands can provide high quality habitat for some raptors, 

but research on the BANWR indicates that the quality of the habitat may be mitigated by 

the presence of competition and human disturbance. 
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Abstract. Red-tailed Hawks {Buteo jamaicensis), Swainson's Hawks (Buteo 

swainsonii). Great Homed Owls {Bubo virginianus), and Common and Chihnahuan 

Ravens (Corvus corax and C. cryptoleucus) coexist in desert grasslands of southern 

Arizona. We studied habitat selection and partitioning in this assemblage. All species 

selected nest trees that were taller than randomly selected trees and selected nest sites 

with greater tree height and volxime and lower shrub volume than available at random on 

the study site. Swainson's Hawks selected home ranges with greater grass volume than 

available at random on the study site and were the only species to select for specific 

home-range characteristics. All species showed moderate to high overlap (54-83%) in 

characteristics of nest trees used and high overlap in characteristics of nest sites (81-

100%) and home ranges (91-100%) used. We suspect that high habitat overlap in this 

assemblage is a product of historical and on-going changes in desert grasslands. 

Key Words: corvids, desert grasslands, habitat selection, raptors, resource 

partitioning 



INTRODUCTION 

Red-tailed Hawks {Buteo jamaicensis), Swainson's Hawks {Buteo swainsonii). Great 

Homed Owls (Bubo virginianus), and Common Ravens (Corvus corax) occur 

sympatrically throughout large portions of their ranges in western North America. They 

are similar in size, diet, habitat use, and, with the exception of Great Homed Owls, 

activity time (Preston and Beane 1993, England et al. 1997, Houston et al. 1998, 

Boarman and Heinrich 1999). These similarities, and numerous accounts of agonistic 

interspecific interactions among these species (Smith 1969, Seidensticker and Reynolds 

1971, Smith and Murphy 1973, Olendorfif 1975, Dimkle 1977, Schmutz et al. 1980, 

Houston and Bechard 1983, Janes 1985), suggest that they are potential competitors. 

Competition and niche theory suggest that, where similar species coexist, they 

must partition resources to reduce competition (Gause 1934, Hardin 1960, MacArthur 

and Levins 1967). Three resource dimensions that may be partitioned to allow 

coexistence are habitat, food, and time. Habitat is the most commonly partitioned 

resource in a variety of different organisms and environments, followed by food and 

time, respectively (Schoener 1974). Habitat dififerences are common among similar-sized 

sympatric raptors (Smith and Murphy 1973, Schmutz et al. 1980, Titus and Mosher 1981, 

Janes 1985, Bechard et al. 1990) and seem to play an important role in permitting their 

coexistence (Janes 1985). Food and time seem relatively unimportant in permitting their 

coexistence (Smith and Murphy 1973, Schmutz et al. 1980, Jaksic 1982, Jaksic and 

Braker 1983, Restani 1991), except, possibly, between diurnal and nocturnal raptors 

(Marti and Kochert 1995). 



We studied an assemblage of raptors and corvids in a mesquite-invaded (Prosopis 

velutina) desert grassland in southern Arizona. The assemblage consisted of Red-tailed 

Hawks, Swainson's Hawks, Great Homed Owls, Common Ravens, and Chihuahuan 

Ravens (Corvus cryptoleucus). Desert grasslands in the southwestern United States have 

been invaded by trees, shrubs, and non-native grasses because of &e suppression and 

grazing that began with Anglo-American settlement in the late 1800s. Similar changes in 

other grassland types have made many species more widely sympatric than they were 

historically and caused raptor abundance, diversity, and competitive interactions to 

increase (Olendorff 1975, Schmutz et al. 1980, Janes 1994). If the coexistence of 

sympatric raptor species depends primarily on habitat partitioning, changes in the 

composition and structure of desert grassland communities could have altered the 

competitive environment that permits their coexistence (Soule 1990, Byers 2002). Our 

objectives were to (1) identify characteristics of the environment selected by members of 

the assemblage for nesting and foraging, (2) identify similarities and differences in nest-

site and foraging habitat among species, and (3) determine if habitat partitioning seems 

sufficient to allow the co-occurrence of the members of this assemblage despite changes 

in the structure and composition of their environment. 

METHODS 

STUDY AREA 

The study area was a 410 km  ̂block of the Buenos Aires National Wildlife Refuge, 

located approximately 73 km southwest of Tucson in Pima County, Arizona. The 

southern boundary of the refuge is coincident with the U.S. - Mexico international 
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border. Red-tailed Hawks, Swainson's Hawks, and Great Homed Owls are the most 

common birds of prey on Buenos Aires National Wildlife Refuge, but Bam Owls {Tyto 

alba). Cooper's Hawks (Accipiter cooperii), Crray Hawks (Astruina nitida). Long-eared 

Owls (Asio otus). White-tailed Kites {Elanus leucurus), and Zone-tailed Hawks {Buteo 

albonotatus) are also present (RJH, unpublished data). 

The study site ranges from 935 m to 1156 m elevation and is composed primarily 

of desert grasslands. Desert grasslands in Arizona form a perennial grass-scrub 

dominated landscape transitioning into desertscrub at lower elevations and oak-pine 

woodlands at higher elevations (Brown 1994). Desert grasslands on the Buenos Aires 

National Wildlife Refuge receive between 300 and 500 mm of rain a year (USFWS 2000) 

in a bimodal distribution with over half the reiin felling between April and September and 

the rest falling during the winter months (Brown 1994). Summer rains are usually 

torrential and localized whereas winter rains are generally milder and more-wide spread 

(USFWS 2000). Temperature extremes on Buenos Aires National Wildlife Refuge may 

range from lows of-13° C in the winter to highs of 44° C in the simimer (USFWS 2000) 

with freezing temperatures occurring usually <100 days a year and temperatures > 38° C 

occurring several days a year (Brown 1994). 

NEST SEARCHES 

From January through July 2000 and March through July 2001, we used both driving and 

walking surveys to search the entire study area for all large stick nests constmcted by 

raptors or corvids (Fuller and Mosher 1987). In 2000, we drove all roads within the study 

area at 15-25 kph searching both sides of the roads. Most roads were searched in both 



directions (coming and going) to increase the chances of detecting a nest. Because most 

nest structures located in 2000 were still present in 2001, road surveys for new nests built 

in 2001 were conducted while checking the status of nests located in 2000. Driving 

surveys covered 625 km of road. 

We planned walking surveys to cover as much non-roaded area of the BANWR as 

possible. Areas not accessible by roads were searched on foot by walking in a zig-zag 

pattern between roads imtil an entire roadless area had been searched. This process was 

repeated until all roadless areas had been searched. Following initial surveys, we plotted 

the walking routes that we had surveyed and searched areas that were not adequately 

covered by initial surveys. Search effort was proportionally greater for areas with thicker 

vegetation to account for decreased visibility of nests. Total walking distance surveyed 

was 1120 km. 

We recorded the location of all nests using a hand-held Global Positioning System 

(GPS) (Garmin, Inc.) and identified breeding pairs of all birds of prey. Because of the 

taxonomic similarity of Common and Chihuahuan Ravens and the difficulty of accurately 

distinguishing them in the field, we grouped them together in all aspects of this study. 

Pairs of all study species were considered breeding if eggs, yoimg, or incubating adults 

were present during a nest check (Steenhof 1987). We revisited all stick nests once a 

month from March through July of both seasons to determine which nests were occupied. 

HABITAT SELECTION 

Nest Sites. We measured nest-site characteristics of 29 breeding pairs of Red-tailed 

Hawks, 18 breeding pairs of Great Homed Owls, 26 breeding pairs of Swainson's 
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Hawks, and 33 breeding pairs of ravens (Table 1). The nest-site scale was defined as an 

area within an 11.3 m (0.04 ha) radius circle centered on the nest tree (Fig. 1) (Morrison 

et al. 1998). Nest sites that fell within the home ranges (see below) of nest sites sampled 

in 2000 were not sampled in 2001. The Buenos Aires National Wildlife Refuge has an 

annual prescribed burn program that occurs in the middle of the breeding season. Nest 

sites that burned after selection by birds were removed from nest sites available for 

sampling because they would not be representative of the conditions present at the time 

of selection. 

At each nest site, we measured the height of all trees and measured canopy 

diameter as the average of two diameter measurements perpendicular to each other across 

the tree canopy. We considered woody plants > 1 m tall to be trees and woody plants < 1 

m tall to be shrubs. Nest heights were measured from the ground to the bottom of the 

nest cup. All height estimates were calibrated with a 3 m tall measuring pole. We 

sampled elevations from a 30 m Digital Elevation Model (DEM) using Arclnfo 

Geographic Information System (GIS) software version 7.2.1 (Envirorunental Systems 

Research Institute, Inc. 1998). We measured the height of shrubs and grasses and the 

percent cover of shrubs, grasses, and bare ground within a 2.3 m radius subplots 

randomly placed inside the 11.3 m radius plot (Bonham 1989). 

We used data collected in the field to derive the following variables: Nest-tree 

Height, Nest-tree Volume, Nest Height, Tree Height, Tree Volume, Shrub Volume, Grass 

Volume, Bare Ground, and Elevation. Tree volumes were calculated as the volume of a 

cylinder with diameter equal to the average of the two canopy measurements and height 



equal to the height of the tree minus the distance from the ground to the start of the 

canopy. Shrub Volume and Grass Volume were calculated as the areal coverage (m^) of 

shrubs or grasses, respectively, within the 2.3 m radius plot multiplied by the height of 

the shrubs or grasses, respectively. We calculated Tree Height as the average height of 

all trees on a plot. Tree Volume was the sum of the volume of all trees on a plot. 

To characterize the landscape available to raptors and corvids, we sampled 100 

randomly selected plots throughout the study area (Fig. 1). Random plots were selected 

using GIS. We created a grid of potential sample points 100 m apart covering the entire 

study area and selected 100 points at random. We navigated to the coordinates of the 

random plots using a hand-held GPS imit (Garmin, Inc.). 

At each randomly selected location we located the nearest tree > 3 m tall and 

centered an 11.3 m radius circular plot on that tree. All vegetation characteristics 

measured within nest-site plots were also measured within randomly selected plots. The 

tree that formed the center of a randomly selected plot served as a randomly selected nest 

tree. All nest-tree characteristics recorded for actual nest trees were also recorded for the 

randomly selected trees. Nest height was not recorded for randomly selected trees 

because no nests were present in randomly selected trees. 

Nest Sites from Home Ranges. "Home ranges" for each breeding pair were 

delineated by centering a circle on the nest tree with a radius equal to the average radius 

of home ranges reported in the literature for each species (1.0 km for Red-tailed Hawks 

[Fitch et al. 1946, Smith and Murphy 1973, Petersen 1979, Janes 1984]; 1.1 km for Great 

Homed Owls [Smith and Murphy 1973, FuUer 1979, Petersen 1979, Rohner 1997]; 1.4 
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km for ravens [Craighead and Craighead 1956, Smith and Murphy 1973, Linz et al. 

1992]; 1.7 km for Swainson's Hawks [Craighead and Craighead 1956, Smith and Murphy 

1973, Fitzner 1978, Bechard 1982, Woodbridge 1991, Andersen 1995]). We chose 

circular home ranges based on the assumption that the nest site is the center of activity of 

each pair during the breeding season. A random point was selected within the home 

range of each breeding pair to compare nest-site characteristics with resources available 

to the pair within their home range. This created a paired design between each nest site 

and a random plot within a pair's home range (Fig. 1). The random paired plot within 

each home range was selected in the same way as random plots for the study area, except 

that the pool of available random points for selection was limited to those points that fell 

within the home range of a breeding pair. The random paired plot within each home 

range was located and sampled in the same way as randomly selected plots on the larger 

study area. 

Home Ranges. In addition to nest-site selection, we examined characteristics of 

the "home ranges" of 32 breeding pairs of Red-tailed Hawks, 16 breeding pairs of Great 

Homed Owls, 23 breeding pairs of Swainson's Hawks, and 30 breeding pairs of ravens 

(Table 2). Home-range plots were selected and sampled in the same way as random 

paired plots, except that we selected three random plots within the home ranges of each 

breeding pair, instead of one (Fig. 1). For analysis of home-range data, we averaged 

variable values for the three home-range plots to create a single average plot value for 

each home range. Because perch densities on bird of prey home-ranges may affect the 

outcome of competitive interactions (Janes 1994), we included a variable called Perches 



in the home range analyses which represented the average number of trees > 3 m tall on a 

home-range plot. We characterized the landscape on the study site for comparison with 

home-range characteristics by selecting, locating, and sampling 100 random points in the 

same way that we selected, located, and sampled random points on the study site for 

comparison with nest site data. Home-range plots, and the random plots that we 

compared them to, were sampled where they fell rather than centering them on the 

nearest tree, and, therefore, we did not measure any nest-tree characteristics (Fig. 1). 

STATISTICAL ANALYSES 

Nest Trees. We used student t-tests to test for differences between characteristics of nest 

trees of each species and characteristics of randomly selected trees. We used one-way 

analysis of variance (ANOVA) to test for differences in nest-tree characteristics among 

species. Variables identified as important by ANOVA were analyzed with student's t-

tests with Bonferroni corrections to test for differences among species pairs. 

We calculated overlap in nest-tree characteristics using Pianka's (1973) niche 

overlap formula: 

0 = lpiqi/(lp'lq')'° 

where pi is the proportional use of nest-tree characteristic i by one species and qi is the 

proportional use of nest-tree characteristic i by a second species (Restani 1991). Overlap 

values may range from zero to one with one indicating complete overlap. Because nest 

height and nest-tree volume were highly correlated (r > 0.7) with nest-tree height, we 

only used nest-tree height and nest-tree species to calculate overlap in nest tree 



characteristics. For calculating overlap, we grouped tree heights into tree height classes 

with each class being equal to 1 m in tree height. 

Nest Sites and Home Ranges. We used four discriminant function analyses 

(DFA) to identify which variables best described the differences between nest sites and 

home ranges of each species and randomly selected plots. We did not use stepwise 

discriminant analysis because of the relatively small number of variables entered into 

each analysis and because we used the results of the discriminant analysis to calculate 

niche overlap between the different species (Maurer 1982, Bosakowski et al. 1992). 

Stepwise procedures may bias the results of niche overlap calculations because only the 

most discriminating variables between species will be entered into the calculations 

(Maurer 1982). 

First, we compared nest-site characteristics for each species to characteristics 

measured at randomly selected plots to identify habitat features that influenced selection 

of nest sites. Second, we compared nest-site characteristics among species to identify 

differences in habitat use among species. Both of these analyses were repeated with 

measured characteristics of home ranges to identify home-range characteristics selected 

by each species and differences in habitat characteristics of home ranges among species. 

We used pooled within-group correlations between discriminating variables and 

standardized cannonical discriminant functions to determine the relationship between 

each habitat variable and each discriminant function (McGarigal et al. 2000). We 

calculated niche overlap from the discriminant scores using the formula: 

O = exp[-dV2(Si+S2)] 



where d is the distance between species centroids and Si and S2 are variances of the 

discriminant scores for each species (Maurer 1982, Bosakowski et al. 1992). 

Variables that were identified as important by the discriminant analysis were 

tested using univariate ANOVA's. For variables identified as important by the ANOVA 

{P < 0.1), student's t-tests with Bonferroni corrections were used to identify which 

species pairs differed in habitat use. 

Nest Sites within Home Ranges. We used case-controlled logistic regression for 

matched pairs to compare nest-site characteristics of each species to the paired plots 

within the home ranges. We initially screened each variable separately and removed all 

variables with P > 0.25 or total separation, quasi-separation, or no separation of data 

points. Shrubs Present and Grasses Present were included in the initial model as 

indicator variables to represent the presence or absence of shrubs or grasses, respectively, 

on a plot (Hosmer and Lemshow 1989). Variables with total separation, quasi-

separation, or no separation cannot be analyzed in a case controlled logistic regression 

framework. Variables with no separation do not have any discriminatory power so their 

removal should not have an impact on the final model. Plot tree characteristics were 

represented in the initial models by Tree Height because Tree Volume showed total or 

quasi-separation for all species. Variables that remained after the initial screening were 

entered into the initial logistic regression model. After creation of the initial model, we 

performed backwards elimination with P to leave set to 0.10. At each step, we removed 

the variable with the highest P-value and re-ran the model. We repeated this process 

vmtil all variables with P > 0.1 were removed. Because of the limitations of case-



controlled logistic regression described above, we also analyzed paired plots using paired 

t-tests. 

All Analyses. Before beginniag analyses, we checked for variables with 

correlations >0.7 and removed the variable with the least discriminatory power (largest 

p-value). Grass Volume was retained in all analyses to maintain consistency between 

analyses and because of its importance in our study system. When necessary, we natural 

log transformed variables to better meet assimiptions of parametric tests. All statistical 

analyses were performed using SPSS Version 10.0.5. (SPSS, Inc. 1999), except case 

controlled logistic regression analyses which were performed in SAS Version 8.0 (SAS 

Institute, Inc. 1999). 

RESULTS 

HABITAT SELECTION 

Nest Trees and Nest Sites. Nest trees of raptors and corvids were taller than randomly 

selected trees (P < 0.001 for all species, student's t-test). Mesquite were the most 

commonly used nest trees (68%) followed by net leaf hackberry (Celtis reticulata) (19%) 

and cat claw acacia {Acacia gregii) (8%). 

Tree volume was the most highly correlated variable with DFl for aU species (r > 

0.80 for all species), and best explained the difference between nest sites and random 

sites. All species selected nest sites with greater tree height and tree volume and lower 

shrub volume than random selected locations. Red-tailed Hawks also selected nest sites 

that had lower grass voliune than was available at random on the study area (Table 3). 



Nest Sites within Home Ranges. All species selected nest trees with greater height 

and canopy volume than available at random within their home ranges {P < 0.001 for all 

species, paired t-test). All species also selected nest sites with greater tree height and 

canopy volume than available within their home ranges (P < 0.01 for all species, paired t-

test). The odds of a specific location within a home range being a raptor or corvid nest 

site rather than a random site increased >1.6 times for each meter increase in tree height 

for all species {P < 0.05 for all species, case controlled logistic regression). Great homed 

Owls, Red-tailed Hawks, and ravens selected nest sites that were lower in shrub volimie 

than available at random on their home ranges (P < 0.04, paired t-test). Red-tailed Hawk 

and raven nest sites were also lower in elevation (P = 0.001 for Red-tailed Hawks, P = 

0.06 for ravens, paired t-test). 

Home Ranges. Swainson's Hawks were the only species to show differences in 

measured characteristics between home ranges and random sites. They selected home 

ranges with greater grass volume than was available at random on the study site. Grass 

volume was the most highly correlated variable with DFl for Swainson's Hawks {r = 

0.79) and best explained the differences between Swainson's Hawk home ranges and 

random locations on the study site (Table 4). 

HABITAT PARTITIONING 

Nest Trees. Red-tailed Hawks selected taller nest trees than both Swainson's Hawks and 

ravens {P = 0.03 for ravens, P = 0.01 for Swainson's Hawks, t-test v^th Bonferroni 

correction). No differences existed among any other species in the height of nest trees 

selected (P > 0.1 for all other species comparisons). 



Overlap in nest-tree characteristics ranged from 0.54 for Great Homed Owls and 

Swainson's Hawks to 0.83 for Great Homed Owls and Red-tailed Hawks. Overlap in 

nest-tree characteristics was lower than overlap in nest site or home-range characteristics 

for all species pairs (Table 5). 

Nest Sites. The discriminant fimction analysis for differences in nest-site 

characteristics among species did not produce strong separation among any of the species 

along any axis, indicating high overlap in resource use among species for the habitat 

characteristics measured (Table 6). Habitat overlap was > 80% for all species pairs along 

discriminant axis one which accounted for 68% of the variation in the data and > 90% for 

all species pairs along discriminant axis two which accounted for 31% of the variation in 

the data (Table 5). Discriminant axis one seemed to represent increasing ground cover on 

nest sites because it was most highly correlated with shmb volume (r = 0.57) and grass 

volume (r = 0.54) whereas discriminant axis two was most strongly influenced by canopy 

structure (r = 0.65 Tree Volume and r = 0.63 for Tree Height) and elevation (r = 0.61). 

Home Ranges. Home-range characteristics did not differ among species, 

indicating a high overlap in resource use at the home-range scale (Table 6). Discriminant 

axis one was most highly correlated with grass volume (r = 0.65) and represented 59% of 

the variation in the data. Swainson's hawk home ranges had the highest grass volume of 

any species, but grass volvime differences were too small to distinguish one species home 

range from another. Discriminant axis two was most heavily influenced by elevation (r = 

0.74) and accounted for 39% of the variation. This lack of differences was reflected in 



the niche overlap values, which exceeded 90% for all species pairs on both axes (Table 

5). 

DISCUSSION 

HABITAT PARTITIONING 

Nest Sites and Home Ranges. Although habitat can play an important role in permitting 

the coexistence of sympatric raptor species in a variety of different environments (Janes 

1985), we did not find any differences in nest site or home-range characteristics among 

species we studied. Other authors have suggested that resource overlap between two 

species along a given axis generally needs to be below 0.6 to reduce competition for 

resources and allow coexistence (Zaret and Rand 1971, Bosakowski et al. 1992). Habitat 

niche overlap among all species in our assemblage was 33% higher than the 0.6 value for 

both nest-site and home-range characteristics. The lowest overlap we recorded was 0.81 

for Great Homed Owl and Swainson's Hawk nest sites along DFl, which primarily 

represents ground cover characteristics. Overlap between Red-tailed Hawks and 

Swainson's Hawks in our study was > 0.88 on all axis at both the nest site and home 

range scales, whereas overlap between these species in the intermoimtain west was only 

0.55 (Janes 1985). 

We suspect that high habitat overlap in this study is a product of historical and 

continuing changes in desert grasslands since Anglo-American settlement. Buenos Aires 

National Wildlife Refuge was historically an open grassland with trees restricted 

primarily to washes (USFWS 2000). Grazing and fire suppression subsequent to Anglo-

American settlement have allowed trees and shrubs to invade the grasslands so that today 



Buenos Aires National Wildlife Refuge might be more accurately described as a mesquite 

savannah than a grassland (Bahre 1995, McClaran 2003). When trees have invaded other 

grassland types, raptor abundance, diversity, and competitive interactions have increased 

and many species have become more widely sympatric than they were historically 

(Olendorff 1975, Schmutz et al. 1980, Janes 1994). High habitat overlap (0.89) between 

Red-tailed Hawks and Swainson's Hawks in Utah has been attributed to changes in the 

vegetation composition of the study area (Bosakowski et al. 1996), and recent sympatry 

in populations of Great Homed Owls and Bam Owls may account for their high dietaiy, 

temporal, and spatial overlap in the Pacific Northwest (Knight and Jackman 1984). 

Although high overlap may not indicate strong competition where interspecific 

tolerance is high (Colwell and Futuyama 1971, Vandermeer 1972) or resources are not 

limiting (Wiens 1977), in this study high overlap probably does result in increased 

competition at least for some assemblage members. Birds of prey are known to be 

relatively intolerant of interspecifics and fi-equent agonistic interactions among close 

nesting interspecific pairs of these species may result in nest failure (Smith 1969, 

Seidensticker and Reynolds 1971, Dunkle 1977, Schmutz et al. 1980), reduced 

reproductive success (Olendorff 1975, Schmutz et al. 1980), or displacement of one 

species by another on individual territories (Janes 1985) or across significant portions of 

their ranges (Houston and Bechard 1983). On our study site. Red-tailed Hawk and raven 

reproductive success was negatively affected by density of interspecific neighbors at 

certain scales (Hobbs 2004). 



Nest Trees. Red-tailed Hawks tended to nest at greater heights and in taller trees 

than Swainson's Hawks and ravens, but it is unlikely that these difiFerences alone could 

account for coexistence of the species on our study site for a variety of reasons. (1) 

Because potential nest trees are abundant, they are not likely to be the focal point of 

competition. We located 475 different trees with nest structures present in them during 

the course of this study, but never found more than 153 active raptor and corvid nests on 

the refiige in any one year. (2) Nest trees are selected for a variety of nest-related 

functions, such as accessibility and protection from predators, that are likely driven by 

forces other than competition, such as raptor morphology and history of predation 

(Newton 1979). (3) We found that characteristics of nest sites (all species) and home 

ranges (Swainsons's Hawks) were also important in habitat selection by these species. 

(4) Differences in nest-tree characteristics only affected two (Red-tailed Hawks-

Swainson's Hawks, Red-tailed Hawks-ravens) of six species pairs. 

JIABITAT SELECTION 

Nest Sites. Trees were the primary nest-support structures available to birds of prey on 

the study site. All species selected nest sites with greater tree height and volimie. Only 

trees of a certain size and structure can offer protection from predators and adverse 

weather and provide the structural strength to support a large stick nest capable of 

holding several young (Newton 1979). On our study site, larger trees were generally 

located in swales or along washes where more water is available. This may explain why 

Red-tailed Hawks, which used larger trees than any other species, tended to select nest 

sites that were lower in elevation than the average elevation of their home ranges. Nest 



sites of Red-tailed Hawks have been associated with wooded drainages in other locations 

as well (Gilmer et al. 1983). 

All species also selected nest sites with lower shrub volume, and in the case of 

Red-tailed Hawks, lower grass volimie than available at random. Lower ground cover on 

nest sites is probably a reflection of greater tree volume limiting moisture and light 

availability to the understory. The lack of importance of groimd cover relative to tree 

volume was supported by the low correlation between DFl and ground cover variables 

(Table 3). 

Home Ranges. Nest-site selection seemed to be the driving force in habitat 

selection in this assemblage. Red-tailed Hawks, Great Homed Owls, and ravens all 

selected home ranges that were not different from random on any of the variables 

measured. This indicates that these species were capable of securing food resources from 

a wide range of cover types (Preston and Beane 1993, Houston et al. 1998, Boarman and 

Heinrich 1999) and that home-range selection for these species in this environment was 

probably a by-product of proximity to a suitable nest site. 

In contrast, Swainson's Hawks selected home ranges with greater grass volume 

than generally available on the refuge. Swainson's Hawk selection for grasslands may be 

related to foraging technique. Red-tailed Hawks and Great Homed Owls are primarily 

perch himters (Janes 1985, Preston and Beane 1993, Houston et al. 1998), but Swainson's 

Hawks hunt primarily in flight (Janes 1985, England et al. 1997). 



CONCLUSIONS 

The structural composition of desert grasslands has changed significantly over the last 

120 years, transitionii  ̂fi-om open grassland to mesquite savannah. Because members of 

this assemblage select nest trees and nest sites based primarily on the size and volume of 

trees, this transition in landscape structure may have altered the composition of this 

assemblage and the competitive interactions among its members. However, because 

mesquites account for 84% of the trees over 3 m tall on the study area and are the 

dominant nest support structures, structural complexity in this environment is relatively 

low despite the invasion of trees and may limit opportimities for resource partitioning. 

The negative effect of density of interspecific neighbors on Red-tailed Hawk and raven 

reproductive success at certain scales on our study site seems to support this contention 

(Hobbs 2004). 

Although habitat has been suggested as the most important axis for resource 

partitioning for a variety of different organisms (Schoener 1974), including raptors, 

coexistence within an assemblage of species may be the result of differences in resource 

use on any of a variety of different resource axes or a product of cimiulative differences 

in resource use across multiple axes. Therefore, resource partitioning in this assemblage 

should be studied on other axes as well, especially diet, to determine if alternate axes play 

a role in permitting coexistence. This assemblage should be monitored to determine its 

response to high habitat overlap and continuing changes in desert grasslands. 
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TABLE 1: Means (SE) of characteristics measured at raptor and corvid nest sites on the Buenos Aires National Wildlife 

Refiage, Arizona in 2000 and 200L 

Characteristic Red-tailed Hawk Great Homed Owl Swainson's Hawk Raven Random P" 

n 29 18 26 33 100 

NT Height (m)' 10.0 (0.3) 9.5 (0.4) 8.4 (0.3) 8.7 (0.4) 4.0 (0.1) <0.001 

NT Volume (m^)  ̂ 1170.9(147.1) 1082.8(140.1) 751.9(115.4) 919.9(138.0) 120.7 (14.9) <0.001 

Nest Height (m) 7.4 (0.3) 6.8 (0.3) 6.4 (0.3) 6.4 (0.3) 

PT Height (m)  ̂ 4.5 (0.4) 3.9 (0.2) 3.4 (0.3) 4.0 (0.3) 2.6 (0.1) <0.001 

PT Volume (m^)  ̂ 1834.3 (213.7) 1742.4(184.9) 1316.3 (153.3) 1665.3 (159.0) 350.9 (30.0) <0.001 

Shrub Volume (m^) 0.1 (0.0) 0.0 (0.0) 0.2 (0.1) 0.2 (0.0) 0.4 (0.0) <0.001 

Grass Volume (m^) 0.5 (0.1) 0.6 (0.3) 0.9 (0.2) 0.9 (0.2) 0.8(0.1) 0.208 

Bare (%) 91.9(1.7) 91.8(2.8) 87.1 (1.7) 86.4 (2.6) 80.4(1.4) <0.001 

Elevation (m) 1043.4 (9.8) 1029.7(13.0) 1044.2 (8.4) 1059.2 (7.3) 1045.5 (5.2) 0.364 

 ̂ NT = Nest Tree 



Average height of trees on nest site plot 

Total volume of trees on nest site plot 

One-way ANOVA 



TABLE 2; Means (SE) of characteristics measured in raptor and corvid home ranges on the Buenos Aires National Wildlife 

Refuge, Arizona in 2000 and 2001. 

Characteristic Red-tailed Hawk Great Homed Owl Swainson's Hawk Raven Random P' 

n 32 16 23 30 100 

Avg. Tree Height (m) 2.3 (0.2) 2.1 (0.2) 2.1 (0.1) 2.2 (0.1) 2.1 (0.1) 0.936 

Tree Volume (m^) 212.0 (42.8) 135.7 (21.3) 206.8(41.3) 211.9 (35.1) 259.1 (31.1) 0.637 

Perches 1.7 (0.2) 1.4 (0.3) 2.2 (0.5) 2.1 (0.3) 2.2 (0.3) 0.846 

Shrub Volume (m^) 0.4 (0.1) 0.3 (0.1) 0.3 (0.1) 0.3 (0.0) 0.4 (0.0) 0.833 

Grass Volume (m^) 0.9 (0.1) 1.1 (0.3) 1.3 (0.2) 1.2 (0.3) 0.9 (0.1) 0.215 

Bare (%) 79.1 (2.1) 81.0(3.0) 77.7(1.9) 77.7 (2.0) 78.0(1.4) 0.913 

Elevation (m) 1049.4 (8.8) 1034.5 (12.8) 1042.1 (9.2) 1058.3 (8.1) 1045.5 (5.2) 0.568 

' One-way ANOVA 

Ul 



TABLE 3: Results of DFA comparing raptor and corvid nest-site characteristics to random locations on the Buenos Aires 

National Wildlife Refiige, Arizona in 2000 and 2001. 

Random vs. 

Red-tailed Hawk Swainson's Hawk Great Homed Owl Raven 

Characteristic r P r P r P r P 

Tree Height 0.60 <0.001 0.38 <0.001 0.65 <0.001 0.48 <0.001 

Tree Volume 0.91 <0.001 0.85 <0.001 0.90 <0.001 0.88 <0.001 

Shrub Volume -0.35 <0.001 -0.30 <0.01 -0.43 <0.001 -0.25 <0.01 

Grass Volume -0.16 0.06 0.06 0.55 -0.17 0.14 -0.03 0.75 

Elevation -0.02 0.85 -0.01 0.91 -0.14 0.24 0.11 0.17 



TABLE 4; Results of DFA comparing raptor and corvid home range characteristics to random locations on the Buenos Aires 

National Wildlife Refuge, Arizona in 2000 and 200 

Random vs. 

Characteristic 

Red-tailed Hawk Swainson's Hawk Great Homed Owl Raven 

Characteristic r P r P r P r P 

Tree Volume 0.77 0.37 0.29 0.40 -0.28 0.73 0.46 0.25 

Shrub Volume -0.08 0.93 -0.29 0.40 0.62 0.45 -0.21 0.59 

Grass Volume 0.32 0.71 0.79 0.02 -0.41 0.62 0.48 0.23 

Elevation 0.32 0.71 -0.10 0.77 0.65 0.43 0.48 0.23 

^Tree height and perches were removed because of high correlations (r> 0.7) with tree volvime. 

00 



TABLE 5: Overlap in habitat use by raptors and corvids on the Buenos Aires National 

Wildlife Refuge, Arizona in 2000 and 2001. 

DFI DF2 DFI DF2 

Species Pair Nest Tree Nest Site Home Range 

Great Homed Owl ~ Raven 0.694 0.856 0.948 0.998 0.935 

Great Homed Owl ~ Red-tailed Hawk 0.827 0.997 0.967 0.981 0.964 

Great Homed Owl ~ Swainson's Hawk 0.543 0.813 0.999 0.989 0.938 

Raven — Red-tailed Hawk 0.692 0.912 0.998 0.999 0.985 

Raven ~ Swainson's Hawk 0.688 0.998 0.913 0.934 0.998 

Red-tailed Hawk — Swainson's Hawk 0.764 0.884 0.942 0.908 0.991 



TABLE 6: Results of DFAs comparing nest site and home range characteristics among 

raptor and corvid species on the Buenos Aires National Wildlife Refuge, Arizona in 2000 

and 2001. 

Nest Site Home Range' 

Characteristic DFl  ̂ DF2  ̂ P DFl  ̂ DF2  ̂ P 

Tree Height -0.49 0.63 0.13 

Tree Volume -0.37 0.65 0.21 -0.09 0.40 0.91 

Shrub Volume 0.57 0.15 0.22 -0.39 0.01 0.82 

Grass Volume 0.54 -0.24 0.24 0.65 0.55 0.41 

Elevation 0.42 0.61 0.20 -0.55 0.74 0.38 

'Tree height and perches were removed because of high correlations (r> 0.7) with tree 

volume. 

 ̂Correlation between Variable and DF 



FIGURE 1: Sampling design for a study of habitat selection and partitioning in a raptor 

and corvid assemblage in southern Arizona. (A) Raptor or corvid nest site (B) 3 random 

plots placed within a breeding pairs home range to measure home range characteristics 

(C) 1 of 100 plots placed around randomly selected trees on the landscape to measure 

landscape characteristics for comparison with raptor and corvid nest sites (D) Plot placed 

around a random tree within a breeding pairs home range for comparison with that pairs 

nest site (E) 1 of 100 plots placed randomly on the landscape to measure landscape 

characteristics for comparison with raptor and corvid home ranges. 



Nest Site vs. Study Site 

Nest Site vs. Home Range 

Home Range vs. Study Site 
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Poor reproduction in desert grassland raptors and corvids: efifects of rainfall, 

region, competition, and human disturbance 
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Abstract 

We studied a raptor and corvid assemblage in the desert grasslands of southern 

Arizona to (1) document reproductive success, (2) assess the effect that spatial 

relationships have on reproductive success of assemblage members, and (3) investigate 

the relationship between raptor and corvid reproductive success and anthropogenic 

changes in desert grasslands. During the years of our study, reproductive success of all 

species was poor relative to range-wide averages. Number of young per breeding pair 



was 0.96 (95% CI: 0.54, 1.38) for great homed owls (Bubo virginianus), 1.75 (95% CI: 

1.39,2.10) for common and Chihuahuan ravens {Corvus corax and C cryptoleucus), 1.04 

(95% CI: 0.83,1.24) for red-tailed hawks (Buteo jamaicensis), and 0.91 (95% CI: 0.67, 

1.16) for Swainson's hawks {Buteo swainsoni). Low rainfall, regional differences in 

raptor and corvid productivity, competition, and human disturbance were considered as 

possible influences on low reproductive success. We suggest that competition resulting 

from tree invasion of desert grasslands and human disturbance resulting from illegal 

immigration seem to be the most likely causes of the depressed reproductive success that 

we recorded. 

Keywords: Raptors; Corvids; Reproductive Success; Competition; Human Disturbance; 

Illegal Immigration 

1. Introduction 

Desert grasslands in the Southwestern United States were historically open 

environments with trees restricted largely to washes (Bahre, 1995; USFWS, 2000; 

McClaran, 2003). Since Anglo-American settlement, desert grasslands have been 

invaded by trees, shrubs, and non-native grasses as a result of grazing and fire 

suppression (Bahre, 1995; USFWS, 2000; McClaran, 2003). When trees have invaded 



other grassland types, raptor abundance, diversity, and competitive interactions have 

increased and many species have become more widely sympatric than they were 

historically (Olendorflf, 1975; Schmutz et al., 1980; Janes, 1994). Because the ability of 

a species to diverge from a competitor is influenced by the nimiber of similar species that 

occur sympatrically and divergence may be more diflScult to achieve in structurally 

simple environments, changes in desert grasslands may impact reproductive success of 

raptors and corvids occupying desert grasslands (Orians and Willson, 1964). Tree 

invasion of other western grasslands has resulted in range expansions and contractions 

and reduced reproductive success in several raptor species (Olendorflf, 1975; Schmutz et 

al, 1980; Houston and Bechard, 1983; Janes, 1985). 

Reproductive success in raptors may also be negatively affected by human 

disturbance. Raptors have been shown to be especially sensitive to disturbance by 

humans on foot and may experience nest abandonment, increased nest predation, 

disrupted feeding patterns, increased energy expenditures, or reduced rates of prey 

delivery if disturbed (Fyfe and Olendorflf, 1976; White and Thurow, 1985; Knight and 

Skagen, 1986). In conjunction with other changes in desert grasslands, human foot traflSc 

has increased dramatically in the last 10 years as imdocumented immigrants (UDIs) have 

increasingly used remote desert grasslands along the U.S. Mexico border to enter the 

United States (Scarlett, 2002). An average of2464 UDIs per day were estimated to cross 

federal and tribal lands in southern Arizona in 2001 (Scarlett, 2002). UDI activity has 

created hundreds of new trails and roads in southern Arizona desert grasslands and may 

negatively eflfect nest success and productivity of breeding birds (Scarlett, 2002). 
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Raptors in desert grasslands may be especially prone to disturbance by UDIs because 

their nest trees are frequently located along washes and other low-lying areas where UDI 

activity is most concentrated (Scarlett, 2002; Hobbs, 2004; RJH, personal observation). 

We studied the breeding biology of a raptor and corvid assemblage in a mesquite-

invaded desert grassland in southern Arizona. The assemblage consisted of red-tailed 

hawks (Buteo jamaicensis), Swainsons hawks (Buteo swainsoni), great homed owls 

(Bubo virginianus), and ravens (Corvus cor ax and C. cryptoleucus). Our objectives were 

(1) to document reproductive success of members of this assemblage for comparisons 

with future studies in desert grasslands as anthropogenic changes proceed, (2) to assess 

the effect that spatial relationships among nesting birds of prey have on the reproductive 

success of this assemblage, and (3) to investigate the relationship between reproductive 

success in bird of prey and anthropogenic changes in desert grasslands. 

2. Methods 

2.1. Study area 

The study area was a 410 km  ̂block of the Buenos Aires National Wildlife 

Refuge (BANWR), which is located approximately 73 km southwest of Tucson in Pima 

County, Arizona (USFWS, 2000). Red-tailed hawks, Swainson's hawks, great homed 

owls, and ravens are the most common large birds of prey on the BANWR, but Cooper's 

hawks (Accipiter cooperii), gray hawks (Astruina nitidd), long-eared owls (Asia otus). 



zone-tailed hawks (Buteo albonotatus), white-tailed kites (Elanus leucurus), and bam 

owls (Tyto alba) are also present. 

The study site ranges from 935 to 1156 m elevation and is composed primarily of 

desert grasslands. Desert grasslands in Arizona form a perennial grass-scrub dominated 

landscape transitioning into desertscrub at lower elevations and oak-pine woodlands at 

higher elevations (Brown, 1994). Desert grasslands on the BANWR receive between 300 

and 500 mm of rain a year (USFWS, 2000) in a bimodal distribution vdth over half the 

rain falling between April and September and the rest felling during the winter months 

(Brown, 1994). Summer rains are usually torrential and localized while winter rains are 

generally milder and more wide spread (USFWS, 2000). Temperature extremes on the 

BANWR may range from lows of-13°C in the winter to highs of 44°C in the summer 

(USFWS, 2000) with freezing temperatures occurring usually less than 100 days a year 

and temperatures over 38°C occurring several days a year (Brown, 1994). 

2.2. Nest searches 

From January through July of 2000 and March through July of2001, we used 

both driving and walking surveys to search the entire study area for large stick nests 

constructed by birds of prey (Fuller and Mosher, 1987). In 2000, we drove aU roads 

within the study area at 15-25 kph searching both sides of the roads. Most roads were 

searched in both directions (coming and going) to increase the chances of detecting a 

nest. Because most nest structures located in 2000 were still present in 2001, road 



surveys for new nests built in 2001 were conducted while checking the status of nests 

located in 2000. Driving surveys covered 625 km of road. 

We planned walking surveys to cover as much non-roaded area of the BANWR as 

possible. Areas not accessible by roads were searched on foot by walking in a zig-zag 

pattern between roads until an entire roadless area had been searched. This process was 

repeated imtil all roadless areas had been searched. Following initial surveys, we plotted 

the walking routes that we had surveyed and searched areas that were not adequately 

covered by initial surveys. Search effort was proportionally greater for areas with thicker 

vegetation to account for decreased visibility of nests. Total walking distance surveyed 

was 1120 km. 

We recorded the location of all nests using a Garmin hand-held Global 

Positioning System (GPS) (Garmin, Inc.) and identified breeding pairs of all birds of 

prey. Because of the taxonomic similarity between common and Chihuahuan ravens and 

the difficulty of accurately distinguishing these species in the field, we grouped them 

together in all aspects of this study. Pairs were considered breeding if eggs, young, or 

incubating adults were present during a nest check (Steenhof, 1987). We revisited all old 

stick nests once a month fi-om March through July of both seasons to determine which 

nests were occupied by breeding pairs of birds of prey. 
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2.3. Nest success and productivity 

We checked aU occupied nests every 10-14 days to determine nesting status and 

the number of young fledged from each nest. All nests were checked from a distance 

(generally >50 m) with a spotting scope to reduce disturbance to nests (Steenhof and 

Kochert, 1982). We usually spent <5 min at a nest, and we only climbed into nests if 

they appeared abandoned. 

We calculated both conventional and Mayfield nest success to facilitate 

comparisons with other studies (Mayfield, 1975). Nest-check intervals <15 days seem to 

be sufficient for determining nest success of raptors without violating the assimiptions of 

the Mayfield method (Johnson, 1979). Confidence intervals for nest success data were 

calculated using the formulas provided in Hensler and Nichols (1981). 

Productivity was measured as the number of yoimg fledged per successful pair 

and per breeding pair (Minor et al., 1993). A breeding pair was considered successful if 

at least 1 yoimg was in the nest at 80% of fledging age (Steenhof and Kochert, 1982). 

Fledge or fail dates were assumed to be the midpoint between the last visit in which 

young were recorded in the nest and the next visit when the nest was unoccupied 

(Mayfield, 1975). 

To facilitate comparisons of reproductive performance on the BANWR with data 

reported from other localities, we compared nest success, number of young fledged per 

successfiil nest, and number of young per breeding pair from this study to the same 

parameters reported in the literature (Table 1) using one-sample t-tests. 
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2.4. Nearest-neighbor distance and nesting density 

To determine if assemblage members were sensitive to the presence of potential 

intra- or interspecific competitors, we used logistic regression analysis to evaluate the 

effects of nearest-neighbor distances and nesting density on nest success and 

productivity. We calculated the distance firom each active nest to all active nests within 5 

km using Arclnfo Geographic Information System (GIS) software version 7.2.1 

(Environmental Systems Research Institute, Inc., 1998). These distances became the 

explanatory variables for analyses assessing the affect of distance between nests of 

breeding pairs on reproductive success (nearest-neighbor analyses). We then counted the 

number of active conspecific and interspecific nests within 1,2, 3, and 4 km of each 

active nest for all species. These numbers became the explanatory variables for assessing 

the affect of density of breeding pairs on reproductive success (density analyses). To 

avoid errors produced by artificially truncating nearest-neighbor distances and density 

data at the study area boundary, we removed data for nests within the average nearest-

neighbor distance of the border of the study area (Table 2) from the nearest-neighbor 

analyses and data for nests within 1, 2, 3, and 4 km of the border fi-om their respective 

density analyses. Year was included in each analysis to accoimt for differences in nest 

success and productivity between years. Logistic regression analyses were run in SPSS 

version 10.0 (SPSS, Inc., 1999). 
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2.5. Rainfall 

We collected data on precipitation on our study site to investigate the relationship 

between environmental productivity and bird of prey reproductive success. Although the 

relationship may be complex, primary and secondary productivity in deserts, including 

prey resources for raptors and corvids, is generally governed by precipitation, (Serventy, 

1971; Whitford and Creusere, 1977; Maurer, 1985; Ernest et al., 2000; Brown and Ernest, 

2002). If the reproductive performance of this assemblage can be explained by 

precipitation alone, the impact of anthropogenic change on bird of prey reproductive 

success would be minor relative to environmental variability. 

We downloaded precipitation data for 1992-2002 for climate stations Sasabe and 

Sasabe 6 from the National Oceanic and Atmospheric Administration's (NOAA) 

National Climatic Data Center (NCDC) website (http://lwf.ncdc.noaa.govV These 

stations were the closest stations to our study site and had the most complete data sets for 

the period of interest. For each month of each year, we averaged the precipitation figures 

from the two stations to get monthly averages for rainfall on the study site. When 

precipitation values were missing or incomplete (7% of values), we substituted the 10-

year average for that month and station. Monthly averages for October through 

September were averaged to get annual averages and annual averages for 1993-2002 

were averaged to get the lO-year average. We chose October through September for 

annual averages because these dates match the bimodal rainfall patterns of this 

environment and the breeding cycle of the assemblage better than an actual calendar year. 
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3. Results 

3.1. Nest success and productivity 

Although nest success for all species was consistently higher in 2001 than in 

2000 (Table 3), the diflference was only significant for ravens. Raven nests were 6.16 

(1.88, 20.24) times more likely to have been successful in 2001 than in 2000 (x^i = 8.97, 

p = 0.003, logistic regression). 

Productivity per successful pair and per breeding pair were also consistently 

higher in 2001 than 2000 for all species, except Swainson's hawks (Tables 4-5), but, as 

with nest success, the increase was only significant for ravens. Ravens were 4.90 (1.22, 

19.68) times more likely to produce >1 young per successful nest in 2001 than in 2000 

(£\ = 5.01,= 0.025, logistic regression). Swainson's hawks had fewer young per 

successful pair in 2001 than in 2000, but more young per breeding pair. Each species 

produced a greater total nimiber of young on the refuge in 2001 than in 2000. 

Nesting density (Table 2) remained even or increased for all species fi-om 2000 to 

2001. Great homed owls showed the greatest year to year increase in nesting density 

with 4 nesting pairs in 2000 and 20 in 2001. 

Members of our assemblage had poor reproductive success compared to other 

studies reported in the literature (Table 1). Ravens had average nest success, and red-

tailed hawks fledged an average number of young fi-om successful nests, but both species 



were below average on all other measures of reproductive success (Tables 3-5). Great 

homed owls and Swainson's hawks were below average on all measures of reproductive 

success, including nest success, young fledged per successfiil pair, and young fledged per 

breeding pair (Tables 3-5). 

3.2. Nearest-neighbor distances 

Distance to nearest conspecific neighbor was greater for all species than distance 

to nearest interspecific neighbor (F > 7.44,/) < 0.01 for all species. One-Way ANOVA) 

(Table 2). The odds of a nest being successful increased with distance fi-om the nearest 

conspecific neighbor for red-tailed hawks and ravens after accounting for differences in 

nest success between years (Table 6). Distance to nearest conspecific neighbor did not 

affect the nest success of Swainson's hawks or great homed owls (Table 6). 

Distance to the nearest interspecific neighbor did not affect the nest success of 

any species after accounting for differences in nest success between years (xJ^i < 2.79, p > 

0.10 for all species, logistic regression). The odds of a successfiil nest fledging >1 young 

were not affected by the distance to the nearest conspecific or interspecific neighbor (5^1 

< 0.544, p > 0.46 for all species in both analyses, logistic regression). The effect of 

distance to the nearest conspecific neighbor on the productivity of great homed owls 

could not be assessed because of low sample size. 
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3.3 Conspecific nesting density 

Nest success of ravens and red-tailed hawks were negatively affected by nesting 

density of conspecifics. The odds of raven or red-tailed hawk nests succeeding decreased 

with increasing density of conspecifics after accounting for differences in nest success 

between years (Tables 7 and 8, respectively). Raven nest success was affected at 0-1 km 

and 0-2 km scales whereas red-tailed hawk nest success was affected at 0-1 km, 0-2km, 

and 0-3 km scales. Conspecific nesting density did not affect Swainson's hawk or great 

homed owl nest success (xi^i < \All,p> 0.22 for both species at all scales, logistic 

regression). Conspecific nesting density did not affect whether or not >1 young fledged 

fi-om successful nests for any species (x^i < 2.702, /? > 0.10 for all species at all scales, 

logistic regression). 

3.4. Interspecific nesting density 

Raven and red-tailed hawk nest success were less strongly aflFected by nesting 

density of other species. Ravens appeared weakly affected by interspecific nesting 

density at the 0-3 km scale whereas red-tailed hawks appeared weakly affected at the 0-2 

km scale after accounting for differences in nest success between years (Tables 9 and 10, 

respectively). Interspecific nesting density did not affect Swainson's hawk or great 

homed owl nest success (xi^i < 2.047, p > 0.15 for both species at all scales, logistic 

regression). Interspecific nesting density had a weak negative effect on whether or not 



>1 young fledged from successful red-tailed hawk nests at the 0-2km scale after 

accounting for differences in nest success between years (Table 11), but did not affect 

whether or not >1 young fledged from successful nests of any other species i < 1.698, 

/?> 0.19 for all other species at aU scales, logistic regression). 

3.5. Rainfall 

The 2-year average for precipitation for 2000 through 2001 was nearly identical to 

the 10-year average for the site (436 (141.2) mm vs. 438 (47.8) mm, tio=0.015, p = 0.988, 

t-test), but precipitation was lower than the 10-year average in 2000 (295 mm, t9 = 2.99, p 

= 0.015, t-test) and higher in 2001 (577 mm, tg = 2.92, p = 0.017, t-test) (Fig. 1). 

4. Discussion 

4.1. Nest success, productivity, and density 

Reproductive success was low for all species in our study relative to range-wide 

averages (Tables 3-5) and may be too low for assemblage members to maintain stable 

populations (Henny and Wight, 1969; Henny, 1972). Nesting densities of all species 

(Table 2) were within the range of densities reported in the literature for these species in 

other locations (Table 12). Nesting density is probably a misleading indicator of great 



homed owl presence on the study area because great homed owls tend not to nest or to 

nest in low densities in years of low prey years (Houston et al, 1998). 

4.2. Potential causes of low reproductive success 

Reproductive success in raptors can be highly variable and may be influenced by 

a variety of factors, including abundance of prey, region studied, competition, and human 

disturbance (Smith and Murphy, 1973; OlendorfiF, 1975; Newton, 1979; Kirkley and 

Springer, 1980; Schmutz et al., 1980; Bechard, 1983; Steihl, 1985; White and Thurow, 

1985). These factors are not mutually exclusive and may interact to effect reproductive 

success. We believe that all of these factors may have influenced reproductive success in 

our assemblage, but that competition and human disturbance are primarily responsible for 

the low reproductive success that we observed. 

4.2.1. Abundance of prey 

We did not measure prey abundance during the course of our study, however, in 

desert environments, primary and secondary productivity, including abundance of small 

mammals, birds, and reptiles, is tied to precipitation (Serventy, 1971; Whitford and 

Creusere, 1977; Maurer, 1985; Ernest et al., 2000; Brown and Ernest, 2002). Our 

analysis of precipitation data indicated that we captured both a high and a low 

productivity year and that average precipitation for the two years of our study was nearly 

identical to the 10-year average for the site (Fig. 1). 



Nesting behavior within the assemblage supports this contention. In 2000, the 

year of low rainfall, only four great homed owls attempted to nest, great homed owl 

predation on nesting red-tailed hawks was common (15%, n = 8), no re-nesting attempts 

were recorded for red-tailed hawks, great homed owls, or Swainson's hawks (based on 

location and timing of nesting), and adults were frequently absent from nests during nest 

checks. These reproductive behaviors have been linked to low prey abundance in other 

locations (Southern, 1970; Rusch et al., 1972; Smith and Murphy, 1973; Mclnvaille and 

Keith, 1974; Adamciketal., 1978; Newton, 1979; Houston and Schmutz, 1995). In 

2001, the year of high rainfall, all of these behaviors were reversed with 5 times as many 

great homed owls nesting, no great homed owl predation on red-tailed hawks, re-nest 

attempts by both red-tailed hawks and great homed owls, and high nest attendance by all 

species. Although low prey abundance may have been an important factor in the low 

reproductive success recorded in 2000, we do not believe that inadequate prey was 

sufficient to explain the low reproductive success reported in this study as a whole 

because 2001 appears to have been a year of high environmental productivity, and 

rainfall over the course of the study seemed to be "normal" for the site. 

4.2.2. Regional Differences 

Desert grasslands have the lowest total biomass production of all North American 

grassland types (Sims and Singh, 1978) and deserts in general have lower primary and 

secondary productivity than other North American Biomes (MoUes, 2005). It is possible 

that the poor reproductive success that we recorded is attributable to regional differences 



in raptor and corvid reproduction because we compared reproductive success in our study 

to rar^e-wide averages for each species. However, comparison of desert productivity to 

range-wide productivity of raptors and corvids does not support the contention that the 

low productivity that we recorded on the BANWR is attributable to regional differences 

in reproductive success. Although the number of studies on desert dwelling raptors and 

corvids is small, reproductive success of raptors and corvids in southwestern desert 

environments does not seem to be lower than range-wide averages (Table 13). 

Reproductive success reported for great homed owls and Swainsons's hawks in 

other studies in southern Arizona may be lower than range-wide averages, but was higher 

than on the BANWR (Tables 3-5 and 13). Great homed owls in Arizona desert scmb had 

1.10 young per breeding pair (based on a single year of data; Mader, 1973), where as 

great homed owls on the BANWR had 0.96 (0.54, 1.38) young per breeding pair. 

Number of young per breeding pair of Swainson's hawks in southeastern Arizona was 

1.18 (Porton, 1977) in the mid-1970's and 1.12 in non-agricultural lands in 1999 and 

2000 (C. Nishida, unpublished data), but only 0.91 (0.67, 1.16) during our study on the 

BANWR. In 2000 when our study occurred concurrently with another study in southeast 

Arizona, the number of young per breeding pair of Swainson's hawks on BANWR was 

57% lower (0.81, this study) than recorded on other non-agricultural lands in southern 

Arizona (1.27, Catherine Nishida, unpublished data). 

Reproductive data for Red-tailed Hawks elsewhere in southem Arizona indicates 

that reproductive success was higher in other parts of southeast Arizona than on the 

Buenos Aires National Wildlife Refuge and was not lower than range-wide averages 



(Tables 3-5 & 13). The number of young per breeding pair of red-tailed hawks nesting 

on the Santa Rita Experimental Range, a desert grassland site approximately 42 km N/NE 

of the BANWR, was 75% (1.82 vs. 1.04, respectively) higher than on the BANWR 

(Hobbs, 2004) and the number of young per breeding pair of red-tailed hawks living in 

the desert scrub of southeastern Arizona was 1.55 (Mader, 1973). We were not able to 

locate any previous studies of raven reproductive success in southeastern Arizona. 

4.2.3. Competition 

We believe that competition may be partly responsible for the low reproductive 

success on our study site. Competition is notoriously diflScult to show in field-based 

studies and can only be demonstrated through experimental manipulation (Schoener, 

1983), but evidence fi"om numerous studies indicates that the species in our assemblage 

can negatively affect each other when they co-occur. Members of this assemblage are 

known to negatively affect each other's reproductive success, displace each other fi-om 

portions of territories, replace each other across potions of their ranges, and have fi-equent 

agonistic intra-and interspecific interactions (Craighead and Criaghead, 1956; Dom, 

1972; Smith and Murphy, 1973; Olendorflf, 1975; Schmutz et al., 1980; Houston and 

Bechard, 1983; Janes, 1985). 

Both intraspecific and interpsecific competition seemed to have a negative effect 

on the reproductive success of red-tailed hawks and ravens on our study site, but we did 

not detect similar effects for great homed owls and Swainson's hawks. Both red-tailed 

hawk and raven reproductive success were negatively affected by the proximity of 



conspecific neighbors and the density of conspecific and interspecific neighbors at certain 

scales. Exactly what resource is the focus of the competitive interactions is unclear, but 

we suggest that this competition is habitat related. 

Habitat is the most commonly partitioned resource in similar-sized sympatric 

raptors (Smith and Murphy, 1973; Schmutz et al., 1980; Titus and Mosher, 1981; Janes, 

1985; Bechard et al., 1990) and seems to play an important role in permitting their 

coexistence (Janes, 1985). However, habitat overlap at nest sites and potential foraging 

areas on our study site was greater than 80% for all species in this assemblage (Hobbs, 

2004). This level of overlap is unlikely to facilitate coexistence among assemblage 

members (Zaret and Rand, 1971; Bosakowski et al., 1992). 

Partitioning of dietary or temporal resources may also facilitate co-existence in a 

variety of diJBferent organisms (Schoener, 1974) and territoriality may help raptors to 

reduce competition by partitioning space (Jaksic, 1985; GersteU and Bednarz, 1999), but 

these mechanism do not seem to be operating in our assemblage. We did not study diet, 

but dietary overlap among these species has been shown to be consistently high in other 

locations (Table 14) and dietary partitioning seems to be relatively unimportant for the 

species in our assemblage (Smith and Murphy, 1973; Schmutz et al, 1980; Jaksic, 1982; 

Jaksic and Braker, 1983; but see Marti and Kochert, 1995). Temporal partitioning is 

unlikely to reduce competition in our assemblage because these species overlap 

substantially in the timing of their nesting (Fig. 2). Territoriality was insufficient to 

prevent the negative effects (discussed above) that proximity and density of neighbors 

had on the reproductive success or red-tailed hawks and ravens. 
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4.2.3. Human disturbance 

Competition may be partly responsible for the low reproduction in our 

assemblage, but our results only point to effects of competition on red-tailed hawks and 

ravens. We suggest that reproduction of all species in our assemblage is potentially 

affected by human disturbance. Our study site, which abuts the U.S. Mexican Border, is 

an important corridor for trafficking in drugs and illegal immigrants. The number of 

UDIs crossing the border in southern Arizona has increased substantially in the last 

decade (Scarlett, 2002; R. Daniels, U.S. Border Patrol, personal communication) (Fig. 3) 

with an estimated 25,915 UDIs passing through the BANWR in the second year of our 

study (Scarlett, 2002). UDIs crossing BANWR have created 2116 km of new trails on 

the refuge since it was created in 1986 (Dan Cohan, BANWR, personal communication). 

On our study site, birds of prey nest along washes and other low-lying areas 

because the most suitable nest trees grow there (Hobbs, 2004). UDI traffic is often 

concentrated in riparian areas, washes, and other low-lying areas as well because 

immigrants seek to avoid detection by border patrol agents (Scarlett, 2002; RJH, personal 

observation). We suggest that this association between preferred nesting locations of 

birds of prey and the large number of illegal immigrants passing through our study site 

may be a contributing factor to the low reproductive success we recorded. We noted 

groups of UDIs, brush shelters, large amounts of discarded water bottles and other refiise, 

and evidence of foot traffic beneath nest trees. Other breeding bird populations may also 

be negatively affected by UDI activities (Scarlett, 2002). 



Although some birds of prey and corvids are capable of habituating to predictable 

non-lethal disturbance, as evidenced by successful nesting in urban environments (Knight 

et al., 1987; Minor et al., 1993; England et al., 1995), they seem less capable of 

habituating to infrequent disturbances of vaiying intensity and duration, including 

humans approaching on foot (Fyfe and Olendorflf, 1976; White and Thurow, 1985; 

Knight and Skagen, 1986). In fact, raptors in rural areas may become sensitized to 

repeated disturbances causing individual birds to flush at greater distances (Fraser et al., 

1985; White and Thurov^r, 1985). These disruptions at nest sites reduce raptor 

reproductive success by causing nest abandonment, increased nest predation, disrupted 

feeding patterns, increased energy expenditures, and/or reduced rates of prey delivery 

(Fyfe and Olendorfif, 1976; White and Thurow, 1985; Knight and Skagen, 1986). 

In some environments, as little as 20 min spent near a buteo nest during 

incubation may be suflBcient to cause desertion of about 50% of nests (Houston, 1975a). 

Evidence from water bottles, clothing, artificial shade structures, and other items left 

behind by undocumented immigrants suggests that they rest for long periods of time near 

or beneath nest trees. In desert environments where temperatures are regularly over 

32°C, breeding raptors and corvids that are frequently flushed from nests by passing 

immigrants or kept off of nests for long periods of time by immigrants sheltering beneath 

or near nest trees would likely have lower reproductive success. 

UDI activity beneath or near nest trees may also affect raptor and corvid 

populations in more subtle ways. When humans camped near bald eagle nests, adults 

consumed 20% less food and the number of nestling feeding bouts decreased by 20% 



(Steidl and Anthony, 2000). Golden eagles also responded negatively to humans 

camping near nests with adults consuming 67% less prey and nestlings 39% less prey (K. 

Kozie and R.J. Steidl, unpublished data, in Steidl and Anthony, 2000). These types of 

behavioral changes may have negative effects on fledgling survival by causing nestlings 

to fledge at lower body weights or causing juveniles to migrate prematurely (Steidl and 

Anthony, 2000). 

4.3. Conclusions 

Competition and human disturbance seem to be the most likely causes of the low 

reproductive success that we recorded. Because these species regularly encounter each 

other throughout portions of their range, we would expect that mechanisms would exist to 

reduce competition where they occur sympatrically. However, the negative impact of 

proximity and density of neighbors on red-tailed hawk and raven reproductive success 

suggests that, for these two species at least, mechanisms to reduce competition in this 

assemblage are not acting effectively. The inability of these species to effectively 

partition resources may be a product of historical and on-going changes in desert 

grasslands. In a little over 100 years, grazing and fire suppression have transformed 

desert grasslands in the southwest from open landscapes with low structural diversity to 

mesquite savannahs dominated by trees, shrubs, and non-native grasses (Bahre, 1995; 

USFWS, 2000; McClaran, 2003) (Fig. 4). Expansion of trees into grasslands is known to 

increase the abimdance, diversity, and competitive interactions of raptors by increasing 



the availability of nest sites and hunting perches (Olendorfif, 1975; Schmutz et al., 1980; 

Janes, 1994). 

We suggest that changes in desert grasslands have produced a dynamic species 

assemblage whose fate is tied to recent and on-going changes in the landscape. Because 

organisms respond to present environmental conditions, members of this assemblage 

cannot develop effective mechanisms for co-existence while the landscape is in a process 

of change (Wiens, 1977). Significant increases in raven populations in the southwest 

(-1500%) over the last 30 years (Boarman and Berry, 1995) have probably also 

intensified the competitive environment on our study site, because the ability of a species 

to diverge from a competitor is influenced not only by the structural complexity of the 

environment, but also by the number of sympatric species of similar ecologies present 

(Orians and Willson, 1964). 

Human disturbance has been shown to have a negative effect on the energetics 

and reproduction of birds of prey in a variety of different studies (Fyfe and Olendorff, 

1976; White and Thurow, 1985; Knight and Skagen, 1986, Steidl and Anthony, 2000), 

but the specific impacts of illegal immigration on the reproductive success of raptors has 

not been adequately addressed. We suggest, primarily from associative evidence, that the 

impacts of this increased human presence in otherwise remote wildlands may be 

significant, but experimental research is required to better quantify the impact of illegal 

immigration on the reproductive success of species inhabiting borderland environments 

and to separate out the impacts of this type of disturbance from other potential causes of 

lowered reproductive success. 
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Table 1 

Literature sources used to calculate average reproductive success of raptors and corvids for comparison with reproductive 

success of raptors and corvids on the Buenos Aires National Wildlife Refiige, Arizona. 

Great homed owl Raven Red-tailed hawk Swainson's hawk 

Bosakowski et al., 1989 

Frank and Lutz, 1997 

Gilmer et al., 1983 

Hagar, 1957"'' 

Holt, 1996"'^ 

Houston, 1975b ^ 

Kirkley and Springer, 1980 

Mader, 1973 

Minor et al, 1993 

OlendorfiF, 1975 

Dom, 1972 

Dunk et al, 1997 

Hooper et al., 1975 

Mishaga, 1973 

Smith and Murphy, 1973 

Steenhof et al., 1993 

Stiehl, 1985 

Gates, 1972 

Gilmer et al., 1983 

Hagar, 1957"" 

Hansen and Flake, 1995 

Johnson, 1975 

Kirkley and Springer, 1980 

Mader, 1978 

Minor et al., 1993 

Moorman et al., 1999 

Orians and Kuhlman, 1956 

Andersen, 1995 

Bechard, 1983 ' 

Bednarz and Hof&nan, 1986 

Dunkle, 1977"^ 

England et al, 1995 

Gilmer and Stewart, 1984 

Hansen and Flake, 1995 

Houston and Schmutz, 1995 

Olendorff, 1975 

Pilz, 1983 ' 



Orians and Kuhlman, 1956 

Petersen, 1979 

Rohner, 1996 ^ 

RuschetaL, 1972'" 

Seidensticker and 

Reynolds, 1971 

Smith and Murphy, 1979 

® Nest success 

" Young per successfol pair 

® Young per breeding pair 

** Reproductive data reported for 3 separate locations 

® Reproductive data reported for 4 separate locations 

Petersen, 1979'"® 

Restani, 1991 

Seidensticker and 

Reynolds, 1971 

Smith and Murphy, 1979 

Steenhof et al, 1993 ' 

Stout et al, 1998 

Porton, 1977' 

Renwald, inBednarz, 1986'^ 

Restani, 1991 

Rodriguez-Estrella, 2000 

Smith and Murphy, 1973 
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Table 2 

Average nearest-neighbor distance and density values for raptors and corvids on the 

Buenos Aires National Wildlife Refuge, Arizona. Values in parentheses following the 

mean are 95% CI for the mean. 

Nearest Neighbor Distance 

Species Conspecific (m) Interspecific (m) Density (nests/km^) 

Great homed owl 2205 (1871,2539) 624 (433,814) 0.029 (0,0.28) 

Raven 1846 (1600,2092) 1112 (921,1304) 0.082 (0,0.22) 

Red-taUed hawk 1343 (1193,1494) 1071 (941,1202) 0.129 (0.11,0.15) 

Swainson's hawk 2273 (1924,2622) 920 (755,1085) 0.057 (0,0.13) 



Table 3 

Nest success of raptors and corvids recorded on the BANWR, Arizona in 2000 and 2001 and relationship to values of nest 

success for raptors and corvids reported in the literature. 

Mayfield Conventional 

Species " Year n BANWR BANWR Literature' t ^ p" 

Great Homed Owl 2000 4 49(09,242) 50(01,99) 

2001 20 52 (33,82) 55 (33,77) 

Both 24 52(34,78) 54(34,74) 80(73,86) 8.718 <0.001 

Raven 2000 29 50 (34,73) 52 (34,70) 

2001 38 81 (66,98) 87(76,98) 

Both 67 65 (53,79) 72 (61,83) 72(59,84) 0.085 0.935 

Red-taUed Hawk 2000 54 46(34,62) 48 (35, 61) 



2001 53 57(44,74) 64(51,77) 

Both 107 51 (42,62) 56(47,65) 71 (65,76) 6.030 <0.001 

Swainson's Hawk 2000 21 53 (35,81) 52(31,73) 

2001 26 63 (45,88) 69(51,87) 

Both 47 58 (45,75) 62 (48,76) 70(65,76) 3.415 0.005 

® Average of values reported in the studies listed in Table 6. 

'' ghow df = 12, rave df = 6, rtha df = 15, swha df = 13 

® Result of t-test comparing the respective parameter in this study to values reported in the literature listed in Table 6. 

o 4^ 



Table 4 

Number of young fledged from successful raptor and corvid nests on the BANWR, Arizona in 2000 and 2001 and relationship 

to values reported in the literature. 

Species Year n BANWR Literature ® t p'^ 

Great Homed Owl 2000 4 1.50(0.55,2.45) 

2001 20 1.82(1.41,2.23) 

Both 24 1.77(1.41,2.13) 1.91 (1.77,2.05) 2.228 0.046 

Raven 2000 29 1.80(1.24,2.36) 

2001 38 2.73 (2.35,3.10) 

Both 67 2.44(2.10,2.77) 2.97(2.40,3.53) 2.407 0.061 

Red-tailed Hawk 2000 54 1.69(1.42,1.97) 

2001 53 1.97(1.73,2.21) 

Both 107 1.85(1.67,2.03) 1.89(1.74,2.04) 0.576 0.576 
o K/\  



Swainson's Hawk 2000 21 1.55 (1.23, 

2001 26 1.44(1.20, 

Both 47 1.48(1.29, 

1.86) 

1.69) 

1.68) 1.80(1.67,1.93) 5.449 <0.001 

® Average of values reported in the studies listed in Table 6. 

^ ghow df = 12 , rave df = 5 , rtha df = 11 , swha df = 10 

® Result of t-test comparing the respective parameter in this study to values reported in the literature listed in Table 6. 

o o\ 



Table 5 

Number of young fledged per breeding pair of raptors and corvids on the BANWR, Arizona in 2000 and 2001 and relationship 

to values reported in the literature. 

Species Year n BANWR Literature ® t 

Great Homed Owl 2000 4 0.75 (-0.30,1.80) 

2001 20 1.00(0.53,1.47) 

Both 24 0.96(0.54,1.38) 1.42 (1.27,1.56) 6.881 <0.001 

Raven 2000 29 0.93 (0.45,1.41) 

2001 38 2.37(1.95,2.79) 

Both 67 1.75(1.39,2.10) 2.39(2.70,3.07) 2.590 0.061 

Red-taUed Hawk 2000 54 0.81 (0.53,1.10) 

2001 53 1.26(0.98,1.55) 

Both 107 1.04(0.83,1.24) 1.35 (1.20,1.50) 4.431 0.001 



Swainson's Hawk 2000 21 

2001 26 

Both 47 

0.81 (0.44, 1.18) 

1.00 (0.67, 1.33) 

0.91 (0.67,1.16) 1.34(1.23,1.45) 8.388 <0.001 

® Average of values reported in the studies listed in Table 6. 

''ghowdf= 13, ravedf= 4, rthadf= 13, swhadf= 16 

Result of t-test comparing the respective parameter in this study to values reported in the literature listed in Table 6. 

o 
00 



Table 6 

The affect of nearest neighbor distances on nest success of raptors and corvids on the Buenos Aires National Wildlife Refuge, 

Arizona in 2000 and 2001. Proximity of nearest conspecific neighbors had a negative effect on the nest success of red-tailed 

hawks and ravens after accounting for differences in nest success between years, but not on great homed owls or Swainson's 

hawks. 

Nest Fate (Mean Distance [SE]) 

Species Succeed N Fail N Chi-Sq. P Odds' 95%CI Odds 

Great homed owl 2333 (290) 4 2131 (180) 7 0.445 0.505 1.096 0.837, 1.436 

Raven 1926 (133) 37 1575 (287) 11 3.732 0.053 1.109 0.998, 1.231 

Red-tailed hawk 1525 (111) 40 1094 (75) 29 7.126 0.008 1.182 1.046, 1.337 

Swainson's hawk 2493 (244) 21 1965 (216) 15 0.859 0.354 1.038 0.959, 1.125 

' Per 100 m increase in distance between nests 



Table 7 

The affect of conspecific nesting density on nest success of ravens on the Buenos Aires National Wildlife Refuge, Arizona 

2000 and 2001. Density of conspecific neighbors had a negative effect on the nest success of ravens after accounting for 

differences in nest success between years. 

Nest Fate (Mean Density [SE]) 

Distance Succeed N Fail N Chi-Sq. P Odds 95%CI Odds 

0-1 km 0.19(0.06) 43 0.47 (0.13) 15 6.013 0.014 0.119 0.022, 0.653 

0-2 km 0.63 (0.12) 35 1.82 (0.46) 11 9.562 0.002 0.229 0.090, 0.583 

0-3 km 2.40 (0.27) 20 2.80 (0.80) 5 1.395 0.238 0.571 0.225, 1.447 

0-4 km 4.20 (0.42) 15 3.75 (0.95) 4 0.102 0.749 0.880 0.401,1.931 



Table 8 

The affect of conspecific nesting density on nest success of red-tailed hawks on the Buenos Aires National Wildlife Refuge, 

Arizona in 2000 and 2001. Density of conspecific neighbors had a negative effect on the nest success of red-tailed hawks after 

accounting for differences in nest success between years. 

Nest Fate (Mean Density [SE]) 

Distance Succeed N Fail N Chi-Sq. P Odds 95%CI Odds 

0-1 km 0.22 (0.06) 50 0.49 (0.10) 37 7.092 0.008 0.282 0.111,0.716 

0-2 km 1.59 (0.20) 38 2.14(0.15) 29 4.311 0.038 0.584 0.351,0.970 

0-3 km 3.93 (0.37) 27 4.95 (0.32) 19 3.271 0.071 0.689 0.460, 1.032 

0-4 km 6.64 (0.54) 11 7.13 (0.48) 8 0.381 0.537 0.822 0.442, 1.530 



Table 9 

The affect of interspecific nesting density on nest success of ravens on the Buenos Aires National Wildlife Refuge, Arizona 

2000 and 2001. Density of interspecific neighbors had a negative effect on the nest success of ravens after accounting for 

differences in nest success between years. 

Nest Fate (Mean Density [SE]) 

Distance Succeed N Fail N Chi-Sq. P Odds 95%CI Odds 

0-1 0.70 (0.15) 43 0.60 (0.16) 15 0.002 0.961 0.981 0.466, 2.068 

0-2 2.69 (0.34) 35 3.00 (0.52) 11 0.277 0.598 0.906 0.627, 1.309 

0-3 6.85 (0.58) 20 9.00 (0.45) 5 3.496 0.062 0.565 0.310, 1.028 

0-4 12.6 (0.58) 15 14.25 (0.48) 4 2.542 0.111 0.409 0.136, 1.227 



Table 10 

The affect of interspecific nesting density on nest success of red-tailed hawks on the Buenos Aires National Wildlife Refiige, 

Arizona in 2000 and 2001. Density of interspecific neighbors had a negative effect on the nest success of red-tailed hawks 

after accounting for differences in nest success between years. 

Nest Fate (Mean Density [SE]) 

Distance Succeed N Fail N Chi-Sq. P Odds 95%CI Odds 

0-1 0.66 (0.11) 50 0.65 (0.14) 37 0.151 0.698 0.893 0.504, 1.582 

0-2 2.37 (0.21) 38 2.69 (0.27) 29 3.811 0.051 0.643 0.413, 1.002 

0-3 6.44 (0.52) 27 5.79 (0.54) 19 0.068 0.795 0.963 0.724, 1.280 

0-4 11.27(1.11) 11 9.88(1.46) 8 0.007 0.935 0.986 0.704, 1.382 



Table 11 

The afiFect of interspecific nesting density on productivity of red-tailed hawks on the Buenos Aires National Wildlife Refuge, 

Arizona in 2000 and 2001. Density of interspecific neighbors had a weak negative effect on whether or not > 1 young fledged 

from successful red-tailed hawk nests after accounting for differences in nest success between years. 

Nest Fate (Mean Density [SE]) 

Distance 1 Young N > 1 Young N Chi-Sq. P Odds 95%CI Odds 

0-1 0.50(0.12) 18 

0-2 1.75 (0.22) 12 

0-3 6.13 (0.79) 8 

0-4 9.33 (1.86) 3 

0.75 (0.16) 32 0.416 

2.65 (0.27) 26 2.968 

6.58 (0.66) 19 0.009 

12.00(1.34) 8 0.484 

0.519 1.334 0.556,3.202 

0.085 1.939 0.913,4.118 

0.923 1.020 0.685, 1.518 

0.487 1.371 0.564,3.332 
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Table 12 

Densities reported in the literature for raptors and corvids studied on the Buenos Aires 

National Wildlife Refuge, Arizona in 2000 and 2001. 

Author Density' Years State / Province Country 

Great Homed Owl 

Gilmer et al. 1983 0.010 3 ND USA 

01endorflfl975 0.012 2 CO USA 

Minor et al. 1993 0.016 10 NY USA 

Mclnvaille and Keith 1974 0.024 6 AB CAN 

Orians and Kuhlman 1956 0.069 3 WI USA 

Hagar 1957 0.088 2 NY USA 

Petersen 1979 0.108 4 WI USA 

Kirkley and Springer 1980 0.122 1 OH USA 

Smith 1969 0.147 2 UT USA 

Raven 

Hooper et al. 1975 0.026 3 wv USA 

Hooper 1977 0.033 3 VA USA 

Stiehl 1985 0.042 2 OR USA 

Linzet al. 1992 0.213 1 CA USA 



Red-tail 

Gilmer etal. 1983 0.005 

Bosakowski et al. 1996 0.080 

Minor et al. 1993 0.080 

Gates 1972 0.094 

Johnson 1975 0.125 

Mclnvaille and Keith 1974 0.125 

Orians and Kuhlman 1956 0.135 

Kirkley and Springer 1980 0.161 

Hagar 1957 0.176 

Petersen 1979 0.215 

Runyan 1987 0.278 

Rothfels and Lein 1982 0.445 

Swainson 

01endorfifl975 0.026 

Gilmer and Stewart 1984 0.051 

Schmutz 1984 0.052 

Rodriguez-Estrella 2000 0.065 

Bosakowski et al. 1996 0.100 

Pilz 1983 0.106 

Bednarz and Hoflfinan 1986 0.142 

i Hawk 

3 ND USA 

2 UT USA 

10 NY USA 

3 WI USA 

2 MT USA 

6 AB CAN 

3 WI USA 

1 OH USA 

2 NY USA 

4 WI USA 

7 BC CAN 

2 AB CAN 

s Hawk 

3 CO USA 

3 ND USA 

1 AB CAN 

2 DR MEX 

2 UT USA 

2 NM USA 

4 NM USA 
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Houston and Schmutz 1995 0.147 50 AB and SK CAN 

Rothfels and Lein 1982 0.185 2 AB CAN 

' Nesting Paris / km^ 



Table 13 

Nest success and productivity reported in the literature for raptors and corvids living in southwestern deserts. 

Author Nest Success YPS ^ YPB ^ n Years State Country 

Great Homed Owl 

Mader 1973 56 1.89 1.10 16 1 AZ USA 

Smith and Murphy 1979 84 1.98 1.67 44 4 UT USA 

Raven 

Mishaga 1973 ' 71 3.00 2.14 7 2 NM USA 

Smith and Murphy 1973 ^ 93 — 2.57 14 4 UT USA 

Red-tailed Hawk 

Hobbs 2004 86 2.13 1.82 28 2 AZ USA 

Mader 1978 81 1.91 1.55 42 3 AZ USA 

Smith and Murphy 1979 88 1.70 1.50 38 4 UT USA 



Swainson's Hawk 

Bednarz and Hoffinan 82 1.96 1.50 

1986 

Pilzl983 — — 1.64 

Portonl977 55 —- 1.18 

Renwald, in Bednarz 1986 -— -— 1.85 

Rodriguez-Estrella 2000 75 1.80 1.35 

Smith and Murphy 1973 60 -— 1.40 

^ Chihuhuan Raven 

'y 

Common Raven 

^ No. young fledged per successful pair 

^ No. young fledged per breeding pair 

72 4 NM USA 

14 2 NM USA 

11 1 AZ USA 

32 — NM USA 

35 2 DR MEX 

5 4 UT USA 



Table 14 

Published dietary overlap among assemblage members for several U.S. locations. 

Arizona study site. 

Utah study site most closely matches 

Species Pair UT MI WI ID MT Western U.S. Eastern U.S. 

Great homed owl — Raven 0.58^ — 

Great homed owl ~ Red-tailed hawk 0.95' 0.64' 0.27' - - 0.42(0.3)^ 0.58 (0.2)^ 

Great homed owl ~ Swainson's hawk 0.77' ~ 

Raven ~ Red-tailed hawk 0.68^* — 

Raven ~ Swainson's hawk 0.57^ — 

Red-tailed hawk ~ Swainson's hawk 0.80' - - 0.83^ 0.93^ ~ 

^Jaksic, 1982 

^ Hansen and Flake, 1995 

^ Restani, 1991 

* Calculated from data in Smith and Murphy (1973) using the formula in Pianka (1973) 



^ Marti and Kochert, 1995; Overlap based on 13 studies, including 10 in breeding season, 2 year round, and 1 in winter; values 

in parentheses are SD. 
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Fig. 1. Annual precipitation for Buenos Aires National Wildlife Refuge, 1993-2002. 

Study years were 2000 and 2001. 

Fig. 2. Timing of nesting of raptors and corvids recorded on the Buenos Aires National 

Wildlife Refuge, Arizona in 2000 and 2001. 

Fig. 3. Undocumented immigrant apprehensions for the Border Patrol, Tucson Sector, 

1992 - 2003. (Data for 1992-2000 from BLM 2003. Data for 2001-2003 from Rob 

Daniels, personal communication.) 

Fig. 4. Photographs showing mesquite invasion of desert grasslands on the Santa Rita 

Experimental Range 45 km N/NE of the Buenos Aires National Wildlife Refuge. 

Photographs on the left were taken between 1902 and 1904. Photographs on the right 

were taken between 1987 and 1998 at the same locations as the photographs on the left. 

(Data sets were provided by the Santa Rita Experimental Range Digital Database 

[www.ag.arizona.edu/SRER/]. Funding for the digitization of these data was provided by 

USDA Forest Service Rocky Mountain Research Station and the University of Arizona. 

Photo Archive No.'s are: 234.1.1902.09 [Top Left], 234.2.1998.11 [Top Right], 

230.2.1902 [Middle Left], 230.2.1987.01 [Middle Right], 333.1.1904.09 [Bottom Left], 

333.1.1997.10 [Bottom Right].) 

http://www.ag.arizona.edu/SRER/
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APPENDIX C 

(Formatted for Journal of Raptor Research) 

Breeding biology and nest-site selection of red-tailed hawks in an altered desert grassland 
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ABSTRACT.—^Red-tailed Hawks (Buteo jamaicensis) have expanded their range as trees 

have invaded formerly open grassland. Desert grasslands of southern Arizona have been 

invaded by mesquite trees (JProsopis velutina) since Anglo-American settlement and now 

support a large population of Red-tailed Hawks. We studied a population of Red-tailed 

Hawks in a desert grassland in southern Arizona. Our objectives were to determine what 

environmental characteristics influence Red-tailed Hawk habitat selection in mesquite-

invaded desert grasslands and to evaluate the habitat quality of these grasslands for Red-

tailed Hawks based on nesting density, nest success, and productivity. Red-tailed Hawks 

had 86% (95% CI: 73, 99) nest success and 1.82 young per breeding pair (95% CI: 1.41, 

2.23). Nesting density was 0.15 (95% CI; 0.08, 0.21) breeding pairs/Ton^ and the average 

nearest-neighbor distance was 1.95 km (95% CI: 1.74, 2.16). Red-tailed Hawks selected 

nest-sites with taller nest-trees and greater vegetation volume than were available at 

random. Mesquite trees in desert grasslands provide abundant potential nesting structures 

for Red-tailed Hawks. 

KEY WORDS; Red-tailed Hawks-, Buteo jamaicensis; desert grasslands-, breeding biology, 

habitat selection-, Arizona. 
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Red-tailed Hawks {Buteo jamaicensisy have expanded their range during the last 

century as grazuig and fire suppression have allowed the establishment of trees in 

grasslands throughout the western United States (Gilmer et al. 1983, Houston and 

Bechard 1983, Preston and Beane 1993). Desert grasslands in the southwest were 

historically relatively treeless, but have been invaded by mesquite (Prosopis velutina) 

since Anglo-American settlement in the 1870s (Bahre 1995, McClaran 1995). Mesquite 

iavasion should have increased the availability of Red-tailed Hawk nest-sites in desert 

grasslands. 

Although invasion of other grasslands by trees has allowed Red-tailed Hawks to 

expand their range, the importance of mesquite invasion in desert grasslands is unknown. 

In the Sonoran desert scrub of southern Arizona, Red-tailed Hawks nest exclusively in 

saguaro cactus (Camegiea giganted), despite the presence of trees such as paloverde 

(Cercidium spp.) and ironwood (Olneya tesota) (Mader 1978). Red-tailed Hawks may be 

inhibited fi-om nesting in paloverde and ironwood because of their canopy structure 

(Mader 1978). Saguaro densities are low in desert grasslands. If Red-tailed Hawks are 

inhibited from using mesquite, as they are paloverde and ironwood, nest-sites may be 

limiting in desert grasslands despite the abundance of mesquite. 

We studied a Red-tailed Hawk population in the desert grasslands of southern 

Arizona. Our objectives were to determine what environmental characteristics influence 

Red-tailed Hawk habitat selection in mesquite-invaded desert grasskinds and to evaluate 

the habitat quality of these grasslands for Red-tailed Hawks by comparing their density. 
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nest success, and productivity in this environment to the results of Red-tailed Hawk 

studies in other environments. 

METHODS 

Study Area. The study area was a 100-km^ area of desert grassland located on 

the University of Arizona's Santa Rita Experimental Range (SRER), which is about 40-

km south of Tucson in Pima County, Arizona (McClaran 1995). Red-tailed Hawks were 

the most common large raptor on the SRER, but Swainson's Hawks (JB. swainsoni) and 

Great Homed Owls (Bubo virginianus) were also present. 

Desert grasslands in Arizona form a perennial grass-scrub dominated landscape 

transitioning into desertscrub at lower elevations and oak-pine woodlands at higher 

elevations (Brown 1994). The SRER is located between 900 and 1300 m elevation on 

gently sloping alluvial fans bisected by drainages. It receives between 250 and 500 mm 

of rain per year with over half the annual rain felling between July and September 

(Anable 1989). Winters are mild with freezing temperatures occurring usually less than 

100 days a year. Simimers are hot, with daytime temperatures occasionally >38° C 

(Brown 1994). 

Nest Searches. We used both walking and driving surveys between April and 

July of 1999 to search the study area for all nests of large raptors (Fuller and Mosher 

1987). We drove all roads on the study area at 15-25 kph (130 km) and walked all non-

roaded areas on foot (193 km). 

We used a hand-held Global Positioning System (GPS) unit to record the location 

of all nests that we found and identified which nests had breeding Red-tailed Hawks. 
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Pairs were considered breeding if eggs, young, or incubating adults were present during a 

nest check (Steenhof 1987). In April 2001, we revisited all old stick nests located in 

1999 to determine which nests were occupied by breeding Red-tailed Hawks. 

Nest Success and Productivity. We checked all occupied nests every 10-14 days 

to determine nesting status and number of young fledged. Nest check intervals <15 days 

seem to be suflBcient for determining nest success of raptors without violating the 

assumptions of the Mayfield method (Johnson 1979). Nests were checked from >50 m 

away whenever possible to reduce disturbance to nesting hawks. 

We calculated both conventional and Mayfield nest success to facilitate 

comparisons vidth other studies (Mayfield 1975, Hensler and Nichols 1981). We 

calculated conventional nest success as the number of successfiil nests divided by the 

number of occupied nests and used a 78-day nesting cycle for Mayfield calculations 

(Nice 1954, Preston and Beane 1993). 

Productivity was measured as the number of yoimg fledged per successful pair 

(YSP) and per breeding pair (YBP) (Minor et al. 1993). A breeding pair was considered 

successfiil if at least 1 young was in the nest at 80% of fledging age (>37 days) 

(Steenhoff and Kochert 1982). Fledge or Ml dates were assumed to be the midpoint 

between the last visit in which young were recorded in the nest and the next visit when 

the nest was unoccupied (Mayfield 1975). 

Nest-Site Selection. To examine nest-site selection, we recorded vegetation 

characteristics within a circular plot of 11.3 m radius (0.04 ha) at nest-sites (N = 20) and 

randomly selected locations (N == 30). Random points were selected from a grid of 
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potential points 100 m apart covering the entire study area; 15 random points were 

selected from this grid for each year of the study. Nest-sites that were sampled in 1999 

(N = 14) were not sampled again in 2001, even if they were active in both years. Because 

we did not mark individual birds, however, different nests within the same territory may 

have been measured in both years. 

Nest-site plots were centered on the nest-tree, and random plots were centered on 

the nearest tree (>2.5 m) to the pre-selected coordinate. Woody plants >2.5 m tall were 

considered to be trees and those <2.5 m tail were considered to be shrubs. 

We recorded species, height, and presence or absence of mistletoe {Phoradendron 

californicum) for nest and random trees. Nest height was measured only at nest-sites. 

We measured the following variables at both nest-site plots and randomly selected plots: 

average height of trees, shrubs, and grasses; percent cover of trees, shrubs, grasses, and 

bare groimd; number of trees on the plot; and elevation of the plot. Height and cover 

were estimated visually. Height estimates were facilitated by the use of a 3-m measuring 

pole. Elevations were obtained from a 30-m Digital Elevation Model (DEM) by 

sampling elevation at nest-site and random plot locations using Arclnfo GIS software 

version 7.2.1 (ESRI 1998). 

We used logistic regression to assess differences in nest success and nearest-

neighbor distances between years. We used stepwise logistic regression with P = 0.25 to 

enter and P = 0.10 to remove to assess the effects of environmental variables on nest-site 

selection. Before analysis, height and cover of trees were converted into volume by 

multiplying the areal coverage of the vegetation by its height. Shrubs and grasses were 
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combined for analysis into a single variable representing ground cover by calculating the 

volume for both shrubs and grasses in the same manner as trees and adding the volumes 

of the two variables together. We lumped the percent cover of litter, herbs, and bare 

ground on a plot into a single variable. Logistic regression analyses were run in 

SYSTAT Version 9.0 (SPSS 1998). All other statistical analyses were run in SPSS 

version 10.0.5 (SPSS 1999). Before beginning analyses, we checked for variables with 

correlations >0.7 and removed the variable with the least discriminatory power (largest P-

value, Table 1). 

RESULTS 

Nesting Information, Nest Success, and Productivity. We located 14 breeding 

pairs in 1999 and 15 in 2001. Data for one nest from 1999 were excluded from 

calculations of nest success and productivity because we did not know the fate of the 

nest. Nine (64%) of the nests occupied in 1999 were also occupied in 2001. Red-tailed 

Hawks averaged 86% (73, 99) nest success and 1.82 (1.41, 2.23) young per breeding pair 

over the course of the study. Nest success was similar between years (t26 = 0.90, P = 

0.37) (Table 2). 

Density and Nearest-Neighbor Distances. Nesting density was 0.14 (0, 0.32) 

breeding pairs per km^in 1999 and 0.15 (0, 0.33) breeding pairs per km^ in 2001. 

Average nearest-neighbor distance was 1896 m (1542, 2251) in 1999, 2006 m (1722, 

2290) in 2001, and 1953 m (1742, 2164) for both years combined. There was no 

difference in nearest-neighbor distances between years (ti? = 0.54, P = 0.59). 
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Nest-Tree Characteristics. Red-tailed Hawk nests were located most frequently 

in mesquite trees (N = 16, 80%), but were also located on telephone pole cross bars (N = 

3, 15%) and in Mexican blue oak (Quercus oblongifolia) (N = 1, 5%). Nest-trees were 

taller than randomly selected trees (Table 1). The odds of a tree being a nest-tree rather 

than a random tree on the landscape increased 9.69 (2.49, 37.69) times for each meter 

increase in tree height (t48 = 3.28, P = 0.001). 

Nest-Site Characteristics. Total volume of trees was greater at nest-sites than at 

random sites (Table 1). The odds of a plot being a nest-site rather than a random site 

increased 1.03 (1.00,1.06) times for each 10 m^ increase in tree volume (t48 = 2.09, P = 

0.04). No other variables measured explained differences between nest and random sites 

(X^i < 0.66, P > 0.42). Because tree volume was calculated from measurements of tree 

height and percent cover of trees, we examined which of these variables better explained 

differences in tree characteristics between nest-sites and random plots. Although percent 

cover of trees was different between nest and random plots when considered alone (t48 = 

1.98, P = 0.05), it was not significant when average height of trees on the plot was taken 

into account (x^i = 1.31, P = 0.25). The odds of a plot being a nest-site rather than a 

random site increased 2.31 (1.17, 4.57) times for each meter increase in the average 

height of trees on a plot (t48 = 2.41, P = 0.02). 

DISCUSSION 

Nest Success and Productivity. The nest success that we observed (86%, Table 

2) was toward the upper end of the range of nest success reported for Red-tailed Hawks, 

which ranges from 50% (Seidensticker and Reynolds 1971) to 88% (Smith and Murphy 
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1979). In the desert scrub of Arizona, which is located lower in elevation than the 

grasslands of this study, nest success for a three-year period (1974-1976) was 81% 

(Range: 71-93%) (Mader 1978). 

Productivity on our study site (2.13 YSP, 1.82 YBP, Table 2) was among the 

highest reported in the literature. Mean annual productivity reported in the literature 

ranged from 1.67 (Minor et al. 1993) to 2.55 (Johnson 1975) young per successful pair 

and from 0.84 (Moorman et al. 1999) to 1.74 (Smith and Murphy 1973) young per 

breeding pair. In Arizona desert scrub, average productivity per breeding pair between 

1974 and 1976 was 1.55 (Range: 1.36-1.79) (Mader 1978). The productivity that we 

observed suggests adequate reproductive success for population stability (Henny and 

Wight 1969), but we did not collect data on other factors that may influence population 

dynamics, such as juvenile or adult survivorship or the number of territorial pairs that 

failed to breed. 

Nest-Tree Characteristics. The nest heights and nest-tree heights that we 

measured are among the lowest reported in the literature (Mader 1978, Schmutz et al. 

1980, Hansen and Flake 1995). This is probably a result of the structural composition of 

desert vegetation. Mesquite trees, the primary nest-support structures on our study site, 

rarely grow over 10 m tall. Red-tailed Hawk nest and nest-tree heights (6.6 m and 8.4 m, 

respectively) in the saguaro-paloverde flatlands of Arizona are also among the lowest 

reported in the literature (Mader 1978). 

Red-tailed Hawks in saguaro-paloverde flatlands used saguaros exclusively for 

nest structures, despite the presence of ironwood and paloverde trees. This may be 
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because Red-tailed Hawks have difficulty penetrating and constructing nests in the 

canopies of ironwood and paloverde trees (Mader 1978). However, Red-tailed Hawks 

did not appear to have trouble penetrating and building nests in mesquite canopies. 

Although it is possible that canopy structure could inhibit Red-tailed Hawks from 

nesting in some tree species, we believe that the height and availability of trees 

determines selection, rather than floristics (Petersen 1979). This means that the most 

conspicuous trees on the landscape tend to be the most common nest-trees for Red-tailed 

Hawks. On our site, mesquites tended to be the largest, most abundant, trees and were 

used most frequently as nest-trees. In the saguaro-paloverde flatlands, saguaros are the 

most conspicuous potential nest structures. Despite the presence of saguaros scattered 

throughout portions of our study site, no Red-tailed Hawks in our study nested in 

saguaros. 

Nest-Site Characteristics. Red-tailed Hawk nest-site characteristics vary vsddely 

with vegetation and topography (Preston and Beane 1993). Our results indicate that nest-

sites of Red-tailed Hawks in grasslands of southern Arizona had greater tree volume than 

randomly selected plots, including greater tree height and greater tree cover. Greater tree 

volume may offer some potential benefits to nesting Red-tailed Hawks such as protection 

of the nest from strong winds or concealment from some types of predators. Newton 

(1979) suggests that a thick nest-tree crown may conceal the nest from below. Thick 

canopies on trees immediately surroimding the nest-tree would supplement this ftmction. 

However, we believe that greater vegetation volume at nest-sites in this environment is a 
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by-product of the edaphic factors that produce trees of suflScient height to be selected as 

Red-tailed Hawk nesting substrates. 

Response to an Altered Environment. "Plasticity" in nest-site selection and a 

generalist diet have allowed Red-tailed Hawks to colonize a wide diversity of 

environments from scrub desert to tropical rainforest (Preston and Beane 1993). This 

plasticity appears to have allowed them to capitalize on changes in desert grasslands, as 

well. Since the late 19"* century, desert grasslands on the SRER have been invaded by 

mesquite, shrubs, cacti, and non-native grasses, creating a mesquite-Lehman lovegrass 

(Eragrostis lehmanniana) savannah (Medina 1996, McClaran 2003). Elsewhere in the 

United States where trees have invaded formerly open grasslands, Red-tailed Hawks have 

extended their ranges or become more common (Houston and Bechard 1983). Mesquite 

invasion has likely increased the abundance of Red-tailed Hawks in desert grasslands by 

increasing the number of potential nest-sites and hunting perches. Mesquite did not 

appear to inhibit the ability of Red-tailed Hawks to penetrate and construct nests in their 

canopies. In fact, mesquite-invaded desert grasslands seem to provide high quality 

habitat for Red-tailed Hawks. Red-tailed Hawk density and nearest-neighbor distances 

were well within the range of values reported in the literature (Orians and Kuhlman 1956, 

Seidensticker and Reynolds 1971, Smith and Murphy 1973, Mclnvaille and Keith 1974, 

Wiley 1975, Springer and Kirkley 1978, Rothfels and Lein 1983, Minor et al. 1993, 

Bosakowski et al. 1996, Stout et al. 1998) and reproductive success was high. 
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TABLE 1: Means (SE) of characteristics measured at Red-tailed Hawk nest sites and random locations on the Santa Rita 

Experimental Range, Arizona in 1999 and 2001. 

Characteristic Red-tailed Hawk Random F'' P'' 

N 20 30 

Nest Tree Height (m) 7.1 (0.4) 3.8 (0.2) 61.1 < 0.001 

Nest Height (m) 5.6 (0.5) 

Average Tree Height (m) 4.5 (0.2) 3.8 (0.2) 7.4 0.01 

Tree Cover (%) 22.9 (2.4) 16.5(1.9) 4.5 0.04 

Tree Volume (m^) 415.1 (49.8) 270.8 (39.8) 5.2 0.03 

Tree Count 4.7 (0.8) 3.7 (0.6) 1.0 0.33 

Ground Cover Volume (m^) 93.3 (7.9) 117.8(10.5) 2.9 0.10 

Bare (%)' 45.5 (2.3) 42.6 (3.2) 0.5 0.50 

Elevation (m) 1132.5(23.0) 1135.6(16.84) 0.0 0.91 

® Bare ground removed from logistic regression analysis because of high correlation (r>0.7) with groxmd cover. 



'' One-way ANOVA 



Table 2. Nest success and productivity ( X  [95% CI]) recorded for Red-tailed Hawks on the Santa Rita Experimental Range, 

Arizona in 1999 and 2001. 

Nest Success (%) 

Year N Mayfield Conventional 

1999 13 82 (55,124) 92 (77,107) 

2001 15 66(40,110) 80(60,100) 

All 28 72(52,101) 86(73,99) 

No. of Young Fledged 

Per Successful Pair Per Breeding Pair 

2.08(1.66,2.51) 1.92(1.40,2.44) 

2.17(1.57,2.76) 1.73 (1.06,2.41) 

2.13 (1.79,2.46) 1.82 (1.41,2.23) 


