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DEDICATION 

To the red-tailed hawks of Bald Mountain, in the coast range of Oregon, 1971-72. 

Mark him, how his power he uses. 
Lays it by, at will resumes! 
Mark, ere for his haunt he chooses 
Clouds and utter glooms! 
There, he wheels in downward mazes; 
Sunward now his flight he raises. 
Catches fire, as seems, and blazes 
With uninjured plumes! 

William Wordsworth 
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ABSTRACT 

I studied a population of Cooper's hawks f Accipiter cooperii) nesting in the 

metropolitan city of Tucson, Arizona, from 1994 to 1997. I identified 51 Cooper's hawk 

territones distnbuted across Tucson with pockets of nesting density as great as 1 

pair/64.7 ha. Eucalyptus (Eucalyptus spp.) (70.8%), aleppo pine fPinus halepensis) 

(25.0%), and cottonwood trees fPopulus fremontii) (4.2%) were used as nesting 

structures more frequently than expected based on availability. Nest trees were primarily 

located in residential yards (48.3%) and high-use recreational areas (28.3%). Nest sites 

had a greater basal area, canopy cover, stem density, and number of trees >10 m tall than 

random sites. I compared the breeding ecology of urban Cooper s hawks with those in 

exurban areas. Urban pairs tended to have larger clutches (urban x = 3.64; exurban x = 

3.20) (£ = 0.085) and more nestlings (urban x = 3.11; exurban x = 2.78) (E = 0.145) than 

exurban pairs. Nestling mortality, however, was greater among urban nests (51%) than 

exurban nests (5%). The primary cause of death among urban nestlings was 

trichomom'asis (80%), a disease caused by the parasitic protozoan Trichomonas gallinae: 

the disease was not a mortality factor among exurban nests. Raptors develop the disease 

by eating infected prey. Doves (Columbidae) are hosts for the protozoan and accounted 

for 83% and 10% of the diet of urban and exurban Cooper's hawks, respectively. 

Breeding age Cooper's hawks were 99% free of infection independent of nesting area. 

Infection rates were greater among urban nestlings than exurban nestlings (£ <0.0001). 

Breeding urban Cooper's hawks have high probabilities of survival (0.792) and recapture 

(0.947), but the estimated juvem'le survivorship is low (0.199). Age-specific fecundity 
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and survival suggests the urban population is declining by 8% annually, but has the 

capacity to increase by at least 2% annually. Paradoxically, the population appears to be 

stable or increasing, probably due to immigration of Cooper's hawks from outside the 

study area. Population sinks in human altered landscapes have been described as 

"ecological traps'̂  because animals are attracted to them but suffer from low productivity 

or high mortality once they are there. My results suggest Tucson may be an ecological 

trap for Cooper's hawks. 
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INTRODUCTION 

An area is considered a source habitat for a given population if the birth rate of 

the population is greater than the death rate and if the rate of emigration is greater than 

the rate of immigration (Pulliam 1988). In contrast, a population sink is an area where 

the mortality and immigration rates are greater than the birth and emigration rates 

(Pulliam 1988). Extinctions may occur in sink habitats, but immigration by dispersers 

from source habitats may enable the sink population to persist over time [i.e. the '"rescue-

effect" (Brown and Kodric-Brown 1977)] (Pulliam 1988, Temple and Carey 1988). 

Anthropogenic land alterations, such as woodland ftagmentation, can result in population 

sinks (Temple and Carey 1988, Pomeluzi et al. 1993). Sinks in human-altered 

landscapes have been termed "ecological traps" (Gates and Gysel 1978) because animals 

are attracted to them but suffer from exceptionally low reproductive success or high rates 

of mortality once they are there. An ecological trap, therefore, must provide the 

environmental cues that suggest suitable habitat so that am'mals encountering the area 

will settle. The "trap" component is some feature (e.g., high voltage wires), event (e.g., 

cereal grain harvesting), or effect (e.g., disease) associated with the human altered 

landscape with which the species cannot cope. 

Urbanization usually results in a loss of native species, but some native species 

habituate to urbanized areas and even appear to flourish based on estimates of abundance 

(Emlen 1974, Beissinger and Osborne 1982, Mills et al. 1989). Estimates of abundance, 

however, can give misleading impressions of habitat quality (Van Home 1983, Vickery 

et al. 1992), especially if the area is an ecological trap. To assess the possibility that 
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urban areas are ecological traps for a species, the demographics (i.e., fecundity and 

survival rates) of the urban population must be examined. 

The Cooper's hawk (Accipiter cooperii) is a medium-sized raptor, endemic to 

North America, ranging from the east coast to the west coast, and from southern Canada 

southward into northern Mexico. Cooper's hawks are true woodland hawks; their habitat 

is characterized as extensive forests to small woodlots of deciduous, coniferous and 

mixed pine-hardwoods (Reynolds 1989, Rosenfreld and Bielefeldt 1993). Cooper's 

hawks are known as being secretive, inconspicuous, and sensitive to human disturbance, 

especially during the nesting season (Fitch et al. 1946, Meng 1959, Stahlecker and Beach 

1979, Snyder and Snyder 1991, Bosakowski et al. 1993, Roseniield and Bielefeldt 1993). 

Loss of breeding habitat, especially due to urbanization and human disturbance, has been 

identified as a primary threat to some populations of Cooper's hawks (White 1974, Jones 

1979, Reynolds 1989, Bosakowski et al. 1993). However, low numbers of Cooper's 

hawks (1-13 pairs) have been found breeding in small cities (Stahlecker and Beach 1979, 

Murphy et al. 1988, Rosenfield et al. 1995, Stewart et al. 1996), contradicting the 

existing perception about their sensitivity to human disturbance. 

I studied a relatively large breeding population (>45 pairs) of Cooper's hawks in 

Tucson, Arizona, from 1994-1997. The number of Cooper's hawks dwelling in Tucson 

suggests that the city provides high quality habitat On the other hand, the potential for 

increased mortality (e.g., from disease, window colUsions, persecution) could render 

Tucson a population sink for Cooper's hawks. I examined several aspects of urban-

dwelling Cooper's hawks to determine if Tucson functioned as an ecological trap for the 
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species. First, I identified what features within the urban environment Cooper's hawks 

selected as nesting habitat I then compared the basic ecology of the urban population, 

including nesting behavior, reproduction, mortality, and diet, to an exurban population. 

Third, I conducted a clinical analysis of age- and location-specific infection rates of a 

parasitic protozoan. Trichomonas ggDinaa that appeared to be common among Cooper's 

hawks in Tucson to determine the influence it had on urban and exurban populations. 

Finally, I used capture-recapture techm'ques to model time, sex, and age specific survival 

rates for the urban population of Cooper's hawks. I combined reproductive data with the 

survival estimates to calculate the rate of change of the urban population of Cooper's 

hawks. I augmented the results with anecdotal observations to assess whether the 

Cooper's hawk population in Tucson was self-sustaining, or if the city served as a source 

or sink habitat for the species. 

Herein, I present the results of my dissertation research in 4 chapters, "Nest site 

selection of urban nesting Cooper's hawks", "Ecology of urban nesting Cooper's hawks", 

'"Age and location specific infection rates of Trichomonas gallinae among Cooper's 

hawks in southern Arizona", and "Demography of an urban population of Cooper's 

hawks in Tucson, Arizona". Each chapter addresses specific questions regarding urban 

nesting Cooper's hawks and is structured to be independent of the others. Combined, the 

chapters present a more comprehensive and clearer understanding of the ecology of 

urban-dwelling Cooper's hawks and the population level influences urbanization may 

have on the species. 
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CHAPTER I 

NEST-SITE SELECTION BY COOPER'S HAWKS IN AN URBAN ENVIRONMENT 

INTRODUCTION 

The breeding habitat of Cooper's hawks ranges from extensive forests to small 

woodlots of deciduous, coniferous and mixed pine-hardwoods (Reynolds 1989, 

Rosenfieid and Bieiefeldt 1993). Nest sites of Cooper's hawks in natural landscapes 

have been described across the species range (Millsap 1981, Titus and Mosher 1981, 

Reynolds et al. 1982, Moore and Henny 1983, Kennedy 1988, Wiggers and Kritz 1991). 

Cooper's hawks apparently select nesting areas on the basis of characteristic of the nest 

stand; nest sites are then selected within suitable stands (Reynolds 1983, Kennedy 1988). 

Loss of breeding habitat, especially due to urbaniTation and human disturbance, is a 

primary threat to populations of Cooper's hawks (Jones 1979, Reynolds 1989, 

Bosakowski et al. 1993), but some individuals nest in small cities (Stahlecker and Beach 

1979, Murphy et al. 1988, Rosenfieid et al. 1995, Stewart et al. 1996). 

Factors influencing nesting by Coopers hawks in urban landscapes are not 

known. However, urbanization of natural areas and the apparent ability of the species to 

habituate to urban environments in some situations suggests that such information may 

become important for management I examined the nest site selection of a population of 

Cooper's hawks in Tucson, Arizona. Herein, I identify the features of the urban 

landscape that are associated with the nest sites of Cooper's hawks. 
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STUDY AREA AND METHODS 

1 studied Cooper's hawks breeding in the greater Tucson metropolitan area (32° 

N, 11 r W) in southeastern Arizona, 1994-1996. Preliminary work was done in 1993. 

The area encompasses approximately 70,000 ha with an estimated human population of 

692,400 residents. Tucson is located in the Sonoran Desert and contains lower and upper 

Sonoran vegetation types and riparian corridors (Brown et al. 1979). Although remnants 

of these vegetative communities are still found within Tucson, much of the natural 

vegetation has been removed or replaced with exotic species. 

A variety of constraints associated with the urban environment prohibited us from 

conducting systematic broadcast surveys (Rosenfield et al. 1985) throughout all 

residential areas of Tucson. The area also was too expansive for a complete systematic 

foot survey. Therefore, I identified a 12,682 ha area, denoted as the intensive survey area 

(ISA), within metropolitan Tucson. The ISA covered 18% of the Tucson metropolitan 

area and encompassed the central, heavily developed area of Tucson (Fig. 1). 

I conducted a complete survey of Cooper's hawks in the ISA during the courtship 

and breeding periods (Mar - Jul) in 1995 and 1996. I examined virtually every tree 

within the ISA for nesting Cooper's hawks. All analyses presented herein refer only to 

nests located within the ISA during 1994-1996, plus 3 nests from 1993. 

I recorded the species of each nest tree, and measured its height and diameter at 

breast height (dbh). I also selected 50 random locations in the ISA by generating random 

universal transverse mercator coordinates and transcribing them to 7.5" topographical 

maps. I then located the tree closest to each random point, recorded its species, and 
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Figure 1.1. Tucson Study Area, Tucson, Arizona, (top right). Cooper' s hawk nest 
locations ( 0) and primary ( 4 and 6 lane) through streets in the Intensive Survey Area 
(below). Intensive Survey Area boundaries are Campbell Avenue (west), Golf Links Road 
(south), Harrison Road (east), and River Road and the Rillito River (north). 
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measured its height and dbh. I compared the distribution of tree species used for nest 

structures to that expected on basis of availability with a chi-square contingency table, 

but had to pool species other than eucalyptus, aleppo pine, and cottonwood to meet test 

conditions. I compared average height and dbh between nest trees and random trees with 

Hests. 

I defined a nest site as a 0.08 ha area centered on the nest tree (Moore and Hermy 

1983), and compared features of nest sites to those of randomly located sites. I measured 

only 1 nest site in a territory if there was any overlap of the 0.08 ha areas among sites 

used in different years. Locations of the random sites were based on the 50 random 

points used for assessment of tree availability. However, because the most basic, 

necessary feature of a nest site is a suitable nest tree, the random site was shifted to and 

centered around the closest eucalyptus, aleppo pine, or cottonwood tree with a dbh 

greater than or equal to the mim'mum dbh of urban nest trees (S5.0 cm for eucalyptus 

trees, 43.8 cm for aleppo pine trees, and 43.0 cm for cottonwood trees). I considered 

only these 3 species as potential nest trees because they were the only ones used by 

Cooper's hawks in the ISA. 

I measured 17 features at the nest and random sites (Table 1.1). Overhead 

canopy closure was estimated with a convex spherical densiometer (Lemmon 1957). I 

took a reading at the base of the nest tree in each cardinal direction, and 4 readings each 

at points 8 meters (half the plot radius) from the nest tree in each of the 4 cardinal 

directions. The readings were averaged to estimate the percent canopy cover for the site. 

In some situations, 1 was only able to take readings in 3 of the 4 directions because of 
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Table 1.1. Descriptions of habitat variables used in analyses of Cooper s hawk nest site 
selection in Tucson, Arizona, 1993-96. 

Variable Description 

Tree height (m) Height of tree measured with a clinometer. 

Nest height (m) Height of nest measured with a clinometer. 

Pnstht Percent nest height (Nest height/tree height x 100). 

Dbh (cm) Diameter at breast height of trees measured with a dbh tape. 

Basal area (m^ Basal area of sites calculated from dbh measures. 

Canopy cover (%) Percent of canopy cover determined with convex densiometer®. 

Stem density Number of tree stems in plot. 

Tree<10 Number of trees greater than 10 meters tall. 

Tree>10 Number of trees less than 10 meters tall. 

Distance MT Distance from center of plot to nearest mature tree. 

Distance Rd Distance from center of plot to nearest road. 

Distance Bid Distance from center of plot to nearest building. 

Disturbance Categories of disturbance: low, medium, and high". 

Shrub Percent shrub cover in plot 

Lawn Percent of surface area covered in lawn. 

Impervious Percent of surface area covered with impervious surfaces. 

Exposed Percent of surface area of exposed ground. 

* See text for description of technique or categories 
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obstructions (e.g., buildings). 

Due to the structure of many ornamental trees used in urban landscaping, 1 found 

that stem diameter was not a good criteria for separating trees from shrubs. Thus, I 

considered any woody vegetation >3 m tall as a tree and <3 m tall as a shrub or other 

woody plant. I grouped all trees into categories of <10 m or >10 m tall. All heights were 

measured with a clinometer. 

I measured distances from the cemer tree (nest tree or potential nest tree) of each 

site to the nearest tree, road, and building. I considered buildings as any structure with 

walls and a roof I subjectively categorized sites into 1 of 3 disturbance categories: low 

(e.g., cemeteries and small residential parks), moderate (e.g., residential areas and golf 

courses), and high (e.g., major city parks, residential areas adjacent to principle traffic 

thoroughfares). I visually estimated the proportions of the site covered by shrubbery, 

exposed ground, lawn, and impervious surface. For testing, I placed these estimates into 

1 of 5 categories: 0-10%, 11-25%, 26-50%, 51-75%, and >75%. Due to low proportions 

of shrub cover, I categorized estimates of shrub cover as either 0-10% or >10%. 

I logarithmically transformed measured values that were not normally distributed, 

then used Hests to compare features between nest sites and random sites. 1 used Mann-

Whitney n-tests to compare categorical data between the nest sites and random sites. I 

also used the U-test to compare the distance to nearest building, which I could not 

normalize with transformations. I tested for influences that disturbance levels may have 

on nest heights with a one-way analysis of variance (ANOVA) (Sokal and Rohlf 1995). 

I examined nest site selection at the broader scale of 6.0 ha (i.e., nest area) by 
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accessing a geographic information system database of land-use types in the Tucson 

metropolitan area (WHIPS) (Shaw et al. 1996). I overlaid 6.0 ha circular plots, centered 

on nest sites, onto the WHIPS database, then queried land-use types and proportions in 

each nest area. I only used I nest site from which to center a nest area if there was any 

overlap of the 6.0 ha area between 2 nest sites used by the same pair of hawks. I 

evaluated the accuracy of the WHIPS data base at 15 randomly selected nest areas with 

on the ground land-use estimates and 1995 aerial photographs. The WHIPS database 

accurately represented the dominant land-use at 14 of 15 nest areas; low density housing 

was inaccurately represented in greater proportion than high density housing at a single 

nest area. Thus, I considered the database to adequately identify the dominant land-uses 

in nest areas. I categorized each nest area by dominant land-use and compared the 

distnbution of nest areas among the land-use types to the availability of land-use types in 

the ISA with a chi-square goodness-of-fit test (Sokal and Rohlf 1995). 
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RESULTS 

I located 33 Cooper's hawk territories in the ISA. The most territories active 

during a breeding season was 29 in 1996 (I nest/437 ha). I identified 60 individual trees 

used by Cooper's hawks for nesting structures in 33 territories. The majority of nest 

trees were located in front or back yards of private residences or in high density 

commons (Table 1.2). Eight nest trees were trimmed, removed, or blown down before I 

took measurements. Nests in the remaining S2 trees avenged 1S.2 m 3.61 (SD) m, 

(range = 8.3 - 23.0 m) above ground^ and were typically located high within the tree 

canopy (69.0 ± 11.9% of total tree height, range = 35 - 94%). The disturbance level at 

the nest site had no detectable influence on the height of nest placement (F = 0.729, df= 

51, £ = 0.4875); there was no difference between nest sites and random sites in level of 

disturbance (£ = 0.9358). 

Cooper's hawks did not nest in tree species in proportion to availability (x^= 

50.2, df = 3, E_< 0.0001) (Fig. 1.2). Species used as nest structures in the ISA were 

eucalyptus, aleppo pine, and cottonwood trees (Fig. 1.2). Nest trees also were taller 

(used: x = 22.1 ± 4.56 m; available; x = 10.7 ± 5.78 m) (E < 0.0001) and had greater dbh 

(used: x = 79.0 ±21.75 cm; available: x = 34.6 ± 24.20 cm) (£ < 0.0001) than random 

trees. 

I measured nest site features around 49 nest trees (3 trees were not measured 

because they overlapped the 0.08 ha area of nest trees from previous years). Total basal 

area, canopy cover, total stem density, and number of trees >10 m were greater at nest 

sites than at random sites (Table 1.3). 
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Table 1.2. Locations of Cooper's hawk nest trees in Tucson, Arizona, 1993-96. 

Lx)cation n % 

Front or back yard 29 48.3 

Large park, golf courses 17 28.3 

Small parks, cemeteries 5 8.3 

High density residential commons 5 8.3 

School grounds 2 3.3 

Natural open areas 2 3.3 

Total 60 99.8 

Nest trees were located significantly farther from buildings than random sites, but the 

large variation (Table 1.3) associated with the measurements leads me to doubt a 

biological significance. Nest sites also had less cover by impervious surface than random 

sites (Table 1.3). 

I identified the dominant land-use types in the nest area around 44 nest trees (16 

areas were not evaluated because they overlapped the nest areas of other trees used in a 

previous year). Dominant land-use types in Cooper's hawks nest areas were not in 

proportion to the availability (x* = 43.16,4 df, £ < 0.001). Medium to high density 
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residential use and other high use areas were used more than expected based on their 

availability in the ISA (Table 1.4). Cooper' s hawks did not nest where agricultural, 

industrial, or commercial activities were the dominant land-use (Table 1.4). 

70 

60 

50 

C:40 
Q) 

~ 

~ 30 

20 

10 

0 

EUCA ALP I COTT OTHER 

Figure 1.2. Availability of trees (solid bars) compared to trees used for nest structures (hatched 
bars) by Cooper's hawks in the intensive survey area (ISA) of Tucson, Arizona. EUCA = 
Eucalyptus; ALPI = Aleppo pine; COTED = Cottonwood; OTHER = all others combined palo 
verde (Cercidium spp.), mesquite (Prosopis spp.), acacia (Acacia spp. ), willow (Salix spp.), salt 
cedar (Tamarix spp.), European olive (Olea europaea), cedar (Cedrus spp.) and several 
miscellaneous ornamentals (X2 = 50.2, df=3 , £. < 0.0001). 
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Table 1.3. Sample means and confidence intervals of habitat variables for urban 
Cooper's hawk nest sites (n = 49) and random plots (n = 50), Tucson, Arizona. 

Nest Random 

95% CI for 
Feature x SE x SE difference of means P 

Basal area (m^) 1.21 0.07 0.62 0.06 (0.42,0.77) <0.0001 

Canopy cover (%) 64.79 2.27 44.04 1.89 (15.90,25.24) = 0.0002 

Stem density 5.47 0.47 3.40 0.46 (1.88,2.02) = 0.0005 

Tree > 10 m 3.86 0.34 1.94 0.19 (-0.07,3.00) <0.0001 

Tree < 10 m 1.49 0.27 1-32 0.23 (-0.36,0.70) = 0.9080 

Distance MT 9.03 0.77 10.82 1.03 (-5.23, 1.73) = 0.2336 

Distance Rd 42.85 10.13 29.12 11.08 (-1.52,27.74) = 0.0660 

Distance Bid 40.86 10.71 23.99 8.81 (-11.13,38.37) = 0.0025 

Shrub 4.39 0.79 5.41 1.11 (-5.38, 3.34) = 0.7571 

Lawn 30.71 5.42 16.43 4.16 (-5.07,29.77) = 0.0758 

Imperv 20.82 3.71 40.41 3.77 (17.17, 18.95) <0.0001 

Exposed 43.67 5.21 37.75 3.76 (-13.93,26.19) 0.5356 
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Table 1.4. Dominaiit land-use types observed and expected in Coopers hawk urban nest 
areas, Tucson, Arizona, 1993-96. 

Land-use type Observed % Expected % 

Low residence* I 2.3 1.5 3.5 

Med--high residence'' 29 65.9 24.3 55.2 

Low use" 4 9.1 3.6 8.1 

High used** 10 22.7 2.1 4.8 

Other® 0 0.0 12.5 28.4 

Total 44 100.0 44.0 100.0 

" < 3 houses/0.4 ha. 
'' > 3 houses/0.4 ha. 

neighborhood parks, cemeteries, natural open space, 
distria and regional parks, golf courses. 
Agricultural, comniercial and industrial land-use. 



DISCUSSION 

Cooper's hawks nest in densities of 1 nest/671-2,326 ha in the western states 

(Reynolds 1989) and 331-5,000 ha in the eastern states (Rosenfield et al. 1991). Millsap 

(1981) estimated the density of Cooper s hawks to be one nest per 800-1,000 ha in non-

riparian areas of Arizona. The highest reported nesting density of Cooper's hawks (I 

nest/272 ha) was for an urban population of 13 pairs in Stevens Point, Wisconsin 

(Rosenfield et al. 1995). My estimate of 1 nest/437 ha in the ISA is at the high end of 

reported densities. Yet, in this study there were pockets of even greater nesting density, 

as high as 1 nest/64.7 ha in some areas. My findings, combined with the work of 

Rosenfield et al. (1995), suggest that Cooper's hawks can attain higher nesting densities 

in urban areas than in exurban locations. Im'tially, this appears counterintuitive, given 

that the species typically is secretive and sensitive to human disturbance, especially 

during the nesting season (Meng 1951, Stahlecker and Beach 1979, Snyder and Snyder 

1991, Bosakowski et al. 1993, Rosenfield and Bielefeldt 1993). I believe the explanation 

for this apparent contradiction lies in the attractiveness of some urban areas as habitat for 

Cooper's hawks. 

The growth of Tucson has resulted in an extensive alteration of the original 

landscape. For example, perennial streams once flowed through the Tucson Basin, 

supporting galleries of cottonwood trees and mesquite (Prosopis spp.) bosques. Very 

little of the original riparian vegetation persists in Tucson, but the introduction of exotic, 

tall-growing, fiill-canopied trees apparently has replaced native riparian trees as suitable 

nesting structures. I found that Cooper's hawks in Tucson generally selected small. 



grove-like aggregations of exotic, large, well-canopied trees as nest sites. The level of 

human disturbance did not appear to be a factor in nest selection. The majority of nests 

were located in residential yards in medium to high density residential areas. I doubt 

there is any biological significance in the differences and near differences in distances to 

roads, buildings, amount of lawn and amount of impervious surfaces between nest sites 

and random sites. Rather, these factors are artifacts of where people have planted grove

like aggregations of trees. I surmise that Cooper's hawks are selecting for groves of trees 

relatively independent of where they are situated. For example, I found nests within 

100 m of 4 and 6 lane city streets; one nest even overhung a principal 4 lane city street. 

Nests in the large city parks were exposed to almost constant, high levels of 

human activity. Disturbance, however, may be a reason why Cooper's hawks 

preferentially used taller trees as nest sites. Most of the nests in the ISA were located 

high in the canopy of the nest trees, and usually were difficult to see from the ground. 

This positioning may have given the hawks a sense of security from human activity. I 

did find Cooper's hawks nesting much closer to the ground in palo verde and hackbeny 

(Celtis spp.) trees (n = 5 territories) located in arroyos outside the ISA on the outskirts of 

Tucson where the only consistent disturbance was vehicular traffic. 

A second factor likely making Tucson attractive to Cooper's hawks is the 

availability of water. Cooper's hawks in exurban areas tend to nest within 1 km of a 

water source (Millsap 1981, Titus and Mosher 1981, Reynolds et al. 1982). Lack of 

water in the desert may limit the availability of suitable nest sites for Cooper's hawks, 

whereas the accessibility of water at the numerous birdbaths, pools, and irrigation 
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systems in Tucson may favor urban-nesting by the species. 

A third possible reason why Cooper's hawks are nesting in Tucson is the 

abundance of prey. Emlen (1974) and Beissinger and Osborne (1982) found that the 

number of individuals and the biomass of birds were significantly greater in urban areas 

than in exurban areas. Numbers of mourning doves rZenaida macroura) and Inca doves 

fColumbina io£2)> the second and fourth most abundant birds in Tucson, are positively 

correlated with increasing housing density and with open areas of exotic vegetation 

(Gennaine 1995). Doves are the primary prey of Cooper's hawks in Tucson (see Chapter 

Q), and their abundance may explain the high nesting densi^ of urban Cooper's hawks. 

Abundant prey in close proximity to nest stands may allow Cooper's hawk home ranges 

in Tucson to be relatively small, and thus allow an increased nesting density. 
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CHAPTER n 

ECOLOGY OF URBAN NESTING COOPER'S HAWKS 

INTRODUCTION 

The Cooper's hawk (Accipiter cooperii'> is a medium-sized raptor that normally 

inhabits forests and woodlands. They are known for being secretive, inconspicuous, and 

sensitive to human disturbance, especially during the nesting season (Fitch et al. 1946, 

Meng 1959, Stahiecker and Beach 1979, Snyder and Snyder 1991, Bosakowski et ai. 

1993, Rosenfield and Bielefeldt 1993), Habitat loss is the greatest threat to Cooper's 

hawks (White 1974, Reynolds 1989); habitat alteration by urbanization and human 

disturbance are of particular concern (Jones 1979, Bosakowski et al. 1993). However, 

low numbers of Cooper's hawks (1-13 pairs) have been found breeding in small cities 

(Stahiecker and Beach 1979, Murphy et al. 1988, Rosenfield et al. 1995, Stewart et al. 

1996). These urban-nesting Cooper's hawks are sometimes acclimated to the presence 

of humans (Stahiecker and Beach 1979) and contradict the existing perception about the 

sensitivity of the species to human disturbance. 

From 1994 through 1996,1 studied the breeding ecology of Cooper's hawks in 

the metropolitan city of Tucson, Arizona, and in exurban areas of southeast Arizona. 

Herein, I compare the nesting phenolo^, productivity, mortality, and diet of Cooper's 

hawks nesting in urban and exurban settings in southeast Arizona. 
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STUDY AREA AND METHODS 

I delineated 3 areas in southeast Arizona in which to conduct this study. The first 

was the greater Tucson metropolitan area, including the cities of Tucsoiu South Tucson, 

Oro Valley, and the unincorporated urbanized areas surrounding them (32° N, 11 r W) 

(Fig. 2.1). This area was designated as the Tucson Study Area (TSA), encompassed 

approximately 70,000 ha, and supported an estimated human population of692,400 

residents. Tucson is located in the Sonoran Desert and supports lower and upper 

Sonoran vegetation types and riparian corridors (Brown et al. 1979). Although remnants 

of these vegetative communities are still found within Tucson, much of the natural 

vegetation has been removed or replaced with exotic species. Elevation in the TSA is 

approximately 732 m. For related aspects of my study, 1 identified an Intensive Survey 

Area (ISA) of 12,682 ha within the TSA. The ISA comprised approximately 18% of the 

TSA and encompassed the central, extensively urbanized section of Tucson (Fig. 2.1). 

The control study area (CS A) is in reality an ^gregation of different exurban 

locations throughout southeast Arizona, including Aravaipa Creek, Arivaca Creek, the 

Chiricahua Mountains, Cienega Creek, Harshaw Creek, and the San Pedro River (Fig. 

2.1). Vegetation in these areas ranged from riparian corridors of broadleaf gallery forests 

with adjacent mesquite (Prosopis spp.) uplands, to oak (Quercus spp.) savannahs and 

oak-pine (Eiojis spp.) woodlands. The areas within the CSA ranged from approximately 

1046 to 1907 m in elevation, and are representative of the habitats used by Cooper's 

hawks outside of the urban environment 



33 

• 
Arizona Tucson Study Area 

Figure 2.1: Tucson, Arizona (o) and locations constituting the Control Study Area (•) 
(left). Tucson Study Area with shaded Intensive Survey Area (right). 
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Nesting Phenology 

This stu(fy was conducted during the breeding seasons (March - July) of 1994, 

1995, and 1996. I located nesting Cooper's hawks in urban and exurban environments by 

surveying, visiting known nest territories, and following reports from interested persons 

(see Chapter I). I made occasional visits to known nest areas from the middle of Januar>' 

through February each year, and began checking urban nests at least once a week in 

March and continued until nestlings fledged. Logistical constraints prevented such 

regular monitoring of exurban nests, but with few exceptions they were checked at least 

once every two weeks. 1 back-dated hatch dates from my estimates of nestling ages at 

the time of banding (see below). Estimates of nestling age were based on Meng (1951) 

and an adaptation of aging methods used for northern goshawks (A- gentilis) (Boal 

1994). The incubation period for Cooper's hawks is typically 34-36 days (Meng and 

Rosenfield 1988), so I estimated clutch im'tiation as 35 days prior to the hatch dates. I 

used one-way analysis of variance tests (ANOVA) (Sokal and Rohlf 1995) to examine 

differences in hatch date among years in each study area, then pooled the years for each 

study area and compared hatch dates with a t-test I used a linear regression to examine 

the relationship between elevation and hatch date among nests in the CSA. I compared 

these results with hatch dates in the TSA, which was at a lower elevation than any of the 

CSA nests. 

HgprodHCtiOT 

I monitored nests in the TSA and CSA to determine the number of nestlings 

produced and the number of those that survived to fledge. 1 used binoculars and 45x 
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spotting scopes to count nestlings during feeding episodes at nests. I climbed nest trees 

only to band nestlings. Many homeowners and land managers were concerned about 

h'abiliQr for any injury to climbers. Many also were reluctant to allow their trees to be 

climbed because of potential damage to the trees. Climbing trees only to band nestlings, 

however, prevented me from determining initial clutch sizes. Therefore, I conservatively 

estimated clutch size for a given nest as the number of nestlings known to have hatched 

plus the number of unhatched eggs found in the nest 

I captured breeding age and fledgling Cooper's hawks with dho and 

bal-chatri traps (Bloom 1987) and nestlings by hand. I banded each hawk with a U.S. 

Fish and Wildlife Service band, and also banded all breeding birds with a colored, 

alphabetically-coded, plastic leg band. The color bands allowed me to identify and 

monitor individuals throughout the stu(fy. I monitored nest areas as long as practical to 

determine mortali^ rates and nesting failure rates. 1 could often locate young hawks in 

nest stands by their "food-begging" vocalizations for up to four weeks following 

fledging. 

Monitoring nestling and fledgling Cooper's hawks was not difficult in the TSA 

until about two weeks post*fledging. I had difficulty in defining time of fledging among 

urban Cooper's hawks, however, because nestlings infected with trichomoniasis, a 

disease caused by the protozoan Trichnmnnfls gallinap often would leave the nest well 

before the normal fledging age. I also was able to document the mortality of many 

fledged hawks within the first two weeks of leaving the nest Thus, rather than 

attempting to quantify fledging success among the TSA nests, I quantified mortality prior 
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to 45 days of age. This is approximately 2 weeks beyond the normal fledging age and is 

within the period during which the fledglings are still dependent on adults for food and 

protection. Such intensive monitoring at nests in the CSA was not logistically possible, 

so I assimied that nestlings in the CSA survived to fledge when they were 80% of their 

first flight age (Steenhof and Kochert 1982). 

I compared clutch and brood sizes among years in each stucfy area with a Kruskal-

Wallis ANOVA on ranks, and Mann-Whitney U-tests (Sokal and Rohlf 1995). I also 

used chi-square contingency tables to examine the proportions of nests in each area that 

attained different stages of the nesting cycle, and Fisher's exact test to examine 

differences between the areas in stage of nesting failure (Sokal and Rohlf 1995). 

Diet 

I assessed the diet of Cooper's hawks in the TSA by recording the prey species I 

observed during prey captures, prey deliveries, and feeding of nestlings. Seldom 

captured prey species, however, may not be identified through direct observations. 

Accipiter hawks will often remove the pelage and plumage from their prey at regularly 

used ''plucking posts'̂  in the nest site (Reynolds and Meslow 1984). Although 

identification of prey remains is inferior to direct observations as a method of diet 

analysis (Bielefeldt et al. 1992), it does allow the identification of seldom captured prey. 

Therefore, I also collected and identified, but did not enumerate, prey remains in the 

TSA to develop a comprehensive prey species list 

Cooper's hawks in the CSA were more secretive near their nests than those in the 

TSA, and obtaining observations of prey deliveries was not feasible within the logistical 
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constraints of this study. Thus, pr^ remains identification was the most practical 

method of diet analysis for the exuiban Cooper's hawks. I collected, identified and 

enumerated the remains of individual prey animals to determine the relative proportions 

of each species in Cooper's hawk diets in the CSA. The difference in techniques 

prevents an analytical examination of diet between the TSA and CSA, but the results can 

still be compared for similarities and differences in diet 



38 

RESULTS 

Nesting Phenolopv 

I identified 51 Coopers hawk territories in the TSA (see Chapter I). The earliest 

I observed nest construction at the onset of the breeding season was 18 January 1996: 

nest building activity was typically fully underway by mid-February. 

I estimated the hatch dates for 76 Cooper's hawk nests in the TSA and for 30 

Cooper's hawk nests in the CSA. These did not represent all nesting attempts for the 

study period, but only those for which I believed I could make reliable estimates. There 

was no difference among years in hatch dates at urban nests (£ = 0.289, P = 0.750) or at 

exurban nests (F = 1.04, £ = 0.367), but clutches hatched significantly earlier among 

urban nests (x = 138.8 ± 12.3 SD; 18 May) than exurban nests (x = 154.9 ± 12.2 SD; 4 

June) (t = 6.07, df = 104, £ < 0.0001). This may be due to elevational differences 

between the TSA (732 m) and the CSA (1046 to 1907 m); there was a positive 

correlation between elevation and hatch dates for the exurban nests K 0.559, P = 

0.0013). However, there also was considerable variation in hatch dates in the TSA: both 

the earliest and latest hatch dates for first clutches occurred in the TSA (earliest = 25 

April; latest = 2 July). 

Reproduction 

The proportion of nesting attempts that reached the incubation stage was similar 

between the TSA and the CSA (Table 2.1). Mean clutch size also was similar among 

years in the TSA (H = 2.73, df = 2, P = 0.256) and in the CSA (H = 0.102, df = I, P = 

0.749). There was not a statistical difference in clutch size between areas when data 
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were pooled across years, but there is a possibility of a biological significance (TSA; n = 

78, X = 3.64 ± 1.06 SD; CSA: n = 25, x = 3.20 ± 1.00 SD; I = 1076.0, P = 0.085). 

However, the percentage of nests which reached the nestling stage and the mean number 

of nestlings produced per nest did not differ between the TSA and CSA (Tables 2.1,2.2). 

Most nesting failures in the CSA occurred during the courtship/laying stage, whereas 

most of the failures in the TSA occurred during the nestling stage (Table 2.3). 

Different criteria for fledging success between the TSA and CSA may have 

resulted in an overestimation of fledging success among exurban nests relative to urban 

nests. The magnitude of the difference between fledging success in the TSA and CSA, 

however, suggested that success was exceptionally low in the urban nests (Table 2.1). 

Mortality of nesdings and early fledglings in the TSA was primarily caused by the 

disease trichomoniasis, and the proportion of mortalities due to the disease was 

consistent among years (x* = 1.82, df = 2, P = 0.4019) (Table 2.4). It was difficult to 

document nestling mortalities in the CSA, and I was able to do so in only five instances. 

Two were caused by falling, two died during banding, and the cause of death of one was 

unknown. Necropsies indicated that the two birds that died during banding suffered from 

a severe systemic bacterial infection. I found no indication that trichomoniasis killed any 

nestling in the CSA. 

Dim 

I observed 121 prey captures and/or deliveries by Cooper's hawks in the TSA ; 

the majority were of Inca doves (43.8%) (Table 2.5). Overall, Columbids accounted for 

82.6% of the prey of Cooper's hawks in urban environments and birds were the most 
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Table 2.1. Total active territories and stages of nesting cycle attained for Cooper's 
hawks in urban (TSA) and exurban (CSA) locations in southeastern Arizona, 1994-1996. 

TSA CSA 
Nesting stage n % n % pa 

Active territories 112 44 

Nests in which eggs where laid 104 (92.8) 40 (90.0) 0.9386 

Nests in which eggs where hatched 94 (83.9) 37 (84.1) 0.8277 

Nests fledging ^ one young*" 53 (47.3) 35 (79.5) 0.0005 

' Chi-square tests for independence between areas. 
** TSA = nests known to have young survive 2 weeks post fledging; CSA = nests with young reaching at 
least 80% of first flight age. 

represented Class (96.7%) (Table 2.5). Several species identified among prey remains in 

the TSA were not observed as prey captures/deliveries (Appendix A), probably due to an 

infrequent occurrence in the diet of urban Cooper's hawks. 

Among the 77 individual prey animals identified from remains at CSA nests, 

Columbids accounted for only 10.1% (Table 2.6). Quail, (Colinus virginianus. 

Callipepla gambelii. and Cvrtonvx monteziimae) (n = 14) and cottontail rabbits 

(Svlvilagus spp.) (n == 10) were the most frequently used prey at 17.7 and 12.7%, 

respectively (Table 2.6). Prey remains also indicated that Cooper's hawks in the CSA 

use a more diverse array of prey species than the Cooper's hawks in the TSA (Appendix 

A), but this is at least partially due to the dispersion of CSA nests across southeast 

Arizona. 
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Table 2.2. Productivity at Cooper's hawk nests in urban (TSA) and exurban (CSA) 
locations in southeastern Arizona, 1994-1996. 

Area & Active Nests Total Mean nestlings Mean nestlings 
year territories hatching nestlings /nest ± SD'' /nest (pooled) 

young® i SD" 

TSA1994 23 20 69 3.45 i 0.83 

TSA 1995 43 32 88 2.75 ± 1.27 3.11 ± 1.14 

TSA 1996 46 39 126 3.23 ± 1.11 

CSA 1994 11 9 17 2.11 ±0.93 

CSA 1995 15 11 32 2.91 ± 1.30 2.78 ± 1.06 

CSA 1996 20 17 52 3.06 ± 0.83 

' This number represents only those nests where nestlings could be counted. Seven nests lost nestlings 
before [ could count them (3 in the TSA in 1994, 2 in the TSA in 1995. 1 in the TSA in 1996. and 1 in the 
CSA in 1994). 
'' There were no difierences in mean number of nestling produced per nest among years in the TSA (H = 
4.75. df = 2, E = 0.093). or CSA (g = 4.26, df = 2, E = 0.119). 
' There was no significant difference between the TSA and CSA; I = 2108.5, P = 0.145. 



42 

Table 2.3. Stage of nesting failure at Cooper's hawk nests in urban (TSA) and exurban 
(CSA) locations in southeastern Arizona, 1994-1996. 

TSA ' CSA 

Nesting Stage Q 
% of all 

nests 
% of all 
failures n 

% of all 
nests 

% of all 
failures 

Courtship/Laying 8 7.1 13.5 4 9.1 44.4 0.0448 

Incubation 10 8.9 16.9 3 6.8 33.3 0.3580 

Nestling 41 36.6 69.5 2 4.6 22.2 0.0098 

Total 59 52.6 99.9 9 20.5 99.9 

' Fisher's exact test was used to test for dMerences between areas in proportions of nests filing at each 
stage. 
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Table 2.4. Causes of nestling/'fledgling mortality at urban Cooper's hawk nests in 
Tucson, Arizona, 1994-1996. 

Cause of 1994 1995 1996 Total 
Mortality n % n % n % n % 

Trichomoniasis 25 (78.1) 43 (75.4) 47 (85.4) 115(79.9) 

Falhng 4(12.5) I (1.8) 4 (7.3) 9 (6.2) 

Unknown 0 6 (10.5) 2 (3.6) 8 (5.5) 

Collision 2 (6.3) 2 (3.5) 1 (1-8) 5 (3.5) 

Predation 1 (3.1) 3 (5.2) 0 4 (2.8) 

Electrocution 0 1 (1.8) 0 1 (0.7) 

Falconry" 0 0 1 (1.8) 1 (0.7) 

Lead poisoning 0 1 (1-8) 0 1 (0-7) 

Total 32 (100) 57 (100) 55 (99.9) 144 (100) 

' Falconry functionaiiy removes individuals from the popuiadon. 
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Table 2.5. Uifoan Cooper's Hawk pr^ species as determined from observations of prey 
captures and deliveries to nests, Tucson, Arizona, 1995-1996. Unidentified prey (n = 45) 
not included. 

Birds 
Mourning Dove Zenaida macroura 34 28.1 
IncaDove Columbina inca 53 43.8 
unknown E)ove Columbidae 14 11.6 
Gila Woodpecker Melanerpes uropvgialis 2 1.7 
Cactus Wren Campvlorfavnchus bnmneicapillus 1 0.8 
Northern Mockingbird Mimus polvglottos 1 0.8 
Curve-billed Thrasher Toxostoma curvirostre 1 0.8 
Phainopepla Phainopepla nitens I 0.8 
European Starling Stum us vulgaris 3 2.5 
House Sparrow Passer domesticus 5 4.1 
House Finch Carpodacus mexicanus 2 1.7 

Mammalg 
Antelope Ground Squirrel Ammospermophilus leucurus 3 2.5 
Round-tailed Ground Squirrel Spermophilus tereticaudus 1 0.8 

Total individuals identified as to genus 121 100.0 
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Table 2.6. Exurban Cooper's Hawk prey species as determined from prey remains 
collected at nests during the breeding seasons of 1995>1996. 

Crayfish 

Prey Spggigs 

tnvgrtgbratgs 

n % total 

Astacura 

Rgptilgs 
Lesser Earless lizard 
Spiny lizard 

Birds 
American Kestrel 
Northern Bobwhite 
Montezuma Quail 
Gambel's Quail 
Mourning Dove 
White-wmged Dove 
Western Screech-owl 
Lesser Ni^thawk 
Gila Woodpecker 
Northern Flicker 
Ladder-backed Woodpecker 
Kingbird spp. 
Brown-crested Flycatcher 
Gray-breasted Jay 
Cactus Wren 
Ruby-crowned Kinglet 
Loggerhead Shrike 
Nonhem Mockingbird 
Phainopepla 
Europe^ Starling 
Yellow-breasted Chat 
Black-headed Grosbeak 
N. Cardinal/Pyrrhuloxia 
Green-tailed Towhee 
Canyon Towhee 
Scott's Oriole 
Bullock's Oriole 
unknown Oriole 
Western Tanager 
unknown Tanager 

White-footed 
Cottontail Rabbit 

fflaculata 

Faico 

spp. 

spa^ep^ 
Colinus virpnianus 
QyBgnyxmgntezp 

Ifl gamhftlii 

asiatii^ 

lorflgiigs acunpgnnig 
ilanerpesiffDnvgiaiis 

UlDusspp. 

CamDvlorl 
t»u 
wnc 

tainadoa 
lus brunneicaoillus 
ula 

yync 
pgLVglQttgS 

ainopeplanitens 

yirens 
Pheuptic^is melanocephalus 

spp. 

[fitsoisca 
ICtfiDlS 
Icterus spp. 
Piranga ludoviciana 

spp. 

ima albigula 

1 
4 

9 
T 
1 

12 
7 
1 
I 
1 
-> 

T 
3 
1 
1 
I 
5 
1 
1 
2 
1 
2 
J 
7 
T 
I 
3 
1 
1 
1 
1 
1 

^miasusspp. 
1 

m 

I .J 

L3 
5.2 

2.5 
1.3 
1.3 

15.1 
8.8 
1.3 
1.3 
1.3 
2.5 
1.3 
3.8 
1.3 
1.3 
1.3 
6.3 
1.3 
1.3 
2.5 
1.3 
2.5 
3.8 
2.5 
1.3 
1.3 
3.8 
1.3 
1.3 
1.3 
1.3 
1.3 

1.3 
12A 

Totals 79 100.5 



46 

DISCUSSION 

Cooper's hawks are thought to be solitary outside of the breeding season (Snyder 

and Snyder 1991, Rosenfield and Bielefeldt 1993). Lack of pair maintenance during 

non-breeding periods may be due to the migratory nature of northern birds, but the 

difficulty of observing the species in exurban areas makes conclusions about winter 

behavior of southern birds tenuous. In Tucson, I regularly observed color-banded pairs 

of Cooper's hawks on their territories throughout the year, sometimes perching in close 

proximity to each other. Pairs of Cooper's hawks also displayed pair bond behavior (e.g., 

courtship flight, nest building) during the non-breeding season, indicating that some of 

the hawks maintain pair-bonds throughout the year. 

Little information is available about the length of the courtship period of 

Cooper's hawks. Nest building usually starts by mid- to late March and eggs are laid 

from late April to early May in New York (Meng 1951) and Wisconsin (Rosenfield et al. 

1991), suggesting a courtship/nest building period of approximately 1.5 months. 

Cooper's hawks in the TSA typically had a courtship/incubation period of almost a 

month longer, but the initiation of clutches was only about two weeks earlier. The 

extended courtship period in Tucson can perhaps be explained by the hawks being 

present on their territories year round. Territory occupancy may lead to earlier courtship, 

but environmental cues, such as the circadian rhythm, may dictate when the onset of 

breeding occurs. 

I regularly observed male Cooper's hawks bringing prey to the nest area, cache it 

when the brooding female would not take it, and then begin hunting again. Also, I 
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frequently found whole and decapitated prey that had fallen from tree caches. These 

observations suggest that Cooper's hawks have an abundant supply of prey in Tucson. 

Breeding hawks in Tucson should, therefore, be in good condition which could explain 

the trend toward larger clutch sizes. 

Conditions and features of the urban environment probably were responsible for 

the differences I found between reproductive success of Cooper's hawks in the TSA and 

CSA. Exurban Coopers hawks were more likely to fail during the courtship/pre-laying 

and incubation stages than urban Cooper's hawks. Relative stability of resources, such 

as food and water, in the urban environment (see Chapter I) may have promoted success 

of urban nesting hawks early in the nesting cycle. Urban nesting hawks, however, were 

much less successful than exurban hawks during the nestling/fledgling stage, primarily 

due to trichomoniasis. Disease generally is a minor cause of death among nestling 

raptors (Newton 1993); the rate of nestling mortality I observed is exceptional and 

appears to be related to the urban environment. 

The number of individual birds tends to be greater in urbanized areas than in 

natural areas (Emlen 1974, Beissinger and Osborne 1982). In Tucson, Germaine (1995) 

found that mounung doves and Inca doves were the second and fourth most abundant 

bird species present, and that their numbers were positively correlated with increasing 

housing density and with areas of exotic vegetation. Inca doves, generally considered as 

urban obligates, also were strongly correlated with apartment complexes and businesses 

(Germaine 1995). Doves were not a significant part of the diet of exurban Cooper's 

hawks in this study, nor have they been reported to figure largely in the diets of Cooper's 
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hawks in other studies (Rosenfield and Bieiefeldt 1993). However, mourning and Inca 

doves were the pnmary prey of Cooper's hawks in the TSA. Additionally, mourning and 

Inca doves in Tucson carry trichomoniasis at rates of 16 and-52%, respectively (C. 

Hedlund, pers. comm.). It appears that Coopers hawk nestlings in Tucson contract, and 

often die of, trichomoniasis by consuming infected doves. 
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CHAPTER in 

AGE AND LOCATION SPECIFIC INFECTION RATES OF TRICHOMONAS 

GALLINAE AMONG COOPER'S HAWKS 

INTRODUCTION 

Trichomoniasis is an avian disease caused by tiie parasitic protozoan. 

Trichomonas gallinae Hosts of X- galhnae are members of the family Columbidae 

(Stabler 1951, Locke and James 1962). Stabler (1954) speculated that X- gallinae was 

introduced to North America in the early 1600*s when rock doves rColumba livia) were 

imported from France to Nova Scotia. Among Columbids, the disease has been 

identified in mourning doves (Zenaida macroural. band-tailed pigeons (£. fasciata). 

white-winged doves (Z^ asiatifia), and Inca doves (Columbina inca^ (Haugen 1952, Sileo 

and Fitzhugh 1969, Greiner and Baxter 1974, C. Hedlund, pers. comm.). Hagen (1952) 

and Stabler (1954) speculated that trichomoniasis also may have been a contributing 

factor in the demise of the passenger pigeon (Ectopistes migratoriusl. 

Many species of predatory birds in North America (Stensrude 1965, Stabler 1969, 

Stone and Janes 1969, Stone and Nye 1981, Pokras et al. 1993), Europe (Cooper and 

Petty 1988), and Africa (Pepler and Oettle 1993) are known to contract the disease by 

ingesting infected pr^. Indeed, trichomom'asis has been known as "frounce'" for 

centuries among falconers who often fed pigeons to falconry birds (Frederick n 1250, 

Bert 1619). Despite an historic awareness of trichomom'asis, it is still a poorly 

understood disease. 

Four species of Columbids regularly breed in Tucson, Arizona. Of these, Inca 
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and mourning doves are among the four most numerous avian species overall (Germain 

1995). Hedlund (pers. comnL) found that 52% of the Inca doves, 16% of the mourning 

doves, and 98% of the white-winged doves in Tucson carried the protozoan. 

During a study of urban nesting Cooper's hawks (Accipiter cooperii^ in Tucson, 

Arizona, I found that Columbids, especially the Inca dove and mourning dove, accounted 

for 83% of the hawks' diet (see Chapter H). Thus, Cooper's hawks in Tucson have a 

high probability of encountering the disease through their prey. I assessed the incidence 

and effects of trichomoniasis among Cooper's hawks in southeast Arizona on basis of 

age (breeding and nestling) and nesting location (urban and exurban) during the breeding 

seasons of 1994-96. 
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STUDY AREA AND METHODS 

I conducted the stucfy^ in two areas. The first was the greater Tucson metropolitan 

area, inciudingthe cities of Tucson, South Tucson, Oro Valley, and the unincorporated 

urbanized areas surrounding them (32° N, 111° W) (Fig. 3.1). This area was designated 

as the Tucson Study Area (TSA) and encompassed approximately 70,000 ha and 

supported an estimated human population of692,400 residents. Tucson is located in the 

Sonoran Desert which contains lower and upper Sonoran vegetation Qrpes and riparian 

corridors (Brown et al. 1979). Although remnants of these vegetative communities are 

still found within Tucson, much of the natural vegetation has been removed or replaced 

with exotic species. Elevation in the TSA is approximately 732 m. 

The second stu(fy area is in reality an aggregation of different exurban locations 

throughout southeast Arizona, including Aravaipa Creek, Arivaca Creek, the Chiricahua 

Mountains, Cienega Creek, Harshaw Creek, and the San Pedro River (Fig. 3.1). I 

designated these areas as the Control Study Area (CSA). Vegetation in these areas 

ranged from riparian corridors of broadleaf gallery forests with adjacent mesquite 

fProsopis spp.) uplands, to oak rOuercus spp.) savannahs and oak-pine fPinus spp.) 

woodlands. The areas in the CSA ranged &om approximately 1046 to 1907 m in 

elevation, and are representative of the habitats used by Cooper's hawks outside of the 

urban environment 

Not all Cooper's hawks exposed to X- develop and succumb to 

trichomoniasis. The exposure to pathogens and subsequent survival is an important 

method through which immunities may be acquired. Therefore, I evaluated the impact of 
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Figure 3.1. Tucson, Arizona (o) and the exurban locations constituting 
the Control Study Area (•). 
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X- gallinae on urban and exurban Cooper's hawks at two levels; infection rates and 

mortality rates. 

During the breeding seasons of 1995 and 1996,1 clinically determined the 

infection rates of X gallinae among breeding and nestling Cooper's hawks with Biomed 

Diagnostics InPouch™ TF Tritrichomonas foetus test kits. This test kit, originally 

designed to test for Tritrichomonas foetus, a bovine venereal disease caused by a 

protozoan related to T.gallinae. has been demonstrated to be an effective in vitro method 

of diagnosis of I. gallinae (Cover et al. 1994). 

The testing procedure consisted of collecting a mucous sample from the throat 

and crop of a hawk with a sterile swab, then culturing the sample in the InPouch^TF 

medium for 24 hours. I then used a light microscope at lOx to examine each sample for 

the presence of X- gallinae protozoans. During trial runs of 7 days, trichomonads were 

always detected withing 72 hours (K. S. Hudelson, pers. comm.). Thus, if trichomonads 

were not detected during the initial examination, I made subsequent examinations every 

24 hours for up to three days. If no trichomonads were detected by the third microscopic 

examination (72 hours post sample collection), I considered the sample fi^ of J. 

gallinae. 

1 estimated mortality rates due to trichomom'asis by diagnosing all nestling, 

juvenile and adult Cooper's hawk mortalities with field examinations and clinical 

analysis. Trichomoniasis often causes symptomatic lesions in the oral cavity and other 

associated symptoms that are easily identified by experienced field investigators. Other 

mortality factors such as window strikes and electrocutions are identifiable by gross 
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examination and location of kilL Birds for which the cause of mortality could not be 

readily discerned were necropsied and evaluated by Dr. K.S. Hudelson (DVM). When 

necessary, analysis of tissue samples were conducted by the -University of Arizona 

Veterinary Diagnostic Laboratory. 

I tested for differences in incidence of X gallinae infections and rates of mortality 

caused by trichomom'asis between nestlings and breeding Cooper's hawks in the TSA 

and CSA. I used chi-square or Fishers's exact tests for all compansons. All statistical 

analyses were conducted with the Sigma-Stat statistical software package. 
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RESULTS 

I clinically tested 312 breeding and nestling Cooper's hawks from the TSA and 

CSA for infection of I. gallinae (Table 3.1). There were no between-year differences in 

infection rates for nestlings in the TSA (x^ = 6.8, df = 1, £ = 0.1947) or CSA (Fisher's 

exact test, £ = 0.217), so data from both years were combined for analysis and 

comparisons between areas. The infection rate of X- gallinae was significantly greater 

among nestlings in the TSA (85%) than in the CSA (9%) (x^ = 112.1, df = I, P < 0.0001), 

but there was no difference in the infection rates between breeding Cooper's hawks in 

the TSA and CSA (Fisher's exact test, £ = 1.000) (Table 3.1). Only one of 89 breeding 

Cooper's hawks, a second year female in the TSA, tested positive for infection. Thus, it 

was not surprising that there was a significant difference in the infection rates between 

breeding hawks and nestlings in the TSA (x^ = 143.8, df = 1, £ < 0.0001) (Table 3.1). 

There was no difference in infection rates between breeding age and nestling hawks in 

the CSA (Fisher's exact test, £ = 0.584) (Table 3.1). The high incidence of X- gallinae 

among urban nestlings prompted me to investigate a possible difference in infection rates 

between the sexes; there was none (x^ = 0.246, df = 1, £ = 0.62). Almost all urban nests 

had at least 1 infected nestling, but few exurban nests had infected nestlings (Table 3.1). 

1 documented the mortalities of 144 (50.9%) of the nestlings produced in the 

TSA. The proportions of those mortalities due to trichomom'asis (75 - 83%) remained 

constant among years (x^ = 1.82, df = 2, £ = 0.402) (Table 3.2). It was difScult to 

document Cooper's hawk mortalities in the CSA, and I was only able to do so for five 

nestlings; none were due to trichomoniasis. 
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Table 3.1. Incidence ofTrichomonas gallinae among Cooper's hawks at urban (TSA) 
and exurban (CSA) nests on basis of breeding hawks, nestlings, and nests, 1995-1996. 

TSA CSA 

Positive Negative Positive Negative P 

Adults 1 72 0 14 ns 

Nestlings 130 23 6 60 < 0.0001 

Nests 50 1 3 20 <0.0001 

Table 3.2. Nestling Cooper's hawks produced (N), conftrmed mortalities (N J, and 
number of those mortalities due to Trichomonis gaUififlt* infprtinn<; (NJ, Tucson, 
Arizona, 1994,1995,1996.* 

Year N N„(%) N,(%) 

1994 69 32(46.3) 25(78.1) 

1995 88 57(64.7) 43(75.4) 

1996 126 52(41.3) 43(82.7) 

* Mortality rate difiovd among years (£ = 
not (£ = 0.663). 

0.003) but propoftions of mortalities due to trichomoniasis did 
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DISCUSSION 

Though the abundance of Columbid prey in Tucson may be attractive to Cooper's 

hawks, it has a profoundly negative affect on nesting success and nestling survival 

because of trichomoniasis. Based on location specific rates of exposure to X- e^Hinae 

and actual mortalities due to the disease, tnchomom'asis appears to be clearly associated 

with the urban environment This is most likely due to the presence of high numbers of 

doves used as prey by Cooper's hawks in the urban environment Cooper's hawks 

probably encounter the disease at a lower rate in the CSA because mourning doves nest 

in lower numbers and Inca doves are absent Additionally, the infection rate of mourning 

doves in exurban areas is unknown. If infection rates are low, the probability of 

Cooper's hawks encountering X- gallfnae is even further decreased. 

The patterns of infection I found are not easy to explain, and the lack of 

information on raptor physiology and immunology further complicates the issue. For 

example, I do not know why ahnost 85% of the nestling Cooper's hawk in the TSA 

tested positive for the protozoan, yet only one breeding bird tested positive. All the 

Cooper's hawks, regardless of age, were eating the same prey, so exposure should have 

been equal among them. Nestlings of many species of birds go through periods of 

immunodeficiency (K.S. Hudelson, pers. comm.), and if Cooper's hawks follow this 

pattern, it may partially explain why the protozoans could persist in the crops of nestlings 

but not adults. Other environmental stressors, such as sibling competition, may promote 

the onset of the disease. 

Adult hawks in Tucson undoubtedly ingest trichomonads when consuming their 
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prey, yet something prevents the protozoans from persisting in their crops even for short 

periods. The absence of the protozoans in adult Cooper's hawks may be related to a ph 

level in the crops of adult birds that trichomonads cannot tolerate (K.S. Hudeison, pers. 

comm.). Likewise, once a Cooper's hawk has been exposed to, and survived, T. gallinae, 

it may acquire an immunity that kills the protozoans as soon as they enter the body. 

I suspect the level of J. gallinae infection among doves in Tucson cannot be 

easily affected. The reproductive and social interactions of doves will probably maintain 

T. gallinae within their populations. It is irom'c that doves are likely a primary reason 

why Cooper's hawks breed in Tucson, but also are the reason that many nestlings die. 
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CHAPTER IV 

THE URBAN ENVIRONMENT AS AN ECOLOGICAL TRAP 

FOR COOPER'S HAWKS 

INTRODUCTION 

An area is considered a source habitat for a given population if the birth rate is 

greater than the death rate and the rate of emigration is greater than the rate of 

immigration (Pulliam 1988). In contrast, a population sink is an area where the mortality 

and immigration rates are greater than the birth and emigration rates (Pulliam 1988). 

Anthropogenic land alterations, such as woodland fragmentation, can result in population 

sinks (Temple and Carey 1988, Pomeluzi etal. 1993). Sinks in human-altered 

landscapes have been termed '̂ ecological traps" (Gates and Gysel 1978) because animals 

are attracted to them but suffer from exceptionally low reproductive success or high rates 

of mortali^ once they are there. An ecological trap, therefore, must provide the 

environmental cues that suggest suitable habitat so that animals encountering the area are 

triggered to settle. The "trap" component is some feature (e.g, high voltage wires), event 

(e.g., cereal grain harvesting), or effect (e.g., disease) associated with the human altered 

landscape with which the species cannot cope. 

Urbanization usually results in a loss of native species, but some species habituate 

to urbanized areas and even appear to flounsh based on estimates of abundance (Emlen 

1974, Beissinger and Osborne 1982, Mills et al. 1989). Abundance alone, however, can 

give misleading impressions of habitat quality (Van Home 1983, Vickery et al. 1992), 

especially if the area is an ecological trap. For example, Marzluff and Balda (1992) 
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studied an urban population of pinyon jays rGvmnorhinus cvanocephalus) that appeared 

numerically stable, but was actually a sink population perpetuated by immigrants. 

To assess an area as a population source or sink for a species, the demographics 

(e.g., fecundity, survival rates) of the population must be examined. Reproductive 

success for many species is measured without significant difiSculty. Estimating survival 

rates, however, is more problematic because dead animals are difficult to locate under 

field conditions and time and cause of death are often unknown. Further, the probability 

of mortality may vary with sex, age, and environmental factors (Lebreton et al. 1992). 

Even when study animals are uniquely marked, estimates of survival have a degree of 

uncertainty because the absence of marked individuals does not necessarily mean they 

died. Recent advances (see Lebreton et al. 1992) in Cormack-JoUy-Seber (CJS) capture-

recapture methodology (Cormack 1964, Jolly 1965, Seber 1965) have lead to survival 

modeling that can account for many of the major components of variation in survival 

data. 

From 1994 to 1997,1 studied a population of urban nesting Cooper's hawks 

(Accipiter cooperii) in Tucson, Arizona. The urban nesting Cooper's hawks experience 

high rates of nestling mortality due to trichomoniasis, a disease caused by the protozoan 

flagellate Trichomonas gallinae (Chapter 11). Among Cooper's hawks, the disease 

appears to be associated with the urban environment (Chapter QI). I used measures 

of fecundity and estimates of survival based on (TJS methodology to determine if the 

Cooper's hawk population was self sustaim'ng or, alternatively, if features of the urban 

environment (e.g., disease) have created an anthropogem'c ecological trap for the species. 
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STUDY AREA AND METHODS 

I studied Cooper's hawks breeding in the greater Tucson metropolitan area (32° 

N, 11 r W) in southeastern Arizona, 1994-1997. The area encompasses approximately 

70,000 ha with an estimated human population of692,400 residents (Fig. 4.1). Tucson is 

located in the Sonoran Desert which contains lower and upper Sonoran vegetation types 

and riparian corridors (Brown et al. 1979). Although remnants of these vegetative 

communities are still found within Tucson, much of the natural vegetation has been 

removed or replaced with exotic species. 

Maridnp Birds 

1 classified Cooper's hawks in this study into three age-classes; juvem'Ie, subadult, 

and adult. Juveniles were birds in their first year of life, encompassing the period from 

fledging to the beginning of the following breeding season. All birds in this age-class 

were in the juvenile plumage as described by Palmer (1988). All juveniles reported in 

this study were banded as nestlings or fledglings. Subadults were birds between 1 and 2 

years old. Breeding subadults were easily identified because they were in the juvenile 

plumage or in the process of molting into the adult plumage (Palmer 1988). Adults were 

birds ^ 2 years old and were aged by their adult plumage (Palmer 1988). Aging Cooper's 

hawks is facilitated by a change in the color of the iris fiom blue-gray in young juveniles 

to yellow in older juveniles and subadults, and to orange and progressively darker shades 

of red among adults (Rosenfield and Bielefeldt 1993). Cooper's hawks exhibit 

pronounced reversed sexual size dimorphism (Snyder and Wiley 1976) which enabled 

the visual determination of the sex of individuals independent of age. 
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0 

Arizona Tucson Study Area 

Figure 4.1 : Tucson, Arizona (right) and the Tucson Study Area (left). 
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During the breeding seasons of 1994 to 1997,1 surveyed the study area and 

banded breeding Cooper's hawks with a USFWS band and a colored plastic band with an 

alphabetic code. I banded juveniles with a USFWS band. If juveniles were encountered 

in subsequent years, I recaptured and color-banded them. Color-banded birds were 

visually relocated during surveys in the years subsequent to initial banding. 

Fecunditv 

An important component of population analysis is determining fecundity. In 

similar demographical studies (Forsman et al. 1996), fecundity was defined as the 

number of female fledglings produced per territorial female (Franklin et al. 1996). I 

considered this measure as the realized fecundity. In this study, however, I was 

concerned with not only the realized fecundity, but also with the potential fecundity. 

Trichomoniasis is an avian disease that kills about 41% of the nestling Cooper's hawks 

in the study area, but was not a mortality factor in exurban areas (Chapters 11 and III). I 

was interested in the influence trichomom'asis may have on the demography of the urban 

population. Thus, I defined potential fecundity as all the female nestlings that 

successfully fledged plus those female nestlings known to have died from trichomoniasis. 

Assuming a 1:1 nestling sex ratio (Rosenfield and Bielefeldt 1993), I estimated the 

potential and realized fecundities by dividing the means and standard errors for 

fledglings and for fledglings plus disease mortalities by two (Goodman 1960). I 

calculated potential and realized fecundities for both adult and subadult female Cooper's 

hawks. Estimates of reproductive output were determined as described in Chapter II. 
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SHTvjval Mgdgls 

I used CJS methodology to estimate survival of Cooper's hawks in the study area 

from 1994 to 1997. CJS models assume there is no differences in survival rates and 

recapture probabilities among cohorts or in future fates among individuals. I used 

program RELEASE (Bumham et al. 1987) to evaluate the fit of my data to these 

assumptions. RELEASE uses goodness-of-fit tests to evaluate differences in survival and 

recapture rates among cohorts (groups captured and released on different occasions; 

TEST 2) and among subcohorts (groups with different capture histories; TEST 3). 

I used program SURGE (Lebreton et al. 1992) to estimate survival with models 

based on the CJS open population model {<f>, p}, in which (j> = survival and p = recapture 

probability. I constructed models for two different data sets. For the first data set I 

pooled adults and subadults that were territory holders because there were too few 

subadults to be modeled as an individual age-class. I examined 24 models for this data 

set in which <j> and p were assumed to vary between the sexes (subscript s), among years 

(subscript 1), and among interactions between sex and time (subscript sfl). The second 

data set consisted of 2 age groups: juveniles and birds ^ 1 year old (i.e., adults and 

subadults). I examined 16 models for this data set in which <)> and p were assumed to 

vary between ages (subscnpt g), among years (subscript {), and among interactions 

between time and age (subscript a*t). 

Population Growth Rate 

Lambda (A.) is the annual rate of population change and indicates both the 

direction and magnitude of change (McDonald and Caswell 1993). A A, of 1 indicates 
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that a population is stable, but A.'s >1 and <1 indicate increasing and decreasing 

populations, respectively. The magnitude of change (A. - I) is greater the farther X is 

from zero. Calculations of X are based on the matrix theory of Leslie (1945, 1948). in 

which k is the dominant eigenvalue of through matrix eigenanlysis (Franklin et al. 1996). 

I estimated both the potential and realized rates of population change from my 

age-specific estimates of survival and fecundity. I included only territorial females as the 

population for which to make inferences. Floater females (non-territorial non-breeding 

unpaired individuals) are present in the urban Cooper's hawk population, but are difficult 

to detect and their influence on the population is unknown. Additionally, because the 

estimate of survival for juveniles is subject to bias, I estimated what juvenile survival 

would need to be for the population to be stable, assuming adult and subadult survival 

and age-specific fecundity were static. 
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RESULTS 

Birds Marked 

From March 1994 to Match 1997,1 banded 75 adult,-18 subadults, and 182 

juvenile Cooper's hawks (Table 4.1). These represent the breeding hawks from all but 

two of the known urban nests, and all the nestlings surviving to a bandable age at all 

known urban nests. Ten juveniles were recaptured in subsequent years and color-banded. 

Potential fecundity did not vary among years for adult (H = 4.66, df = 2, £ = 

0.097) or subadult (H = 3.73, df = 2, £ = 0.155) Cooper's hawks. Mean potential 

fecundity was 1.24 (SE = 0.084) for adults and 0.75 (SE = 0.141) for subadults. Potential 

fecundity was significantly greater for adults than subadults (I = 687.0, £ = 0.013). The 

realized fecundity varied among years for adult Cooper's hawks (H = 6.59, df = 2, £ = 

0.037; low = 0.425, high = 0.925) but not among subadults (H = 2.64, df = 2, £ = 0.267). 

Mean realized fecundity was 0.71 (SE = 0.081) for adults and 0.18 (SE = 0.078) for 

subadults. Realized fecundity was significantly greater for adults than subadults (X = 

745.5, £ = 0.013). 

Survival Estimation 

I combined subadult and adult Cooper's hawks for goodness-of-fit tests. The 

capture histories of this grouping indicated that the data met the assumptions underlying 

capture-recapture models (Table 4.2). Further, results of TEST 1 in program RELEASE 

indicated there was no difference in survival or recapture rates of male and female 

Cooper's hawks (x^ = 1.429, df = 5, £ = 0.921). Although recapture rates were high for 
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Table 4.1. Numbers of Coopers hawks banded in Tucson, Arizona, March 1994 - March 
1997". 

Adult Adult Subadult Subadult 
Year females males females males Juveniles 

1994 13 12 2 0 35 

1995 17 15 7 4 56 

1996 7 8 2 1 91 

1997 1 2 2 0 0 

Total 38 37 13 5 182 

' Data for 1997 only includes Cooper's hawks banded before March 31. 

Table 4.2. Results of goodness-of-fit tests'̂  conducted on capture-recapture data firom 
adult and subadult Cooper's hawks in Tucson, Arizona, March 1994 - March 1997. 

TEST 2 + 3 TEST 2 TEST 3 

Sex X' E EE 

Females 0.000 4 1.000 1.000 1.000 

Males 1.176 2 0.555 1.000 0.555 

* Goodness-of-fit test conducted with prc^ram RELEASE (Burnham et ai. 1987). 
" TEST 2 tests whether different cohorts have different fiiture &tes. TEST 3 tests whether previously 
released individuals have the same fiiture fates as newly released individuals (Bumham et al. 1987). 
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Coopers hawks ^ I year old, the recapture rate for juveniles was so low that meaningful 

goodness-of-fit tests could not be conducted (Table 4.3). I still used the juvenile data 

for age-specific model testing in program SURGE, but I had to assume that estimates of 

survival and recapture would not be greatly affected by some lack of fit. 

The most parsimonious model for Coopers hawks > 1 year old {(j), p| estimated 

annual survival at 0.792 (SE = 0.357) with a recapture probability of0.947 (SE = 0.292). 

The other competitive models provided simUar estimates of survival (Table 4.4). The 

most parsimonious age-specific model {<|>„ p..,} estimated juvenile survival at 0.199 (SE 

= 0.647) with a recapture probability of 0.176 (SE = 0.270) (Table 4.4). 

Population Growth Rate 

The most parsimonious age-class model for juveniles, though subject to bias, 

provided the most optimistic and best available estimate of juvenile survival. I used the 

estimated survival from the most parsimonious model for adults and subadults. Based on 

the estimates of age-specific survival and the empirical estimates of age-specific 

fecundity, the estimated rate of potential population change was X = 1.02, whereas the 

estimated rate of realized population change was X = 0.92. Given the realized fecundity 

of the population, the annual juvenile survival would have to be 29% for the population 

to be stable at A, = 1.00 
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Table 4.3. Mark-recapture data displayed in M-array format for female (adult and 
subadult), male (adult and subadult) and nestling Cooper's hawks in Tucson, Arizona, 
March 1994 - March 1997. £, is the number of animals marked and released on the ith 
occasioo, is the number of animals marked and released on occasion I which were 
recaptured on occasion j, and r^ is the total number of animals marked and released on 
occasion I which were later recaptured (= SMu) (Bumham et al. 1987). 

niij fori = 

Group I & 2 3 4 

Adult and subadult females 1 15 9 1 0 10 
2 33 24 1 25 
3 34 24 24 

Adult and subadult males I 12 7 1 0 8 
2 26 21 0 21 
3 31 26 26 

Nestlings (both sexes) I 35 3 3 0 6 
2 59 1 3 4 
3 95 5 5 
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Table 4.4. Capture-recapture models that best fit the data for Coopers hawks in Tucson. 
Arizona, 1994-1997 (<|) = the survival rate, p = the recapture rate). The first set of 
models is only for Cooper's hawks ^ I year old. The two age class models include birds 
^ lyear old and juveniles. 

Model K Deviance AIC" <()'' (f)" 

^ I year old models. 

(4>,P} 2 184.352 188.352 0.792 
{4>, P,} 3 183.307 189.307 0.797 
l<t>, Pt) 4 181.550 189.550 0.776 
{<!>„ p} 3 183.553 189.553 0.763 $ 

0.824 d-
{4>„ p.} 5 180.545 190.545 0.745 $ 

0.813 d" 

ige models 

{4>., P.^} 8 260.141 276.141 0.766 0.199 
(4>„ P.} 4 268.586 276.586 0.782 0.177 

Pat) 10 257.796 277.796 0.797^ 0.179^ 
P.} 8 263.276 279.276 0.774'' 0.158" 

{<!>.•.. Pt) 8 280.271 296.271 0.787' 0.129" 

' Akaike's Infonnation Criterion 
survival estimates for  ̂year old Cooper's hawks 

' survival estimates for juveniles 
** averaged over 3 years 
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DISCUSSION 

Bias in the estimates of fecundity or survival can bias estimates of population 

change. My estimates of fecundity are as bias free as possible. The accuracy of the 

survival estimates are limited by the length of this study. The survival estimate for adults 

and subadults is probably accurate due to the high recapture probabilities. The primary 

limitation in my calculation of k is in the estimate of juvenile survival. Some juveniles 

may survive and be present in the population as floaters — birds that are not territory 

holders but "float" throughout an area looking/waiting for a territory to become 

available. As floaters, they usually will go undetected until they enter the breeding 

population. Only more recapture occasions can adequately address this potential source 

of bias. 

The inability to assess emigration of birds also could result in underestimation of 

survival. Emigration from the study area does occur, 1 relocated one juvenile as a 

subadult outside the study area. However, it appears that emigration by territory holders 

is unlikely. In the few instances (n = 8) in which territorial urban Cooper's hawks left a 

territory (either divorced or widowed) and were relocated, all were in the study area and 

within 6.4 km of the original territory. 

Recognizing these limitations, my estimates of fecundity and survival indicate 

that the urban population is a sink, with an annual decline of 8% during this study. 

Given static rates of annual survival and fecundity for adult and subadult Cooper's 

hawks, first year survival of juveniles would have to be 29% for the population to be 

stable. This is greater than the reported 17 - 22.5% first year survival estimates for 



Cooper's hawks (Brown and Amadon 1968, Henny and Wight 1972), but the abundant 

resources (e.g., pt^, water) in Tucson may be influential in increasing juvenile Cooper s 

hawk survival. 

The urban environment, however, may present mortality factors not encountered 

by juvem'les under normal conditions. For example, I found that 41% of young Cooper's 

hawks succumbed to trichomoniasis (Chapter II), a disease associated with urbanization 

(Chapter m). Locating dead animals, however, can be extremely difScult and it is likely 

that many others died but were never recovered. Thus, my estimate of juvenile mortality 

due to trichomoniasis is probably very conservative. In addition, during the course of 

this study I recovered 31 juvenile, subadult, and adult Cooper's hawks that were dead, 

injured to a degree requiring euthanization, or would have died without medical 

treatment Causes of injury/death were primarily related to the urban environment; car 

and window collisions (67.7%), direct human influence (13%), poisoning (6.5%), and 

electrocution (3.2%). 

Paradoxically, the population of Cooper's hawks in Tucson appears to be stable 

or possibly growing. Each year the number of known territories remains relatively 

constant and new territories are being established. Sink populations, however, may 

persist over time due to immigration by dispersers from source habitats [i.e., the "rescue-

effect" (Brown and Kodric-Brown 1977)] (Pulh'am 1988, Temple and Carey 1988, 

Marzluff and Balda 1992). Immigration into Tucson may be sustaining the urban 

population of Cooper's hawks. For example, of 56 Cooper's hawks that established new 

territories or replaced lost individuals, only 16.1% were known to have been recruited 
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locally. Another 14.3% were banded Cooper's hawks that had been widowed or 

divorced, but the majority (69.6%) were unhanded birds, despite my having banded 

almost all breeding birds and all nestlings at the known nests in Tucson. 

I suspect that many Cooper's hawks immigrate into Tucson because of the 

abundance of prey, the presence of large trees, and the availability of water. On arrival, 

they may establish a territory, replace a missing breeding individual, or become floaters 

until the opportunity to breed arises. I suspect there is a large contingent of floaters in 

the urban populatiotL I witnessed several agom'stic interactions between territory 

holders and unknown intruders. On two occasions when a member of a breeding pair 

was lost (one female, one male), they were replaced within a week by unhanded 

subadults. These observations suggest that the population of urban Cooper's hawks is 

being maintained at a level greater than the number of birds supported in breeding 

territories. 

Based on estimates of survival and fecundity, the urban population is declining 

despite a potential to increase by 2% per year. The only evident factor preventing an 

increase is nestling mortality due to trichomoniasis. Cooper's hawks are attracted to 

Tucson by a variety of factors associated with the urban environment (Chapters I and II). 

Trichomoniasis, however, also is associated with the urban environment (Chapter III) 

and is the primary cause of the population decline. Thus, Tucson may be an 

anthropogenic ecological trap for Cooper's hawks. Immigrants are lured into the 

population and keep the relative number of breeders stable, but low reproduction due to 

disease apparently prevents the population from being self sustaining. 
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CONCLUDING REMARKS 

Cooper's hawks in Tucson nested in grove-h'ke aggregations of tall, full canopied 

trees. The current trend in landscaping in Tucson is to plant xeric, native or exotic trees, 

such as mesquite and acacia (Acacia spp.), which apparently are not suitable nest 

structures for urban Cooper's hawks. A discontinuance of planting eucalyptus and 

aleppo pine trees, and the eventual death or removal of existing trees, would decrease the 

suitable nesting areas for Cooper's hawks in the urban landscape. Alternatively, planting 

these two species in urban areas may provide new nesting habitat as Tucson grows. If 

planting exotics species is unacceptable, cottonwoods may be a viable alternative; they 

are native and serve as suitable nesting structures for Cooper's hawks. However, there is 

a general reluctance to plant cottonwood trees in Tucson due to the amount of water they 

require. 

Despite the species reputed sensitivity to human disturbances. Cooper's hawks in 

Tucson were highly habituated to human activities. I regularly observed Cooper's hawks 

hunting and eating prey from perches <5 m above high levels of human activity (e.g., 

human foot traffic, children playing). This provides opportunities for public viewing of 

this erstwhile elusive predator, which could be incorporated into environmental 

education programs. Though some people may be offended by seeing acts of predation 

or simply dislike hawks, I found most residents were intrigued by Cooper's hawks and 

enjoyed having them in their city. With rare exception, the only resistence I experienced 

from people when requesting access to their property was concern that 1 would harm the 

hawks. 
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The habituation by Coopers hawks to urbanization is apical behavior and may 

be cause for concern. First, habituation, resulting in decreased wariness, may lead to 

aggressive incidents of nest defense. This is not exceptional if the nest tree is being 

climbed, but I found several nesting pairs that made low flyby passes at people simply 

walking near the nest tree. I also documented three different nesting females that struck 

multiple passers by. Such incidents can result in injunes to people and promote fear of 

urban wildlife among the public. A second concern of habituation is the possibility of 

increased mortality; hawks that can be approached closely are more susceptible to 

persecution. For example, of the Cooper's hawks banded by Snyder and Snyder (1991), 

band returns were almost exclusively of the small number of birds that had become 

habituated to humans, and virtually all deaths were anthropogenic. 

Trichomoniasis is a severe limitation on Cooper's hawk nesting success in 

Tucson. Doves are hosts for the parasitic protozoan, X- gallinae. and there is a clear 

association between the urban environment, the proportion of doves in the diet of 

Cooper's hawks, and the nestUng Cooper's hawk mortality rate due to trichomoniasis. 

There are pharmaceutical treatments for individual animals with trichomoniasis, but 

treating infected animals presents a dilemma. A diseased Cooper's hawk with the initial 

symptoms of trichomom'asis, such as small lesions on the tongue or palate may be 

successfully treated. Unfortunately, the majority of Cooper's hawks found with the 

disease alreacty have an advanced state of lesion development (e.g., lesion invasion of the 

palate, jaw, etc.). A Cooper's hawk with such an advanced state of the disease will 

certainly die without treatment. However, once the lesions are removed, large cavities in 



76 

the palate or lower jaw persist Food will become impacted in these cavities and the 

animal will suffer a prolonged death from secondary bactenal infections. Clearly, the 

most humane course of action is to euthanize hawks with advanced states of 

trichomom'asis. 

The nesting density of Cooper's hawks in Tucson suggests urban landscapes may 

provide high quality habitat Given the increase in urbam'zation in the United States and 

the resulting decline of Cooper's hawks in some areas (Bosakowski et al. 1993), the 

question of whether urban areas can indeed provide suitable habitat for Cooper's hawks 

may become important in managing for the species. Initially, it appears that the urban 

environment could be favorable for Cooper's hawks. Juvenile Cooper's hawks in Tucson 

may have a high probability of survival because of abundant food resources. Likewise, 

adults may have high year-to-year survival because of the relatively stable environment 

(e.g., stable prey populations, water availability) provided by the city. Population 

models, however, indicate that Tucson is a population sink. The city apparently provides 

cues that Cooper's hawks perceive as indicative of habitat (i.e., abundant food resources, 

nesting structures, water), but the hawks are not capable of dealing with mortality factors 

(e.g., trichomom'asis, window collisions) associated with the urban environment This 

suggests that Tucson may be an anthropogenic ecological trap for Cooper's hawks. 
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APPENDIX A: 

Prey species captured by Cooper's Hawks in the Tucson study area (TSA) and in the 
control study area (CSA) during the breeding seasons, 1995-1996. 

TSA CSA 
Invgrtgbratg? 

Crayfish 
Reptiles 

Lesser Earless lizard 
Spiny lizard 
Whiptail lizard 

Birds 
Killdeer 
American Kestrel 
Northern Bobwhite 
Montezuma Quail 
GambeFs Quail 
Rock Dove 
Mourning Dove 
White-winged Dove 
Inca Dove 
Budgerigar 
Western Screech-owl 
Lesser Nighthawk 
Gila Woodpecker 
Northern Flicker 
Ladder-backed Woodpecker 
Kingbird spp. 
Brown-crested Flycatcher 
Gray-breasted Jay 
Cactus Wren 
Ruby-crowned Kinglet 
Loggerhead Shrike 
Northern Mockingbird 
Curve-billed Thrasher 
Phainopepla 

Astacura 

lfcill2E2$2kiamaeuIa$a 
Sceloponis spp. 

Charadrins vQgffgnis 
Falco sparverius 
Cohnus virginianus 
Cvrtonvx montezumae 
Callipgpla gambgtn 
Columba livia 
Zenaida macroura 
Zenaida asiatica 
Columbina inca 

Qtus kennicottii 
Chordeiles acutipennis 
Melanerpes uropvpialis 
Colaptes auratus 
Picoides scalaris 
jHannusspp. 
Mviarchus tvrannulus 
Aphelocoma ultamarina 
Campvlorhvnchus bninneicapillus 
Repilus calendula 
Unius ludgviciantfs 
Mimus pplyelottgs 
TgxQstoina ciffvirgstrg 
Phainopepla nitens 

• 

• 

• 

m 

* 

4c 
4c 

4c 

4c 

4c 

4c 
4c 

4c 

4c 

4c 

4c 

• 

4c 

• 

4c 

4c 

4t 

4c 

4c 

4c 

4c 

4c 
4c 

4i 
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APPENDIX A - Continued 

ISA CSA 

European Starling 
Yellow-breasted Chat 
Black-headed Grosbeak 
Northern Cardinal/ 
Pyrrhuloxia 
Green-tailed Towhee 
Canyon Towhee 
Great-tailed Grackle 
Scott's Oriole 
Bullock's Oriole 
Western Tanager 
House Sparrow 
House Finch 
Unknown passerine 

Stumus vulgaris 
Icteria virens 
Pheucticus melanocephalus 

Cardinalis spp. 
Pipilo chlorurus 
Pipilo fiiscus 
Otfisgalvis mgMcanH? 
fetgrus parisorvtm 
Icterus galhiila 
Pfranga Iwdgvigfana 
Passer domesticus 
Carpodacus mexicanus 

4c 

* 
• 
4e 

• 

• 

Mammals 
White-footed Woodrat Neotoma albigula 
Round-tailed Ground Squirrel Spermonhilus tereticaudus 
Antelope Ground Squirrel Ammospermophilus leucurus 
Rock Squirrel Spermophilus variagatus 
Cottontail Rabbit Svlvilagus spp. 

• 

« 

* 

• 
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