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ABSTRACT 

I studied Gray Hawks (Asturina nitida) nesting along the upper San Pedro River 

in southeastern Arizona from 1995 to 1997. I identified 27 territories within the study 

area with a mean of 24.3 territories occupied per year. Productivity averaged 1.32 young 

per occupied nest during the study. Years did not differ in number of successful nests or 

in number of young produced. Mean size of home ranges (n = 10 males), based on the 

90% adaptive kernel method, was 59.2 ha (range 21.4 - 91.2). Gray Hawk diet was 

composed of 68.6% reptiles, the majority being whiptail lizards fCnemidophorus spp). 

Daily foraging patterns were bimodal with peaks during mid-morning and late afternoon. 

Almost all Gray Hawk nests were located in cottonwoods fPopulus fremontii). Nest trees 

tended to be dominant trees in the area. Gray Hawks did not use vegetation randomly 

within their home ranges. Mesquite (Prosopis iuliflora) and cottonwood were used more 

than expected based on availability. Nearly 80% of all foraging locations were in 

mesquite. Within mesquite. Gray Hawks used areas of taller trees and lower horizontal 

cover than found at random sites. Trees used as foraging perches were taller than the 

surrounding canopy. Foraging and random sites did not differ in prey abundance 

indicating that prey availability is more important than prey abundance in determining 

where Gray Hawks forage. I developed a method of predicting home ranges for all 27 

territories utilizing telemetry information from a sample of male hawks, a geographic 

information system, and logistic regression. This model produced estimates of 

vegetative composition within home ranges that were correlated strongly with vegetation 
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composition in home ranges based on telemetiy. The models I developed performed 

better than circular buffers around nest sites. Using the predicted home ranges, I 

developed an ordinal logistic model to identify what vegetative components influence 

Gray Hawk productivity. Area of mesquite was the primary determinant of habitat 

quality in Gray Hawks. Cottonwood-willow (Salix eooddineii) vegetation also can 

increase quality of home ranges when mesquite is present in low amounts. 
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INTRODUCTION 

Successful management of a wildlife species requires knowledge of how that 

species selects and uses its habitat. Species appear to respond to environmental cues, 

possibly at several spatial scales, that trigger residency in a given area. Therefore, 

occupancy of an area by individuals of a species indicates that the area is habitat (i.e., the 

area provides the individual with the resources it needs to survive) (Hall et al. 1997). 

However, all areas that function as habitat for a species do not necessarily have the same 

level of critical resources. Thus, habitat for a species may vary from high to low quality 

(Morrison et al. 1998). 

In the past, the density of animals in an area has been used as an index of the 

quality of the area as habitat for a species. However, in some situations density may not 

be a good indicator of habitat quality (Van Home 1983), especially at relatively fine 

scales of resolution. For example, in areas of high animal density, territories of some 

individuals may be of higher quality than others within the same area. Therefore, 

measures of environmental features that may influence habitat quality are averages from 

a sample of areas representing a mix of qualities. One way to measure quality at a finer 

scale would be to measure productivity and survival of individual animals in a sample of 

territories in the area (Van Home 1983), and assume that those territories that support 

productive, long-lived animals are of high quality. Although assessing survival requires 

long-term data, productivity may be relatively easy to measure for species, such as 

raptors, that are tied to specific breeding sites. Identifying environmental components. 
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such as prey availability, that are associated with high quality sites would then provide 

clues about the features that promote quality. 

The Gray Hawk (Asturina nitida) is a medium-sized, neotropical raptor that 

ranges form southern Arizona and Texas south to Argentina and Paraguay (Brown and 

Amadon 1968). In the United States they are migratory and breed in riparian forests 

associated with mesquite (Prosopis juliflora) bosques. They forage within the bosques, 

feeding primarily on reptiles (Stensrude 1965, Glinski 1988). Therefore, distribution or 

abundance of mesquite may be a primary determinant of habitat quality in Gray Hawks. 

I studied Gray Hawks nesting along the upper San Pedro River in southeastern 

Arizona from 1995 - 1997. Gray Hawks have nested along this stretch of river for at least 

25 years, and the breeding population has substantially increased in recent years. 

Unpublished records of productivity along the river indicate that certain breeding sites 

consistently support productive individuals whereas other sites support individuals that 

are only marginally productive. This variation in site productivity over many years, even 

with probable turnover of breeding adults, suggests that habitat quality varies among 

breeding sites along the river. I studied productivity and habitat use of Gray Hawks in 

order to identify what components of habitat determine habitat quality in Gray Hawks. 

In the following chapters I present the results of my research. In Chapter 1, 

"Nesting Ecology of Gray Hawks," I present information on productivity, home range 

size and vegetative composition, diet and foraging behavior, and a characterization of 

nest sites. In Chapter 2, "Habitat Selection of Nesting Male Gray Hawks," I present 
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information on habitat selection within home ranges, and identify features that 

characterize Gray Hawk foraging sites. In Chapter 3, "Predictive Modeling of Home 

Ranges of Gray Hawks," I describe how I developed and validated a model to predict 

home ranges of Gray Hawks. Lastly, in Chapter 4, "Relationship Between Foraging 

Habitat Quality and Nest Site Productivity in Gray Hawks," I identify and discuss the role 

vegetative components of home ranges have on productivity of Gray Hawks. 
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CHAPTER 1 

NESTING ECOLOGY OF GRAY HAWKS 

INTRODUCTION 

There is little quantitative information on the nesting ecology of Gray Hawks. 

Glinski and Millsap (1987) and Glinski (1988) provide the only quantitative information 

on diet and productivity of Gray Hawks in Arizona. Nesting habitat has not been 

quantified except for narrative descriptions of individual nest sites (Glinski 1988), and 

there is no information on size of home range or habitat use. However, Gray Hawks are 

known to occupy riparian woodlands of mesquite and hackberry fCeltis reticulata) that 

are adjacent to stands of cottonwood fPopulus firemontii) and willow (Salix gooddmgii) 

(Glinski and Millsap 1987). 

Currently there are about 80 breeding pairs of Gray Hawks within the watersheds 

of the Santa Cruz and San Pedro rivers in southern Arizona. Cottonwood-willow and 

mesquite account for almost 93 percent of the riparian vegetation along these rivers 

(Hunter et al. 1987). However, desert riparian areas in the southwestern United States 

are among the most endangered areas in North America and have been substantially 

altered by human activities (Tellman et al. 1997). Increased demand for water by 

humans has led to substantial depletion of both ground and surface water (Minckley and 

Brown 1982, Tellman et al. 1997). As a result, the area in southern Arizona capable of 

supporting cottonwood-willow forests and associated mesquite bosques is decreasing. In 

addition, commercial and residential development within these areas threatens to further 
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reduce the amount of available Gray Hawk habitat within Arizona. Effective 

management of Gray Hawk habitat requires knowledge of basic life history information. 

Therefore, I examined the diet, productivity, characteristics of nest sites and home 

ranges, and habitat use of Gray Hawks in Arizona. 
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STUDY AREA AND METHODS 

I studied Gray Hawks breeding along the San Pedro River in southeastern Arizona 

from 1995-1997. The study area was defined as the length of river between the northern 

and southern boundaries of the San Pedro Riparian National Conservation Area, 

administered by the Bureau of Land Management, in Cochise County (Figure 1.1). This 

area encompasses about 23,500 ha along 64 km of perennial and intermittent river at an 

elevation of 1,125 to 1,280 m. 

Productivity 

I conducted fieldwork from early April through July of each year. I located nest 

sites by intensively searching cottonwood forests along the river early in the breeding 

season. Territories of Gray Hawks are relatively easy to locate because the hawks are 

vocal prior to incubation, and give alarm calls when humans enter the nest area. After a 

territorial pair was located, I searched all suitable nest trees for nest structures. I 

revisited occupied sites at least 4 times throughout the breeding season to determine 

productivity. Terminology used for productivity measurements follows that used by 

Steenhof (1987). To determine the number of young produced I climbed the nest tree, 

usually within 2 weeks prior to fledging of the nestlings, and counted nestlings. All 

young were sexed and fitted with U.S. Fish and Wildlife Service bands, and several nest 

measurements were taken. If I could not safely climb a nest tree, I counted nestlings 

from the ground. At least 2 visits were made to these nests during the late nestling stage 

in order to increase the reliability of the count of nestlings from the ground. 
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Hereford Rd 

20 Kilometers 

Figure 1.1. San Pedro River study area, Cochise County, Arizona. Shading indicates San 
Pedro National Conservation Area which served as the study area. 
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Reproductive success was evaluated at each nest site each year. For each year I 

determined the number of breeding sites, number of sites at which young were 

successfully produced, and number of young produced at each site. In addition, the 

number of young produced during the entire 3-year study was determined by site. 

Number of successful nests among years was compared using the log-likelihood chi-

square test (Sokal and Rohlf 1981). Number of young produced was compared among 

years with the Kruskal-Wallis test (Gibbons 1985). 

Radiotelemetrv 

I radiotagged breeding male Gray Hawks in order to determine home range size 

and to locate foraging areas. Male Gray Hawks were trapped using a dho-gaza set with a 

live Great-homed Owl (Bubo vireinianus) as a lure (Bloom 1987). Radiotransmitters 

(Holohil Systems PD-2 transmitters. Carp, Ontario, Canada) were tail-mounted to the 

least wom central rectrix with dental floss and epoxy (Dunstan 1973). Transmitter 

weight (3.8 g) was less than 1 percent of the adult male body weight. 

I used Telonics TR-4 receivers (Telonics, Mesa, Arizona) to follow radiotagged 

males approximately weekly during sessions usually lasting 4 to 8 hours. Observation 

periods were terminated if it appeared that the bird was changing its behavior as a result 

of my activities. I used homing (Mech 1983) to relocate birds at hourly intervals. 1 

mapped locations of perched birds on transparent overlays of aerial photos that allowed 

identification of individual trees. For each location, the time, type of location, and 

behavior of the bird were noted. Type of location indicated whether the location was 
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based on visual, auditory, or radio cues. Visual locations had the highest accuracy, 

followed by locations based on auditory cues (i.e., the bird was heard vocalizing). I 

obtained locations based on radio cues from close range, and only used such locations 

when I had a high degree of confidence that the bird was within 30 m of the mapped 

location. Behavior of the bird was recorded as hunting, loafing, or unknown. I used 

a geographic information system (Arc/Info and Arcview 3.1, Environmental Systems 

Research Institute, Inc., Redlands, California) to obtain universal transverse mercator 

coordinates of bird locations. I digitally scanned the aerial photos used for field mapping 

and registered the scanned images to existing thematic coverages for the study area. 

Locations were then digitized using the digital photos as reference. I used RANGES V 

(Institute for Terrestrial Ecology, UK) to calculate boundaries of the home ranges based 

on the 90 percent adaptive kernel and minimum convex polygon methods. Adaptive 

kernel ranges were calculated using a 40-m by 40-m grid. Least squares cross validation 

was used to determine the smoothing factor, and home ranges were only calculated when 

at least 30 observations were obtained for a bird as reconmiended by Seaman et al. 

(1999). 

Foraging Behavior and Diet 

The number of foraging locations was compared to the total number of locations 

for each daylight hour to examine temporal patterns in foraging behavior. Only hourly 

locations were used for this analysis in order to achieve independence of data points. 

Two successive locations may be considered independent if the animal is capable of 
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moving to any other point within its home range within the given time interval (White 

andGarrott 1990). 

I determined diet of Gray Hawks in 1995 by direct observation of prey deliveries 

at nest sites during the nestling stage. All observations were conducted from ground-

based blinds located in a position that provided the best view of the nest. One person 

conducted the nest observations concurrently with a second person obtaining telemetry 

locations at the same site. During each prey delivery, food items were identified to the 

lowest taxonomic level possible. 

Nest Site Characterization 

1 measured or calculated 15 features at each nest site. Height of the nest, the nest 

tree, and the adjacent forest canopy were measured with a clinometer. Height of the 

adjacent forest was determined by obtaining the heights of the 4 nearest dominant trees 

within 100 m of the nest tree. These heights were averaged to obtain the overall canopy 

height. Cover was estimated using a convex spherical densiometer (Lemmon 1957). 

Nest cover was estimated by averaging densiometer readings from 2 locations on the nest 

structure. Canopy cover was determined by averaging densiometer readings from 

directly under the nest and at points 10 m in each cardinal direction from the point 

directly under the nest. I used a diameter tape to measure diameter at breast height of the 

nest tree. I counted the number of trees (Dbh > 10 cm) within the square 0.02- ha plot 

with comers at the points used to measure canopy cover. I used a compass to determine 

the directional quadrant (northeast, northwest, southeast, southwest) of the tree that the 
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nest was located in was determined relative to the main stem. At the nest I measured the 

maximum and minimum widths of the nest structure, depth of the nest from top of rim to 

deepest point, and depth of cup from top of rim to deepest point. The species of the nest 

tree was recorded. In addition, 2 variables were calculated, nest location and nest tree 

dominance. Nest location was the nest height expressed as the percent of the nest tree 

height. Nest tree dominance is the nest tree height divided by the surrounding canopy 

height. Dominance values below 1 indicate the tree is shorter than the surrounding 

canopy (i.e., subordinate), and values greater than 1 indicate the tree is taller than the 

surrounding canopy (i.e., dominant). 

I used the log-likelihood chi-square test (Manly et al. 1993) to examine whether 

nests were uniformly distributed among quadrants. I used a t-test to compare vertical 

cover at the nest to ground-based cover in the nest tree vicinity. Cover percentages were 

transformed using the arcsine transformation (Sokal and Rohlf 1981). I used a t-test to 

compare nest tree height with adjacent canopy height. Tree heights were transformed 

using the natural log transformation because they were not normally distributed. 



RESULTS 

Productivity 

I identified 27 Gray Hawk breeding territories during the 3 years of this study 

(Figure 1.2). An average of 24.3 sites were occupied per year (range 23-25, Table 1.1). 

The majority of sites (21, 78%) were occupied each year. Four sites (15%) were 

occupied during 2 of the 3 years, and the remaining 2 sites (7%) were occupied during 

only 1 year of the study. 

Nearly two-thirds of all breeding attempts were successful during the 3 years of 

the study (Table 1.1). Number of successful breeding pairs (log-likelihood x^2 ~ 2.257, 

P = 0.3235) did not differ among years with an average of 16 successful pairs per year 

(range 14-19). Nest territories varied in the number of years during which breeding pairs 

produced young. Nine of the 27 (33%) territories had breeding pairs that were successful 

during each year, 7 (26%) territories had pairs that were successful in 2 years, 7 (26%) 

territories had pairs that were successful in 1 year, and the remaining 4 (15%) territories 

never had pairs that successfully fledged young. Of the 21 territories that were occupied 

by breeding hawks during all 3 years, 9 (43%) territories had pairs that were successful 

during all 3 years, 6 (28%) territories had pairs that were successful during 2 of the 3 

years, 5 (24%) territories had f)airs that were successful during 1 of the 3 years, and 1 

(5%) territory had a breeding birds that were not successful during any year. 

Productivity averaged 1.32 young per occupied site during the 3 years of the study 

(range 1.12 - 1.56). Number of young produced (Kruskal-Wallis, X^2 approximation = 
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1 \ 

Y0& > k 
\£|f#4b^^L X. ,:i/.!'f:JSrW'Zs 

San Pedro River 

Hereford Rd 

10 Kilometers 

Figure 1.2. Location of Gray Hawk territories within the San Pedro River study area, 
Cochise County, Arizona, 1995 - 1997. 
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2.3096, P = 0.3151) did not differ among years. Number of young per successful site was 

2.0 over the 3 years (range 1.93 - 2.05). The total number of young produced at a given 

site over the 3-year period ranged from 0 to 8, averaging 3.56. 

Gray Hawks used 52 nests during the 3 years of the study, with an average of 1.38 

nests used per territory. Four nests (7.7%) were used during all 3 years. Twelve nests 

(23.1%) were used during 2 years. The remaining 36 nests (69.2%) were used only once. 

The breeding pair at 1 territory failed prior to completing a nest. Of the 21 territories 

occupied during all years, breeding birds at 5 (23.8%) used a different nest each year, 

birds at 12 (57.1%) used the same nest twice, and birds at 4 (19.1%) used the same nest 

every year. Of the 4 territories occupied during 2 years, birds at 1 (25%) used the same 

nest both years and the birds at the remaining 3 (75%) used different nests each year. 

Table 1.1. Number of occupied nest territories, number of territories with birds that 
successfully produced young, and number of young produced at Gray Hawk nests, San 
Pedro National Conservation Area, Arizona, 1995-1997. 

1995 1996 1997 Total 

Occupied 25 23 25 73 

Successful 14 15 19 48 

Young 28 29 39 96 
Produced 

Breeding hawks at territories in which the pair failed during the previous year 

appeared to change to new nest structures the following year more often than hawks at 

sites in which the pair was successful the previous year, although this was not 
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statistically significant at an alpha of 0.05 (Fisher's exact test, P = 0.0644). I excluded 

territories that were unoccupied the following year. I obtained information during 2 

consecutive years on the breeding status of birds at 47 territories. Of the 19 territories at 

which the breeding pair failed, 12 (63.2%) had birds that used a new nest structure, 4 

(21.0%) had birds nesting in the same structure, and 3 (15.8%) were unoccupied by 

breeding birds in the following year. Of 28 territories in which the breeding pair was 

successful, 12 (42.8%) pairs used a new nest structure, 15 (53.6) pairs used the same 

structure, and 1 (3.6%) was unoccupied by breeding birds in the following year. 

Home Ranee Characteristics 

I determined home ranges for 10 breeding males. An average of 52 locations 

(range 36-65) was used to estimate home ranges with the adaptive kernel and minimum 

convex polygon methods. Size of home ranges based on the adaptive kernel method 

averaged 59.2 ha (range 21.4-91.2 ha). Size of home ranges based on the minimum 

convex polygon method averaged 90.3 ha (range 47.6-179.5 ha). 

Foraging Behavior and Diet 

Gray Hawks exhibited a bimodal pattern of foraging activity throughout the day 

(Figure 1.3). Of 536 hourly locations at 11 nest territories, 189 (35.3%) involved 

foraging birds. In general, there was a mid-morning peak of foraging activity from 

around 0600 to 0900, followed by an early evening peak from around 1600 to 1900. The 

highest percentage of locations, by hour, during which the bird was foraging was 54.5% 

from 1600-1700, followed by 52.3% from 0700-0800. The lowest percentage of 
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locations during which the bird ^yas foraging was midday from 1200-1300 (9.1%). 

During 1995,4 Gray Hawk nests were observed during 16 observation periods for 

a total of 147.5 hours (x = 9.2 hours). Sixty-two prey items were delivered to the nest 

during observations. Fifty-one (82.3%) of the prey items were identified at least to class. 

All 4 classes of terrestrial vertebrates were represented by the prey items. No 

invertebrates were observed delivered to nests. 1 could not identify 11 (17.7%) of the 62 

prey items to taxonomic class. Reptiles formed the largest proportion of prey identified 

to class (n = 35, 68.6%)(Figure 1.4). The majority of reptiles identified to genus (n = 14) 

were whiptail lizards (Cnemidophorus spp, n = 8,57.1%). Spiny lizards fSceloporus 

spp), greater earless lizards fCophosaurus spp), and regal homed lizards (Phrvnosoma 

spp) were represented by 2 (14.3%) prey items each. One snake, probably a coachwhip 

(Masticophis spp), was observed delivered to a nest. Of the items identified to class, 10 

(19.6%) were mammals, almost all were rodents (n = 8, 80%). One cottontail rabbit 

(Svlvilaeus spp) was delivered. The remaining mammal was not identified. Five (9.8% 

of items identified to class) birds were observed delivered to nests. The remaining 1 

(2.0%) item was a toad (Bufo spp). 

Nest Site Characteristics 

Fifty of the 52 Gray Hawk nests I located were in Fremont cottonwoods. The 

remaining 2 nests, both located within the same territory, were in Goodding willow trees. 

I obtained measurements on at least some site variables for 33 of the 52 nests (63%) at 

24 Gray Hawk territories (Table 1.2). Gray Hawks tended to locate nests in the 
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Figure 1.3. Percent of hourly locations of male Gray Hawks during which birds were 
foraging, San Pedro River study area, Cochise County, Arizona, 1995 - 1997. 

northwest quadrant, and not in the northeast quadrant, of the nest tree, but this tendency 

is not statistically significant at« = 0.05 (log-likelihood 4.0535, P = 0.2557) 

(Figure 1.5). Vertical cover at nests was significantly higher than vertical cover 

measured from the ground in the vicinity of the nest tree (t-test, t4g = -2.863, P = 0.0062). 

Nest trees were significantly higher than the surrounding trees (t-test, tjo = -3.012, P = 

0.0041), as evidenced by the mean dominance value of 1.23. 
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Figure 1.4. Percent of identifled prey (n = 51) delivered to 4 Gray Hawk nests, San Pedro 
River study area, Cochise County, Arizona, 1995. 
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Table 1.2. Summary statistics for 13 variables measured at Gray Hawk nest sites, 
Cochise County, Arizona, 1995 - 1997. 

Feature X SE n 95% CI Range 

Nest Height (m) 19.2 0.80 26 [17.6,20.9] 14.2-31.5 

Tree Height (m) 30.0 1.31 26 [27.3, 32.7] 23.0-45.0 

Canopy Height (m) 25.0 1.17 26 [22.6,27.4] 13-43.5 

Nest%' 64.9 2.01 26 [60.8,69.1] 50.0-83.3 

Dominance^ 1.23 0.05 26 [1.12, 1.34] 0.90-1.96 

Canopy Cover (%) 86.8 1.92 26 [82.8, 90.7] 55-98 

Dbh (cm) 92.5 7.28 26 [77.5, 107.5] 48.5-181.0 

Tree Count (>10 cm Dbh) 7.9 0.85 26 [6.2,9.7] 2-19 

Nest Width (max cm) 50.7 1.82 26 [47.0, 54.4] 23-66 

Nest Width (min cm) 40.3 1.70 25 [36.8,43.8] 18-53 

Nest Depth (cm) 26.4 1.41 26 [23.5,29.3] 13-40 

Cup Depth (cm) 2.7 0.42 26 [1.8,3.5] 0-7 

Nest Cover (%) 92.8 1.87 24 [88.9,96.6] 63-100 

' Vertical location of nest in tree (height of nest x 100 / height of nest tree). 
^ Measure of nest tree dominance (height of nest tree / canopy height). 
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Figure 1.5. Percent of Gray Hawk nests (n = 26) in each directional quadrant of the nest 
tree, San Pedro River study area, Cochise County, Arizona, 1995 - 1997. 
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DISCUSSION 

The number of breeding Gray Hawks has increased along the upper San Pedro 

River during the last 25 years. Currently, an average of 24 nest territories are occupied 

along this 64 ion of river. Gray Hawks were first recorded nesting on the San Pedro 

River in 1964 (Glinski and Millsap 1987). In 1977,16 sites were known along the entire 

river, 11 within my study area (Glinski and Millsap 1987). In 1985,20 territories were 

known for the entire river, again with 11 nests within my study area (Glinski and Millsap 

1987). The large majority of known Gray Hawk territories are occupied in every year. 

The productivity I recorded (1.32 young/occupied site) is slightly higher than the 1.18 

young/occupied site observed in Arizona from 1973 to 1976 (Glinski 1988). However, 

the range of productivity during my study falls within that observed during the 1970's 

and, therefore, probably does not represent a real increase in productivity of individual 

Gray Hawks. The productivity rate I observed is consistent with observed productivity 

rates of other medium-sized raptors (Newton 1979). 

The increasing number of breeding Gray Hawks along the San Pedro River 

probably is the result of an increase in the amount of habitat for this species. Prior to 

1900 vegetation along the river consisted of extensive areas of cienega, with some areas 

of Cottonwood forest and mesquite. However, these areas of cottonwood and mesquite 

were heavily impacted by woodcutting during the late 1800's (Tellman et al. 1997). Most 

cienegas along the river no longer existed by 1920 and were replaced by mesquite 

(Tellman et al. 1997). Number of Gray Hawks have probably increased as these areas of 
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mesquite along the river have matured into extensive bosques capable of supporting Gray 

Hawks. 

Gray Hawks frequently change nest structures after a breeding failure. This trait 

has been reported in other raptor species (Newton 1979). However, new nest structures 

were used at nearly half of the territories in which the pair was successful the previous 

year. Construction of new nest structures may be due to loss of the old nest structure 

between breeding seasons, or presence of different breeding adults at the nest territory. It 

is unlikely that changing nest structures is a response to ectoparasites inhabiting the 

structure (Newton 1979). I rarely observed ectoparasites in Gray Hawk nests, and never 

on nestlings. 

Gray Hawks have small home ranges and adjacent nests may be in close 

proximity. The average home range (90.3 ha; minimum convex polygon method) is 

about half the 170 ha observed for males of the similar-sized Red-shouldered Hawk 

(Buteo lineatus) in California (Bloom et al. 1993). It is possible that Gray Hawks have 

smaller breeding home ranges than any other North American buteonine raptor. 

The diet of Gray Hawks I observed was very similar to that previously reported 

for the species. Glinski (1988) reported a diet of 79% reptiles, nearly half being whiptail 

lizards, ll%birds,and 10% mammals. Snyderand Wiley (1976) reported a diet of 75% 

lower vertebrates, 20% birds, and 5% mammals. I observed a higher proportion of 

mammals (19.6%), and lower proportion of birds (9.8%) than observed by the previous 

authors. However, my observations are based on prey deliveries at a only 4 nests and 
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may be influenced by differences in foraging preferences among breeding individuals at 

those nests. Incidental observations I made during this study suggest that individual birds 

may specialize on certain prey species. 1 do not icnow if this apparent specialization is a 

result of real preference for those prey species, or the result of the prey species being 

particularly abundant in the vicinity of favored perches. Regardless, the observed pattern 

of foraging is consistent with a diet high in reptiles. Gray Hawks foraged in the first hour 

of light, but the highest rates of foraging were later in the morning and late afternoon, 

probably periods when lizards were most active. 

I found that Gray Hawks used dominant cottonwoods for nesting. However, I 

observed 2 nests outside of the study area that were not located in cottonwood trees, I in 

a willow and 1 in a Arizona walnut (Juelans major), in addition to 2 nests in willows that 

I observed within the study area. Nests were placed in the upper half of cottonwoods, 

usually away from the main stem of the tree. I found higher vertical cover at the nest 

structure than at ground level around the nest, but this is probably not indicative of 

selection of nest sites in dense cover within the tree. Instead, it is probably due to the 

linear arrangement of most cottonwood groves along the river. Due to this arrangement, 

one or more of the ground-based sampling points was usually located in an open area 

(e.g., the riverbed) leading to a lower average ground-based cover. 

Gray Hawks are known to be associated with cottonwood forests and mesquite 

bosques in the northern portion of their range (Glinski 1988). Mesquite bosques have 

been assumed to function as the primary foraging areas with cottonwood forests being 
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used primarily for nesting (Stensrude 1965, Glinski 1988). Historically, Gray Hawks 

were reported to nest 9 to 12 m high in mesquites (Bent 1937). Few, if any, mesquite 

trees of this size remain in Arizona. Furthermore, few trees other than cottonwoods 

remaining along riparian areas in southern Arizona are this tall. Gray Hawks probably 

select the most dominant trees in an area for nesting, regardless of species, and these are 

usually cottonwoods in southern Arizona. Eventually Gray Hawks may begin nesting in 

mesquite trees as these grow to heights that are suitable for nesting. However, continued 

growth of trees within mesquite bosques, as well as presence of cottonwood forests, 

along the San Pedro River is dependent on maintenance of the existing water table along 

the river (Tellman et al. 1997). Depletion of groundwater already has resulted in the loss 

of mesquite bosques and cottonwood forests along the nearby Santa Cruz River (Tellman 

et al. 1997). These bosques historically were the center of the Gray Hawk population in 

Arizona (Glinski 1988). Therefore, maintenance of adequate levels of groundwater may 

be the most important requirement for ensuring long-term presence of breeding Gray 

Hawks along the San Pedro River, and in Arizona. 
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CHAPTERn 

HABITAT SELECTION OF NESTING MALE GRAY HAWKS 

INTRODUCTION 

Productivity in raptors frequently is related to variations in food supply (Newton 

1979). However, food supply can be measured based on absolute prey abundance or prey 

availability. Prey availability is a function of the abundance and vulnerability of prey. 

Consequently, determining prey availability requires intimate knowledge of the 

perceptual capabilities and the search and capture behaviors of the predator, in addition 

to the abundance and anti-predator adaptations of the prey. As such, directly assessing 

prey availability is practically impossible. However, structural elements within the 

habitat of the predator may be used as a surrogate measure for prey availability, if 

differences in these elements can be found between non-foraging and foraging areas. 

Presumably the observed difference in the structural elements at foraging sites conveys 

some benefit to the predator in either observing or capturing its prey. 

I examined whether Gray Hawks selected for mesquite and cottonwood 

vegetation when foraging. In addition, I identified features that separated foraging sites 

from other sites within Gray Hawk home ranges, and I examined the importance of prey 

abundance in determining foraging site selection. 
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STUDY AREA AND METHODS 

I studied Gray Hawks breeding along the San Pedro River in southeastern Arizona 

from 1995-1997. The study area was defined as the length of river between the northern 

and southern boundaries of the San Pedro Riparian National Conservation Area, 

administered by the Bureau of Land Management, in Cochise County (See Chapter 1, 

Figure 1.1). This area encompasses about 23,500 ha along 64 km of perermial and 

intermittent river at an elevation of 1,125 to 1,280 m. 

Home Ranee 

1 radiotagged breeding male Gray Hawks in order to determine vegetative 

composition of home ranges to be used for analyzing resource selection, and to identify 

specific areas used by foraging birds. Male Gray Hawks were trapped using a dho-gaza 

set with a live Great-homed Owl as a lure (Bloom 1987). I tail-mounted 

radiotransmitters (Holohil Systems PD-2 transmitters. Carp, Ontario, Canada) to the least 

worn central rectrix with dental floss and epoxy (Dunstan 1973). Transmitter weight (3.8 

g) was less than 1 percent of the adult male body weight. 

I used Telonics TR-4 receivers (Telonics, Mesa, Arizona) to follow radiotagged 

males approximately weekly during sessions usually lasting 4 to 8 hours. Observation 

periods were terminated if it appeared that the bird was changing its behavior as a result 

of my activities. 1 used homing (Mech 1983) to relocate birds at hourly intervals in order 

to achieve independence of locations. Two successive locations may be considered 

independent if the animal is capable of moving to any other point within its home range 
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within the given time interval (White and Garrott 1990). I mapped locations of perched 

birds on transparent overlays of aerial photos that allowed identification of individual 

trees. For each location, I noted time and behavior. Behavior of the bird was recorded as 

hunting, loafing, or other/imknown activity. If a bird was hunting, I made an effort to 

mark the location with surveyor's flagging after the bird had left the area to facilitate 

relocation for measurement of vegetation and prey. After each session, I determined 

home range boundaries using the minimum convex polygon method. 

I used a geographic information system (Arc/Info and Arcview 3.1, 

Environmental Systems Research Institute, Inc., Redlands, California) to obtain universal 

transverse mercator coordinates of bird locations. I digitally scanned the aerial photos 

used for field mapping and registered the scanned images to existing thematic coverages 

for the study area. Locations were then digitized using the digital photos as reference. I 

used RANGES V (Institute for Terrestrial Ecology, UK) to calculate boundaries of the 

home ranges based on the 90 percent adaptive kernel method. Adaptive kernel ranges 

were calculated using a 40-m by 40-m grid. Least squares cross validation was used to 

determine the smoothing factor, and home ranges were only calculated when at least 30 

observations were obtained for a bird as reconmiended by Seaman et al. (1999). 

Resource Selection 

I used a geographic information system to determine the amounts of 3 vegetation 

categories within each home range. Boundaries of the home ranges were converted to 

polygon coverages. These polygons were then overlayed on an existing vegetation 
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coverage of the study area. I then calculated the area of each vegetation category within 

each home range. The 3 vegetation categories were mesquite, cottonwood-willow, and 

other. The latter category included bare ground, and all vegetation except mesquite and 

cottonwood-willow. Grassland, desert upland, and some riparian shrubs were the main 

components of the "other" category. 

I used compositional analysis (Aebischer et al. 1993) to examine selection of 

foraging areas within the home range. This technique determines if resource use is 

different from random use, and, if so, ranks vegetation categories relative to each other. 

Only data from home ranges with ^30 locations were used. Foraging use was 

determined by the proportion of foraging locations within each of the 3 vegetation 

categories. Availability was determined by the proportion of the 3 vegetation categories 

within the adaptive kernel home ranges. 

Foraging Site Selection 

I examined selection of foraging sites within mesquite-dominated vegetation by 

comparing 8 vegetation variables measured at all foraging sites and 8 randomly located 

sites within each minimum convex polygon home range (Table 2.1). The minimum 

convex polygon boundary was used to establish random points because this home range 

estimator was easily calculated in the field. Vegetative variables were measured on 

square 0.02-ha plots centered on the foraging perch or the randomly located point. Plot 

comers were located 10 m in each cardinal direction from the plot center. Canopy height 

was the average of the heights of the 4 closest dominant trees on or near the plot but not 
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including the perch tree at foraging points. Canopy height was measured using a 

clinometer or visually estimated using a 3-m pole as a reference. Vertical cover was 

measured using a convex spherical densiometer (Lemmon 19S7) with measurements 

taken at the center of the plot and at each comer. The average of these S values was used 

as the vertical cover value. Horizontal cover was measured at the plot center using a 1 x 

3-m cover board containing a grid of 10 x 10-cm squares. From each plot comer an 

observer counted the number of grid intersections visible at each of 3 heights: 0-1 m, 1-2 

m, and 2-3 m. Grid edges and intersections at the 1,2, and 3-m marks were not counted. 

Therefore, a maximum of 81 grid intersections could be counted at each of the 3 levels. 

The number of visible intersections was averaged for each of the 4 measurements at each 

level. The cover percent for each level was given by subtracting the average number of 

visible intersections multiplied by 1.235 from 100. Overall horizontal cover was 

calculated in the same manner using the average of all 12 measurements. 

Logistic regression was used to identify which vegetative variables separated 

foraging points from random points (Menard 1995). Variables were tested for normality 

using the Shapiro-Wilk test (Sail and Lehman 1996). Variables that were not normally 

distributed were transformed using the arcsin or square root transformations (Sokal and 

Rohlf 1981). 1 then examined whether variables were strongly correlated with each 

other. When pairs of variables were strongly correlated (r > 0.60), I only entered into the 

initial model the variable that I considered to be more biologically meaningful. 1 used 

both a forward stepwise and backward stepwise procedure to develop 2 separate logistic 
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models. A P-value of 0.25 was required to enter, and a P-value of 0.10 was used to 

exclude variables in both regressions. I then used a drop-in deviance test to select the 

final logistic model (Ramsey and Schafer 1997). 

Table 2.1. Habitat variables measured at foraging and random sites within Gray Hawk 
home ranges, San Pedro River study area, Cochise County, Arizona, 1995 - 1997. 

Variable Description 

Canopy Height Average height (m) of 4 representative trees in plot" 

Tree # Number trees in plot with > 10 cm Dbh 

Horizontal Cover (Total) Percent determined by 3-m horizontal cover board" 

Horizontal Cover (0-1 m) Percent, 0-1 m, determined by horizontal cover board" 

Horizontal Cover (1-2 m) Percent, 1-2 m, determined by horizontal cover board" 

Horizontal Cover (2-3 m) Percent, 2-3 m, determined by horizontal cover board' 

Vertical Cover Percent, determined by convex spherical densiometer* 

Dominant Species Visually assigned, dominant category on 0.02 ha plot 

Lizard Presence Presence/absence of lizards along 50 m transect 

# Lizard Species # species detected along 50 m transect 

# Lizards # individuals detected along 50 m transect 

* See text for description of measurement techniques 

1 measured 3 additional vegetation variables at foraging points in order to 

characterize perch sites. Perch tree height (in m) was measured using a clinometer. 

Diameter of the perch tree (in cm), at ground level, was measured using a diameter tape. 

Also, species of the perch tree was recorded. Mann-Whitney U-tests were used to 

compare perch tree height with surrounding canopy height, and perch tree height with 
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canopy height at random points (Gibbons 1985). 

Lizards were counted along SO-m line transects aligned in a random direction 

with the halfway point located at the foraging point or the randomly located point. 1 

slowly walked the transect stopping for about 1 min every S m to intensively search the 

ground and all nearby tree stems for lizards. Number and species of all lizards seen was 

recorded. I examined differences in 3 lizard variables between foraging and random 

points for all points combined, and for each vegetation category (Table 2.1). I used 

Fisher's exact test to compare presence of lizards between foraging and random points 

(Ramsey and Schafer 1997). I used the log-likelihood chi-square test to compare number 

of lizards and number of lizard species between foraging and random points (Manly et al. 

1993). 
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RESULTS 

Resource Selection 

Home ranges were calculated for 10 male gray hawks from 1995 to 1997. 

Adaptive kernel home ranges were, on average, 53.8% mesquite, 9.9% cottonwood-

willow, and 36.3% other vegetation. Minimum convex polygon home ranges were 

47.2% mesquite, 6.6% cottonwood-willow, and 46.2% other vegetation. 

By far the majority of Gray Hawk foraging locations occurred within mesquite 

bosques (152 of 191,79.6%). Only 6 of 191 (3.1%) foraging locations were within 

"other" vegetation, and 33 of 191 (17.3%) foraging locations were within cottonwood-

willow vegetation. 

When foraging. Gray Hawks used vegetation within the adaptive kernel home 

range significantly different from random (x^ = 14.4902, jP = 0.0007). Mesquite bosque 

received the highest ranking for foraging vegetation, and was significantly preferred over 

the "other" vegetation category (t-test, t, = -5.0711, P = 0.0007). However, mesquite 

bosque was not significantly preferred over cottonwood-willow forest (t-test, t, = -

0.0217, P = 0.9832). Cottonwood-willow forest was ranked second and was significantly 

preferred over "other" vegetation (t-test, t, = -5.3439, P = 0.0005). 

Foraging Site Selection 

Within mesquite bosque, canopy height and horizontal cover best separated 

foraging from random points (Whole-model test 7.555128, P = 0.0229). Mesquite 

canopy tended to be higher at foraging sites than at random points (Table 2.2). 
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Horizontal cover tended to be lower at foraging sites than at random points. Horizontal 

cover at the 1 to 2-m level was not included in the logistic model due to its high 

correlation with total horizontal cover (r = 0.9565). However, foraging and random sites 

within mesquite bosques significantly differed in this variable (Mann-Whitney U x^i = 

4.8268, P = 0.0280) with foraging sites having less cover at this level. 

Table 2.2. Means and standard errors for vegetation variables at Gray Hawk foraging 
points and random points that occurred within mesquite vegetation, San Pedro River 
study area, Cochise County, Arizona, 1995 - 1997. 

Foraging Random 

Variable X SE n X SE n 

Canopy Height" 7.0 m 0.15 151 6.3 m 0.24 42 

Horizontal Cover' 64.4% 1.54 152 68.8% 3.32 42 

Horizontal Cover (0-1 m)*" 70.3% 1.81 152 75.1% 3.35 42 

Horizontal Cover (1-2 m)*" 59.9% 1.77 152 67.0% 3.70 42 

Horizontal Cover (2-3 m)** 62.9% 1.68 152 64.1% 3.81 42 

Vertical Cover 63.6% 1.99 152 58.0% 4.61 42 

Tree # (> 10 cm dia.) 8.6 0.41 152 7.4 0.71 41 

" Variable identified by logistic regression as important for separating foraging from 
random points. 

Variable not used in the logistic regression analysis. 

Within mesquite bosques. Gray Hawks used, as perches, trees that were 

significantly higher than the surrounding canopy (Maim-Whitney U x^i = 6.6305, P = 

0.0100) and the canopy at random points (Mann-Whitaey U x^i = 11.8602, P = 0.0006). 

Perch tree height averaged 7.9 m (n = 151, SE = 0.25,95% CI = [7.4, 8.4]). Diameter at 



45 

ground level of perch trees averaged 33.2 cm (n = 147, SE = 1.17, 95% CI = [30.9, 

35.5]). Mesquite or mesquite snags were used as foraging perch trees 95.0 % (144 of 

152) of the time. The remaining 5 % of perches consisted of 3 willow trees or snags, a 

telephone pole, an isolated cottonwood, an Arizona walnut fJuelans major), and a netleaf 

hackberry (Celtis reticulata). 

I found no difference in presence, abundance, or number of species of lizards 

between foraging and random points for all vegetation combined (Table 2.3). In 

addition, foraging and random points in mesquite bosques did not differ in presence, 

abundance, or number of species of lizards. 

Table 2.3. Means and standard errors for lizard variables at Gray Hawk foraging points 
and random points for points in all vegetation, and only (Mints within mesquite, San 
Pedro River study area, Cochise County, Arizona, 1995 - 1997. 

Foragine Random 

Variable X SE n X SE n P-value 

Presence" (all) 0.33 — 190 0.30 — 64 0.7570" 

Number (all) 0.47 0.061 190 0.41 0.091 64 0.7942"= 

Species (all) 0.38 0.044 190 0.31 0.062 64 0.6320' 

Presence* (mesquite) 0.34 — 152 0.33 — 42 1.0000" 

Number (mesquite) 0.46 0.064 152 0.45 0.114 42 0.9620' 

Species (mesquite) 0.37 0.044 152 0.36 0.082 42 0.9518' 

' Mean represents proportion of n transects at which lizards were observed. 
'' Fisher's exact test. 
^ Likelihood ratio test. 
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DISCUSSION 

Areas with mesquite and cottonwood were preferred over "other" vegetation by 

Gray Hawks when foraging. However, because the majority of Gray Hawk home ranges 

consisted of mesquite bosque, the relative importance of cottonwood-willow for foraging 

is much less than that of mesquite. Lizards appeared to be uniformly abundant among 

vegetation types within home ranges, and I speculate that at the landscape scale Gray 

Hawks may select as habitat those areas with the highest numbers of lizards. In southern 

Arizona these areas are mesquite bosques and other riparian vegetation (Corman 1988, 

Rosen and Lowe 1996). 

Within home ranges. Gray Hawks are probably selecting foraging sites based on 

vegetative characteristics that increase vulnerability of prey and not on abundance of 

prey at those sites. Selection of foraging sites with taller trees and more open understory 

may influence prey availability in 2 ways. First, a negative relationship may exist 

between the amount of vegetative cover and use of the area by raptors (Southern and 

Lowe 1968, Wakely 1978, Bechard 1982). Lack of horizontal cover probably increases 

the probability of observing prey. This may be especially important to Gray Hawks 

because their primary prey, lizards, tend to be cryptically-colored and difficult to detect. 

Second, an open understory may create increased flight space below the canopy thereby 

enabling higher probability of success during prey capture attempts (Janes 1985). Gray 

Hawks use a style of hunting similar to the style used by accipiters. They make short 

capture attempts from an understory perch (Stensrude 1965). 
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Gray Hawks occupy a variety of vegetative communities throughout the range of 

the species including arid wooded lowlands, dry savannas, and areas of second-growth 

within tropical forests (Glinski and Millsap 1987). Mesquite is not an important 

component of many of these areas. In Arizona, the combination of tall mesquite trees 

with open understory is found in mature mesquite bosques along riparian zones and not 

in the small mesquite trees found in upland areas. Use of mesquite bosques by foraging 

Gray Hawks probably is the result of the structural characteristics of the vegetation 

within these bosques and not a true preference for mesquite. Therefore, the apparent 

association of the Gray Hawk with riparian areas in Arizona likely is the result of the 

riparian areas providing the only vegetation that both supports adequate prey populations 

and has the structural characteristics necessary for successful foraging and nesting by 

Gray Hawks. 
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CHAPTER m 

PREDICTIVE MODELING OF HOME RANGES OF GRAY HAWKS 

INTRODUCTION 

Geographic information systems (GIS) are increasingly being used in the study of 

wildlife-habitat relationships at many spatial scales. At the landscape level, GIS has 

been used to predict species' distributions (Pereira and Itami 1991, Coker and Capen 

1995, Morrison et al. 1998). Gap analysis uses GIS to identify areas containing high 

species diversity (Scott et al. 1993). In addition, several GIS models have been 

developed to evaluate population viability (Morrison et al. 1998), and the relationship 

between habitat characteristics and productivity (Ripple et al. 1997, Thome et al. 1999). 

Also, GIS frequently is employed to examine habitat selection v^thin a species at 

multiple scales, from landscape to micro-habitat levels (Penteriani and Faiver 1997, 

Ripple etal. 1997, Morrison etal. 1998). 

The use of GIS in wildlife studies will increase as computerized environmental 

data become increasingly available. However, researchers must be aware of assumptions 

that are made in the application of GIS models, particularly in regards to evaluation of 

habitat selection. Although GIS models have been used to identify habitat availability 

(Beyer et al. 1996), such use is still subject to problems inherent in the somewhat 

arbitrary identification of resource availability (Aebischer et al. 1993). Frequently, GIS 

models are used to examine habitat selection by applying a circle of some specified 

radius to a specified px)int of interest (e.g., a nest or den location) and assuming that 
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animals use the resources within the area deflned by this circle. This assumption of use 

of the circular area by the animal is especially true when habitat features are related to 

population parameters such as reproductive success. Because reproductive success is 

necessarily based on the breeding individuals, analyses of habitat use are most 

appropriately evaluated at the home range or smaller scales. At the home range scale, 

the use of circular areas around points of interest to identify resource use assimies that 

home ranges of animals are circular, and that all areas inside the circle are used. These 

assumptions may not be valid (Jeimrich and Turner 1969, White and Garrott 1990). 

I explored the use of CIS to predict the home range boundaries of individuals 

based on knowledge of resource use gathered from a sample of radio-tagged birds. The 

intent of this analysis was to determine if it is feasible to use a CIS to predict non-

circular home ranges as an alternative to the current practice of applying circular buffers 

to nest sites. 
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STUDY AREA AND METHODS 

I studied Gray Hawks breeding along the San Pedro River in southeastern Arizona 

from 1995-1997. The study area was defined as the length of river between the northern 

and southern boundaries of the San Pedro Riparian National Conservation Area, 

administered by the Bureau of Land Management, in Cochise County (See Chapter 1, 

Figure 1.1). This area encompasses about 23,500 ha along 64 km of perennial and 

intermittent river at an elevation of 1,125 to 1,280 m. 

Home Range Coverage Creation 

I radiotagged breeding male Gray Hawks in order to determine home range 

boundaries and vegetative composition of home ranges. Male Gray Hawks were trapped 

using a dho-gaza set with a live Great-homed Owl as a lure (Bloom 1987). I tail-

mounted radiotransmitters (Holohil Systems PD-2 transmitters. Carp, Ontario, Canada) 

to the least worn central rectrix with dental floss and epoxy (Dunstan 1973). Transmitter 

weight (3.8 g) was less than 1 percent of the adult male body weight. 

I used Telonics TR-4 receivers (Telonics, Mesa, Arizona) to follow radiotagged 

males approximately weekly during sessions usually lasting 4 to 8 hours. Observation 

periods were terminated if it appeared that the bird was changing its behavior as a result 

of my activities. 1 used homing (Mech 1983) to relocate birds at hourly intervals in order 

to achieve independence of locations. Two successive locations may be considered 

independent if the animal is capable of moving to any other point within its home range 

within the given time interval (White and Garrott 1990). I mapped locations of perched 
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birds on transparent overlays of aerial photos that allowed identification of individual 

trees. 

I used a geographic information system (Arc/Info and Arcview 3.1, 

Envirorunental Systems Research Institute, Inc., Redlands, California) to obtain universal 

transverse mercator coordinates of bird locations. I digitally scanned the aerial photos 

used for field mapping and registered the scanned images to existing thematic coverages 

for the study area. Locations were then digitized using the digital photos as reference. I 

used RANGES V (Institute for Terrestrial Ecology, UK) to calculate boundaries of the 

home ranges based on the 90 percent adaptive kernel and minimum convex polygon 

methods. Adaptive kernel ranges were calculated using a 40-m by 40-m grid. Least 

squares cross validation was used to determine the smoothing factor, and home ranges 

were only calculated when at least 50 observations were obtained for a bird as 

recommended by Seaman et al. (1999). 

In addition, I located nest sites by intensively searching cottonwood forests along 

the river early in the breeding season. Gray Hawks territories are fairly easy to locate 

because the hawks are very vocal prior to incubation. After a territorial pair was located, 

I searched all suitable trees for nest structures. Location of all nest sites were mapped on 

aerial photos and converted into an Arc/Info point coverage in a manner similar to that 

used for locations of individual birds. 

Vegetation Coverage 

I used 2 data sources to develop the vegetation database from which I created 
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model home ranges. Vegetation maps for the entire study area, on paper U.S. Geological 

Survey 7.5-minute maps, were obtained from the Tucson Field Office, U.S. Bureau of 

Land Management (BLM). These maps were created by BLM persoimel and categorized 

vegetation according to Brown, Lowe, and Pase (BLP) (Brown et al. 1979). The maps 

were digitized using a GIS (Arc/Info, Environmental Systems Research Institute, Inc., 

Redlands, California). BLP vegetation categories were then combined into 3 categories: 

mesquite, cottonwood-willow, and "other". Mesquite categories included all BLP 

vegetation in which mesquite is the most conspicuous species. The cottonwood-willow 

category was defined by all BLP vegetation in which cottonwood or willow where the 

most conspicuous species. All remaining BLP vegetation was classified into the "other" 

category. 

A second vegetation map was obtained from Dr. Jiaguao Qi (Michigan State 

University, Lansing), a collaborator of the Semi-Arid Land-Surface-Atmosphere 

(SALSA) program. The SALSA coverage is a digital raster map in IMAGINE format 

(ERDAS, Atlanta, Georgia) of very high resolution (3 x 3-m cells) that categorizes 

vegetation into 8 categories, including mesquite and riparian woodland. I converted this 

map into Arc/Info format and then combined the vegetation into 3 categories. Mesquite 

was classified as mesquite, and riparian woodland was classified as cottonwood-willow. 

All other categories were classified as "other". 

I reclassified the SALSA coverage to create 2 separate grids, 1 for mesquite and 1 

for cottonwood-willow, using a smoothing process. During the smoothing process I 
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moved a "window" in 1 grid cell increments until every grid cell in the grid had been 

evaluated. I used a 7 row x 7 column "window" during this smoothing process. 

Therefore, the "window" consisted of a square composed of 49 grid cells with the central 

grid cell being the cell of interest. This square of 49 grid cells is referred to as a 

neighborhood. During reclassification of the mesquite grid, the central grid cell was 

reclassified to indicate an area of mesquite vegetation when more than 34 grid cells in 

the neighborhood were classiHed as containing mesquite vegetation. This smoothing 

process was designed to identify areas of mesquite bosque, as opposed to individual 

mesquite trees or small clumps of mesquite trees, and approximates an area of k70% 

coverage of mesquite, which was slightly above the mean vertical cover identified at 

Gray Hawk foraging locations (see Chapter 2). The cottonwood-willow grid was 

reclassified in a manner similar to that used for the mesquite grid. If the majority of grid 

cells in the neighborhood (e.g., ^25) were classified as containing riparian woodland, the 

central grid cell was reclassified to indicate an area of cottonwood-willow vegetation. 

This approximates an area with ^50% cottonwood-willow coverage. The mesquite and 

cottonwood-willow grids were then added together. I reduced the resolution of the 

combined grid to a cell size of 21 x 21 m to reduce file size of the vegetation map. 

The SALSA map focused on the riparian area along the river and covered most of 

the area used by Gray Hawks, but it did not cover the entire study area. To ensure 

vegetation data were available for the entire study area, I combined the SALSA and 

BLM-based coverages into a final vegetation map. This was done by converting the 
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BLM map to the same resolution (21 x 21 m) as the SALSA-based map and combining 

them using Arc/Info's GRID module. Vegetation data from the BLM map were used in 

the final map only where SALSA map information was not present. 

Model Development 

I used logistic regression (Menard 1995) to develop predicted home ranges for the 

breeding males at all nest territories within the study area. Five Arc/Info grids were 

calculated to use as independent variables in the regression. These grids contained 

distances from a given grid cell to the nearest nest, to the nearest grid cell containing 

mesquite, and to the nearest grid cell containing cottonwood-willow. I chose distance 

from a grid cell to the nearest nest as a variable because I assumed that the further an 

area was from the nest, the less probable that the area would be used by a Gray Hawk. 

This assumption is reasonable for species, such as the Gray Hawk, that exhibit a central-

place behavior such as regularly returning to the nest af^er foraging (Rosenberg and 

McKelvey 1999). Grids based on distance of grid cells to the nearest nest were 

developed for each year (n = 3). I chose the remaining 2 variables (i.e., distance to 

nearest mesquite and distance to the nearest cottonwood-willow) because mesquite and 

cottonwood-willow were used by Gray Hawks when foraging (Chapter 2). 

I developed binary Arc/Info grids to act as the response variable for the logistic 

regression. These grids indicated use or non-use of areas by male Gray Hawks at nests 

for which I calculated home ranges. Only home ranges based on kSO locations (n = 6) 

were used in the regression model (Seaman et al. 1999). I classified all grid cells 



55 

occurring within the boundaries of the home range of the bird as determined by the 90% 

adaptive kernel method as "used". I could not identify all areas outside of the home 

ranges as areas that were not used by Gray Hawks because many of these areas were 

being used by Gray Hawks for which I did not determine a home range. To reduce the 

likelihood that an area outside a home range was being used by another Gray Hawk, I 

developed a buffer around each nest for which I had determined boundaries of the home 

range. I based this buffer on the maximum distance the home range boundary was from 

the nest I then rounded this maximum distance up to the next SO-m increment (Figure 

3.1). For example, if the maximum distance between the home range boundary and a 

nest was 770 m, I used 800 m as the radius of the buffer at that nest. The circular buffer 

created for each nest was then modified by excluding areas within the buffer that were 

closer to adjacent nests than they were to the nest of interest. I then classified areas that 

were within this buffer, but not within the home range of the male Gray Hawk at that 

nest, as "not used" (Figure 3.1). 

I used the Arc/Info GRID SAMPLE fimction to obtain response and independent 

variable values for each grid cell identified as either "used" or "not used". I combined 

the data for all nests at which home ranges were calculated in order to run the logistic 

regression. 

The logistic model was applied using the independent variable grids. A 

prediction grid was produced for each year. Cell values in prediction grids contained the 

predicted probability that a given cell was "used" by a Gray Hawk. Prediction grids were 
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Figure 3.1. An example of the classification of areas as "used" or "not used" by Gray 
Hawks for a single nest site. These areas were used as the response variable in logistic 
regression. The shaded area, which was the home range of the Gray Hawk, was 
classified as "used." The area within the dashed outline, but outside of the shaded area, 
was classified as "not used." The point in the center represents the nest site. The line 
indicates the maximum distance from the nest to the home range boundary rounded up to 
the next 50-m increment. 

converted to polygons indicating areas of 0.4,0.5,0.6, and 0.7 probability of use (Figure 

3.2). 

For each telemetry-based home range, I calculated 3 distances, the mean. 
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maximum, and minimum distance of the home range boundary from the nest. These 

distances were calculated by converting the home range boundary to a grid and 

calculating the distance to the nest for each grid cell on the boundary. Using these grids, 

I then calculated the mean of each of the above values across all nests. The 3 distances 

were used to put bounds on the areas predicted to be used by the logistic model, as 

described below. 

Often nests are not centered within the home range of a bird. Therefore, I 

developed alternate model home ranges for each nest that allowed nests to be located 

away from the center of the home range. Three home range models were delineated per 

year per nest: 1 model with the nest centrally located and 2 models with the nest not 

centrally located. The first model was based on location of the nest. The remaining 2 

models were based on points a given distance upstream and downstream from the nest. I 

buffered all 3 points (e.g., the nest and 2 alternate points) at each nest site by the mean 

maximum distance from the nest to the boundary of home ranges as determined by the 

adaptive kernel method. I then identified the predicted home range by removing from 

this buffer, areas of predicted use that were closer to adjacent nests than to the nest for 

which the predicted home range was being determined (Figure 3.2). The distance 

upstream or downstream from the nest to the alternate points was the difference between 

the average mean distance and the average minimum distance of a home range boundary 

from a nest. I chose this distance to ensure that no point in the predicted home range 

would be further than the maximum distance of a boundary from the nest, and that the 
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Figure 3.2. An example of predicted use areas of Gray Hawks as determined by logistic 
regression. The outer area (right hatching) represents areas with ^40% probability of use 
by Gray Hawks. The inner area (stippling) represents areas with ^70% probability of use 
by Gray Hawks. The solid point represents the nest site. The dashed line represents 
boundaries of the buffer used to associate areas of predicted use to a particular nest to 
create predicted home ranges. 
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nest could not be closer than the average minimum distance to a home range boundary. 

Each of the predicted home ranges was intersected with the vegetation coverage 

to determine areas of each vegetation category within the home range. For each year the 

model of the 3 predicted home ranges that maximized area of mesquite was chosen as the 

final predicted home range for that nest. I chose this model because I assumed that Gray 

Hawks would have home ranges which maximized the amount of their primary foraging 

vegetation, mesquite bosques (see Chapter 2). 

Comparative Model Development 

For comparative purposes, in addition to the logistic model, I developed 2 circular 

home range models and calculated the minimum convex polygon home range at each 

nest at which I calculated home ranges using the adaptive kernel method. Both circular 

models were created by buffering each nest by a set distance. I then determined the area 

of each vegetation category within the buffer for each nest. The first circular model used 

the mean maximum distance of nests to their adaptive kernel home range boundaries. 

The second model used half of mean median distance between neighboring nests as its 

buffer distance. To obtain the mean median distance between neighboring nests, I 

calculated the median distance between nests for each of the 3 years. I then averaged the 

3 median distances to obtain the buffering distance. The area of each vegetation 

category was also calculated for the each of the minimum convex polygon home ranges. 

Model Validation 

To validate the predicted home range models, I calculated the area of each 
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vegetation category within the 90% adaptive kernel home range. I then correlated the 

area of each vegetation category in the adaptive kernel home range with the area of the 

same category in the predicted home range. 
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RESULTS 

The maximum likelihood estimate of the probability that a cell was used by a 

Gray Hawk was given by U in the equation 

logit(U) = -2.7676825+ 0.0017S336CWD + 0.01551441MESQD + 0.0043326NSTD 

where; CWD is distance to the nearest cell containing cottonwood-willow from the grid 

cell of interest, MESQD is distance to the nearest cell containing mesquite from the grid 

cell of interest, and NSTD is distance to the nearest nest from the grid cell of interest. 

Nest locations and the 2 alternate locations within each nest territory were buffered by 

788 m. Alternate locations were placed 278 m upstream and downstream of the actual 

nest location. 

Correlations were used to choose and validate the final predicted home range 

model. The final model chosen was based on a predicted probability of use equal to 

0.40. The model (Model 40) based on this probability level was the only model that had 

correlations of r > 0.70 for all area estimates (Table 3.1). The 50% probability model 

(Model 50) was the only other model to have correlation coefficients ^ 0.60 for all area 

estimates. Model home ranges, based on Model 40, roughly resembled the home ranges 

based on the adaptive kernel method (Figures 3.3,3.4). 

Model 40 had higher correlation with adaptive kernel area estimates than either 

of the circular comparative models (Table 3.1). Neither circular model had strong 

correlations (r > 0.6) for total area, area of mesquite, or area of "other" vegetation. 

However, all models had very high correlation coefficients for area of cottonwood. The 
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minimum convex polygon home range had better correlation than Model 40 for area of 

mesquite and area of cottonwood-willow, but did not perform as well for total area or 

area of "other" vegetation. 

Table 3.1. Pearson correlation coefficients (r) for correlation of total area, area of 
mesquite, area of cottonwood-willow, and area of "other" vegetation, as determined by 
90% adaptive kernel home ranges (n = 6) with various models. Model 40,50,60, and 70 
indicate the logistic predictive model with probabilities of use of 0.4,0.5, 0.6, and 0.7, 
respectively. MMD model is a circular model based on mean maximum distance of nest 
to home range boundary. HAND is a circular model based on half the average distance 
to the neighboring nest. MCP is based on the minimum convex polygon home range. 
Only adaptive kernel home ranges with ^50 locations were used to calculate 
correlations. 

Model Total area Mesquite Cottonwood "Other" 

Model 40 0.7268 0.7133 0.9222 0.7178 

Model 50 0.6618 0.6760 0.9773 0.6902 

Model 60 0.4452 0.6176 0.9544 0.6848 

Model 70 0.2448 0.5602 0.9348 0.6550 

MMD -0.7576 0.4238 0.9210 0.4713 

HAND -0.4984 0.3668 0.9207 0.5602 

MCP 0.5680 0.8782 0.9880 0.5737 
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Figure 3.3. Predicted home range as compared to 90% adaptive kernel home range for 
breeding male Gray Hawks in 1996, San Pedro River study area, Cochise County, 
Arizona. 
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Figure 3.4. Predicted home range as compared to 90% adaptive kernel home range for 
breeding male Gray Hawks in 1997, San Pedro River study area, Cochise County, 
Arizona. 
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DISCUSSION 

I developed a model, with multiple logistic regression, which yielded maps of 

predicted home ranges for Gray Hawks. Multiple logistic regression has been used 

previously to predict habitat use of individual animals based on telemetry data (North 

and Reynolds 1996), to incorporate spatial information into habitat selection analyses 

(Rosenberg and McKelvey 1999), and to predict species occurrence (Pereira and Itami 

1991). My model was developed from telemetry data and from information which 

suggested that mesquite and cottonwood were important vegetative components of Gray 

Hawk home ranges (Chapter 2). In addition, I assumed that areas close to nests were 

more likely to be used than similar areas further from the nest, regardless of vegetation 

present. Therefore, the logistic model predicted which areas had high probability of use 

by individual Gray Hawks. There was relatively strong correlation of areas of vegetation 

within predicted home ranges with areas of vegetation within home ranges based on 

telemetry data. 

I also developed 2 circular models of home ranges of Gray Hawks based on 

biological data, and neither model predicted vegetative composition around the nest site 

strongly consistent with the vegetative composition of home ranges based on telemetry 

data. For both models the lowest correlations between predicted area and telemetry-

based home range data were obtained for mesquite, the most important foraging 

vegetation for Gray Hawks (Chapter 2). 

Circular models are commonly applied to vegetation coverages to examine 



resource selection. Some studies have compared vegetative composition within circular 

buffers around nest sites with vegetative composition within circular buffers around 

randomly located points (Beyer et al. 1996, Ripple et al. 1997, Thome et al. 1999). Often 

these studies examined habitat selection at multiple scales by using multiple circular 

buffers of varying radii. Any observed differences have been used as evidence that 

animals are selecting for or against the differing habitat characteristics. However, such 

an analysis implicitly assumes that animals are using the entire area within the circular 

buffer, and that areas outside the buffer are not used. Inclusion of unused areas and 

exclusion of potentially used areas can influence the likelihood of fmding real 

differences in environmental features between areas identified as used by an individual 

and random areas. In essence, the use of circular buffers in studies of resource selection 

by an animal assumes circular use areas for that animal. This assumption is probably 

adequate when buffer areas are small relative to home range size. In this case, use of the 

area is essentially known for a small area around a point (e.g., a nest site or a foraging 

point). However, as the area of the buffer approaches that of the home range, the 

assumption that the animal is using the entire area within the buffer is less likely to be 

correct. In addition, this assumption may be more likely to be valid in areas of 

homogenous vegetation, but it is unlikely to be valid in heterogeneous environments. 

Lehmkuhl and Raphael (1993) examined the correlation between measures of 

several landscape attributes within circles of varying radii and the same landscape 

measures within the home ranges of Spotted Owls (Strix occidentalism as determined by 
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the minimum convex polygon method. They observed relatively strong correlations for 

some landscape variables (e.g., mean patch area) but lower correlations for other 

landscape variables. Their results indicate that circular models may be useful for 

examining habitat use of animals. However, they found that the correlation for single 

landscape measures changed as area of the circle was changed. This result indicates that 

choice of radius of the circular model can strongly influence the results of the analysis. 

In fact, Lehmkuhl and Raphael (1992) recognize that the inclusion, within the circular 

models, of significant areas of landscape that were not used by owls may have lessened 

their ability to detect differences in landscape patterns among single and paired Spotted 

Owls. 

I do not present my technique of predicting home ranges as perfect. Instead, I 

encourage the development of spatial modeling techniques that attempt to accurately 

predict areas used by animals, rather than applying techniques that have little biological 

basis. Development of these models should not only improve our ability to examine 

patterns of habitat use, but will also serve to increase our understanding of how an 

animal selects and moves within its habitat. The use of ordinal logistic regression to 

develop models may be preferable to my procedure because this method may remove 

problems associated with identifying unused areas (North and Reynolds 1996). 

Optimally, accurate information on habitat use by an animal could be gathered directly, 

whether by telemetry or visual observation. However, often this is not possible due to 

logistical constraints, especially when the number of animals to be followed is large. In 



68 

addition, obtaining information on home ranges for individuals that differ in productivity 

may not be possible in some species. For example, obtaining enough locations to 

accurately estimate home ranges may not be possible in species that abandon breeding 

territories, or change patterns of habitat use after breeding, thereby biasing home range 

estimates only to sites with successful individuals. Spatial modeling that predicts areas 

of use may assist in these situations. 
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CHAPTER IV 

RELATIONSHIP BETWEEN FORAGING HABITAT QUALITY AND NEST SITE 

PRODUCTIVITY IN GRAY HAWKS 

INTRODUCTION 

Habitat quality of a specific area for a given species often is inferred from the 

density of animals living in the area and, when possible, from information on 

productivity and survival of the resident animals (Van Home 1983). However, assessing 

habitat quality in this manner does not identify which environmental features contribute 

most to the quality of the area for that species. Rather, it simply identifies general areas 

as being, on average, of low or high quality. One approach to identifying the 

environmental features that determine habitat quality is to compare areas of low and high 

quality, and identify differences in features that might be meaningful to the subject 

species (e.g., Thome et al. 1999). An alternative approach that operates at a finer spatial 

scale is to search for differences in environmental features among home ranges of a 

given species within an area. This approach assumes that the occupants of home ranges 

in an area will vary in their rates of productivity and/or survival, and that these rates are 

at least partially dependent on the quality of resources and conditions inside the home 

ranges. However, most studies using this approach have used circular buffers around 

nest sites as a surrogate for information on actual boundaries of home ranges (e.g., 

Lehmkuhl and Raphael 1993, Beyer et al. 1996, Ripple et al. 1997). Ideally, information 

on animal movements and habitat use should be employed to increase the capability of 
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detecting differences in environmental conditions among home ranges (see Chapter 3). 

Variation in productivity among breeding hawks often is associated with 

differences in the abundance or availability of prey within the home ranges of the hawks 

(Newton 1979). Furthermore, prey availability frequently is influenced by vegetation 

(Bechard 1982, Janes 1984, Preston 1990). Therefore, the quantity of vegetation of a 

particular kind and structure inside a home range might provide a rough measure of its 

quality. I studied the relationship between Gray Hawk productivity and vegetative 

composition of home ranges in order to determine what, if any, vegetative components 

were associated with productivity. I used a model to predict areas that should be used by 

Gray Hawks (see Chapter 3). Use of this model enabled me to examine the above 

relationship in a manner that incorporated knowledge of Gray Hawk habitat use, and was 

preferable to using circular models that have little biological basis. 
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STUDY AREA AND METHODS 

I studied Gray Hawks breeding along the San Pedro River in southeastern Arizona 

from early April through July, 1995-1997. The study area was defined as the length of 

river between the northern and southern boundaries of the San Pedro Riparian National 

Conservation Area, administered by the Bureau of Land Management, in Cochise County 

(See Chapter 1, Figure 1.1). This area encompasses about 23,500 ha along 64 km of 

perennial and intermittent river at an elevation of 1,125 to 1,280 m. 

Productivity 

I located nest sites by intensively searching cottonwood forests along the river 

early in the breeding season. Territories of Gray Hawks are relatively easy to locate 

because the hawks are vocal prior to incubation, and give alarm calls when humans enter 

the nest area. After a territorial pair was located, I searched all suitable nest trees for 

nest structures. I revisited occupied sites at least 4 times throughout the breeding season 

to determine productivity. Terminology used for productivity measurements follows that 

used by Steenhof (1987). To determine the number of young produced 1 climbed the nest 

tree, usually within 2 weeks prior to fledging of the nestlings. All young were sexed and 

fitted with U.S. Fish and Wildlife Service bands, and several nest measurements were 

taken. If I could not safely climb a nest tree, I counted nestlings from the ground. At 

least 2 visits were made to these nests during the late nestling stage in order to increase 

the reliability of the count of nestlings from the ground. The number of young produced 

during the entire 3-year study was determined at each site was used as a measure of 
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overall productivity for the site. 

Model Development 

I radiotagged breeding male Gray Hawks in order to determine home range size. 

Male Gray Hawks were trapped using a dho-gaza set with a live Great-homed Owl (Bubo 

virginianus) as a lure (Bloom 1987). I tail-mounted transmitters (Holohil Systems PD-2 

transmitters. Carp, Ontario, Canada) to the least worn central rectrix with dental floss 

and epoxy (Dunstan 1973). Transmitter weight (3.8 g) was less than 1 percent of the 

adult male body weight. 

I used Telonics TR-4 receivers (Telonics, Mesa, Arizona) to follow radiotagged 

males approximately weekly during sessions usually lasting 4 to 8 hours. Observation 

periods were terminated if it appeared that the bird was changing its behavior as a result 

of my activities. I used homing (Mech 1983) to relocate birds at hourly intervals in order 

to achieve independence of locations. Two successive locations may be considered 

independent if the animal is capable of moving to any other point within its home range 

within the given time interval (White and Garrott 1990). I mapped locations of perched 

birds on transparent overlays of aerial photos that allowed identification of individual 

trees. 

I used a geographic information system (Arc/Info and Arcview 3.1, 

Environmental Systems Research Institute, Inc., Redlands, California) to obtain universal 

transverse mercator coordinates of bird locations. I digitally scanned the aerial photos 

used for field mapping and registered the scanned images to existing thematic coverages 
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for the study area. Locations were then digitized using the digital photos as reference. I 

used RANGES V (Institute for Terrestrial Ecology, UK) to calculate boundaries of the 

home ranges based on the 90 percent adaptive kernel and minimum convex polygon 

methods. Adaptive kernel ranges were calculated using a 40-m by 40-m grid. Least 

squares cross validation was used to determine the smoothing factor used during 

calculation of the boundaries of the adaptive kernel home range. 

Using a geographic information system, I developed a vegetation map for the 

entire study area. I then used a logistic regression procedure (see Chapter 3) utilizing 

information about known home ranges and this vegetation map to predict home ranges 

for each Gray Hawk territory within the study area. The areas of mesquite, cottonwood-

willow, and "other" vegetation within the predicted home ranges strongly correlate (r > 

0.70) with the areas of these vegetation categories within the 90% adaptive kernel home 

ranges (Chapter 3). I averaged the area of each vegetation category within the predicted 

home range for all years in which the territory was occupied to obtain a single estimate 

of the area within the predicted home range for each category of vegetation. 

Oualitv Analvsis 

For many species, including the Gray Hawk, it may be difficult to determine 

home range boundaries for birds with low productivity for 2 reasons. First, logistic 

constraints may prevent gathering location information on enough animals to encompass 

the full range of productivity in the species. Second, and more importantly, the behavior 

of animals that fail may preclude the gathering of enough locations to accurately estimate 
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home range boundaries of the breeding animal. The latter case is particularly a problem 

for species that abandon breeding territories, or change patterns of habitat use, after 

breeding. In these species, estimates of boundaries of home ranges based on radio-

telemetry data mostly will be obtained at sites with individuals that successfully 

produced young. Therefore, I used predicted home ranges based on a logistic regression 

model to estimate vegetative composition (See Chapter 3). 

Total productivity (i.e., number of young produced) over 3 years was used as a 

measure of habitat quality of each Gray Hawk territory within the study area. I used 

ordinal logistic regression to identify which, if any, vegetative components in the 

predicted home ranges were associated with productivity at Gray Hawk nest sites and, 

therefore, may be useful for identifying quality of individual Gray Hawk territories. 

Independent variables used to build the model were areas of mesquite, cottonwood-

willow, and "other" vegetation. All variables were tested for normality using the 

Shapiro-Wilk test (Sail and Lehman 1996). I used logarithmic transformation (Sokal and 

Rohlf 1981) to transform non-normal data. I then checked for high correlations (r > 

0.60) between independent variables to determine if any variables should be removed 

from the initial model. I used a backward stepwise ordinal logistic regression procedure 

with a P-value of 0.25 to enter and P-value of 0.10 to leave the model (Ramsey and 

Schafer 1997). All possible interaction effects among these 3 variables were also entered 

into the initial model. A backward stepwise procedure was used to prevent the exclusion 

of significant variables due to suppressor effects (Menard 1995). Likelihood ratio chi-
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square tests were used to evaluate variable significance in the stepwise procedure 

(Menard 1995). I used single effect logistic regression models to examine the 

importance of individual vegetative components in relation to nest site productivity. 
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RESULTS 

The total number of young fledged during the 3 years of the study at the 27 Gray 

Hawk nests within the study area ranged from 0 to 8 young/nest, and averaged 3.56 

young/nest. Logistic regression identified 5 effects that were associated with nest site 

productivity (Whole-model test, x^j = 15.47559, P = 0.0085). All 3 vegetative variables 

and 2 interaction effects were included in the final model (Table 4.1). Productivity 

appeared to increase with increasing area of mesquite (Figure 4.1). There is no clear 

relationship between productivity and area of cottonwood-willow or other vegetation 

(Figures 4.2,4.3). The inclusion of area cottonwood-willow and area of "other" 

vegetation in the model was primarily due to their role in the interaction effects. When I 

ran single effect models for each vegetation category, area of mesquite was the only 

effect significant at a P-value less than 0.2 (Table 4.1). 

The interaction effect between area of mesquite and area of cottonwood within a 

home range appears due to productivity decreasing as area of cottonwood-willow 

increases when a moderate amount of mesquite is present (Figure 4.4). This decline in 

productivity does not occur at high or low levels of mesquite. The interaction effect 

between area of cottonwood and area of "other" vegetation is more complicated. 

Productivity appears to decline as the area of "other" vegetation increases within the 

home range when area of cottonwood-willow is at moderate or high levels (Figure 4.5). 

However, at low levels of cottonwood-willow, productivity may increase with increasing 

levels of "other" vegetation (Figure 4.5). At low or moderate levels of "other" 
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vegetation, productivity increases with increasing area of cottonwood-willow vegetation 

(Figure 4.6). However, productivity declines with increasing area of cottonwood-willow 

when there are high levels of "other" vegetation within the home range (Figure 4.6). 

Table 4.1. Results of likelihood ratio chi-square effect tests for ordinal logistic 
regression analysis using all nest sites, San Pedro River study area, Cochise County, 
Arizona, 1995 -1997. Full model represents models chosen using backwards stepwise 
procedure. Individual tests indicate logistic models using each vegetative component as 
the only effect entered in the model. 

Full Model Single Effect Model 

Effect P-value X'l P-value 

Mesquite 5.8450 0.0156 1.8293 0.1762 

Cottonwood-willow 11.8063 0.0006 0.1126 0.7372 

Other 10.0842 0.0015 0.7683 0.3807 

Mesquite X Cottonwood 5.3805 0.0204 

Cottonwood X Other 12.7608 0.0004 _ 

Because mesquite is an important vegetative component of Gray Hawk foraging 

habitat, I examined the role of outliers in the logistic analysis as they related to mesquite. 

I plotted area of mesquite against productivity and identified 4 nest sites that obviously 

did not follow the apparent trend. I fitted a standard least squares regression line to the 

data with outliers removed. The 4 nests I identified had the highest residuals from this 

fitted line of all 27 nests. After removing these outliers, I analyzed the data using logistic 

regression as described above. Two nests. Pipeline and North Contention, had home 

ranges with high area of mesquite and low area of cottonwood-willow and "other" 



78 

vegetation, but had low productivity. The remaining 2 nests, Charleston Mill and 

Highway 90, had low area of mesquite, high area of cottonwood-willow, and low or 

moderate area of "other" vegetation, respectively, but had high productivity. With 

outliers removed, logistic regression analysis identifled area of mesquite as the only 

effect useful in separating nests of differing productivity (Whole-model test, = 

11.84434, P = 0.0006) (Figure 4.7). 



79 

8 -

6 -

"S 
3 

1 
2 - • • 

0 -

0 20 60 80 100 40 

Mesquite 

Figure 4.1. The relationship between Gray Hawk 3-year productivity (number of young 
fledged) and area of mesquite (ha) within predicted home ranges, San Pedro River study 
area, Cochise County, Arizona, 1995 - 1997. Line fitted using ordinary least squares 
regression. 
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Figure 4.2. The relationship between Gray Hawk 3-year productivity (number of young 
fledged) and area of cottonwood-willow (ha) within predicted home ranges, San Pedro 
River study area, Cochise County, Arizona, 1995 - 1997. Line fitted using ordinary least 
squares regression. 
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Figure 4.3. The relationship between Gray Hawk 3-year productivity (number of young 
fledged) and area of "other" vegetation (ha) within predicted home ranges, San Pedro 
River study area, Cochise County, Arizona, 1995 - 1997. Line fitted using ordinary least 
squares regression. 
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Figure 4.4. The interaction between Gray Hawk 3-year productivity (number of young 
fledged) and area of cottonwood-willow (ha) at differing levels of mesquite within 
predicted home ranges, San Pedro River study area, Cochise County, Arizona, 1995 -
1997. Line fitted using ordinary least squares regression. 
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Figure 4.5. The interaction between Gray Hawk 3-year productivity (number of young 
fledged) and area of "other" vegetation (ha) at differing levels of cottonwood-willow 
within predicted home ranges, San Pedro River study area, Cochise County, Arizona, 
1995 - 1997. Line fitted using ordinary least squares regression. 
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Figure 4.6. The interaction between Gray Hawk 3-year productivity (number of young 
fledged) and area of cottonwood-willow (ha) at differing levels of "other" vegetation 
within predicted home ranges, San Pedro River study area, Cochise County, Arizona, 
1995 - 1997. Line fitted using ordinary least squares regression. 
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Figure 4.7. The relationship between Gray Hawk 3-year productivity (number of young 
fledged) and area of mesquite (ha) within predicted home ranges with 4 '"outlier" 
territories removed, San Pedro River study area, Cochise County, Arizona, 1995 - 1997. 
Line fitted using ordinary least squares regression. 
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DISCUSSION 

The logistic model suggests that productivity in Gray Hawks is strongly 

associated with the amount of mesquite present within the home range. This 

interpretation is supported both by the strength of the single effect model with 

outliers removed, and the ranking of the single effect mesquite model with all nests 

included. However, the inclusion of other effects in the logistic model indicate that 

overall vegetative composition can alter the relationship between amount of mesquite 

and productivity. For example, habitat quality of home ranges with low amounts of 

mesquite apparently are improved when cottonwood is abundant. Two of the 

identified outliers, Charleston Mill and Highway 90, had high productivity, low 

amounts of mesquite, and high amounts of cottonwood within their predicted home 

ranges. Cottonwood appears to be capable of acting as a "replacement" for mesquite 

as an element of foraging habitat to a certain degree. However, increasing the 

amount of cottonwood at moderate amounts of mesquite probably fragments patches 

of mesquite, and I speculate that this fragmentation decreases the value of mesquite 

stands to Gray Hawks. These smaller patches of mesquite probably do not provide 

the tall trees and open understory that are a preferred vegetation of foraging Gray 

Hawks. At high levels of mesquite, presence of higher levels of cottonwood probably 

does not fragment mesquite to a degree that is detrimental to Gray Hawks. 

The interaction between cottonwood-willow and "other" vegetation probably is 

the result of the combined influence of these vegetation categories on the amount of 
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mesquite. In general, productivity declined as both cottonwood-willow and "other" 

vegetation increased. Any territory with high amounts of both of these vegetation 

types would have low productivity for 1 of 2 reasons. First, if home range size did 

not increase proportionally, high amounts of non-mesquite vegetation would 

necessarily mean that there was little mesquite present. Consequently, the territory 

would probably be of low quality. Second, even if home range size increased, the 

increased mesquite would likely be fragmented into small patches that, I suspect, are 

not as useful to foraging Gray Hawks as the larger stands of mesquite found in 

mesquite bosques. 

I identified 2 nests as outliers that are not readily explained by the above model. 

These nests probably illustrate the substantial amount of "noise" inherent in 

comparisons of habitat characteristics and productivity. Both North Contention and 

Pipeline were sites with low amounts of cottonwood-willow and "other" vegetation, 

and a high amounts of mesquite. As such, both should have been among the most 

productive territories within the study area. However, birds at North Contention 

produced no young during the study. All indications are that this territory is prone to 

failure due to predation, probably by Great Homed Owls. In 1997, the brooding 

female was killed on the nest, and remains of the male were found nearby. In 

addition, the female was banded, probably as a nestling in 1995, indicating that the 

female from the previous year also was lost. Birds nesting at Pipeline produced only 

2 young during the study, both in 1996. In 1995, the territory was unoccupied. This 
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territory had nests located only in willow trees. The low quality of this territory 

probably was due to the nearly complete lack of cottonwoods within the home range. 

What little cottonwood-willow vegetation was present was all composed of willow. 

Therefore, the observed low productivity was probably due to the lack of suitable 

nesting structures, rather than low quality foraging habitat. 

Gray Hawk productivity appeared to be influenced primarily by prey 

availability, as expressed in my study by amount of mesquite within the home range, 

and not by prey abundance. However, cottonwood-willow vegetation appears to 

provide some benefit as foraging habitat, in addition to its primary function of 

providing nest locations. However, habitat quality, as measured by productivity, is 

not entirely explained by the vegetative composition of the home range. Factors 

other than prey availability, such as presence of predators and adequate nesting sites, 

likely influence the productivity of Gray Hawks. 
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SUMMARY 

The Gray Hawk population along the upper San Pedro River has expanded in 

recent decades, and probably has stabilized in the past few years. Productivity of this 

population is apparently normal for a raptor of this size, but without information on 

survival I cannot make accurate judgements on whether the population is still 

increasing. Gray Hawks in southern Arizona have very small home ranges for their 

size, allowing for high nesting densities along the river. Reptiles are the primary prey 

of Gray Hawks but the species occasionally eats other vertebrates. 

Cottonwood trees are important as nesting substrate for Gray Hawks. In 

addition, cottonwood-willow forests may occasionally be important as foraging 

habitat. However, mesquite is clearly the vegetation type used predominantly by 

Gray Hawks when foraging. Prey availability, rather than abundance, appears to be 

the main determinant of foraging sites. Gray Hawks forage in areas within the 

mesquite forest that have taller trees and lower understoiy cover than surrounding 

mesquite. These areas probably provide the best conditions for prey detection and 

capture, and do not support higher numbers of prey. 

Gray Hawk productivity is related to the amount of mesquite bosque within the 

home range. Therefore, amount of mesquite appears to be the main determinant of 

habitat quality in Gray Hawks. However, in some circumstances cottonwood-willow 

forest can act to replace mesquite as foraging habitat and create high quality habitat 

when little mesquite is present. Presence of large amounts of vegetation, other than 
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mesquite or cottonwood-willow, is indicative of poor habitat for Gray Hawks. 

Optimally, a high quality Gray Hawk territory should have an area of large, 

unfragmented mesquite forest consisting of large trees and an open understory. In 

addition, at least some cottonwood trees should be present to provide nesting and 

loafing areas. In areas in which the amount of mesquite is limited, the cottonwood 

forest needs to be substantial to offset the lack of primary foraging habitat. 

Lastly, I propose a method to estimate home range areas using logistic 

regression coupled with a geographic information system. This method shows 

promise for examining spatial components of the environment around nest sites in a 

more biologically meaningful way than the commonly used practice of using circular 

buffers. 
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