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Abstract 

Red-tailed hawks (Buteo jamaicensis) nesting in urban environments is 

becoming more common, yet no studies have documented components of urban 

nesting habitat. In this study I define, describe, and compare urban, suburban and 

rural red-tailed hawk nesting habitat in southeast Wisconsin. 

Nests were located from a vehicle between 1 February and 30 April from 1987 

through 1994, and were visited periodically to determine reproductive success. Nest 

site data were collected when nestlings were 2 to 5 wk old. Habitat data were 

collected within a 0.04-ha circular plot around the nest tree after fledging. Land-use 

data were collected within a 1.5-km radius (706.9 ha), and a 0.25-km radius (19.6 ha) 

of the nests. A nest site was classified as urban if~ 70% of the 706.9-ha area was 

used for industrial or residential purposes ( developed), rural if :::; 30%, and suburban if 

> 30% and< 70% was developed. The amount of natural, agricultural, residential and 

industrial land-use within the 706.9 and 19.6-ha areas was determined from 1990 aerial 

photos. Urban, suburban and rural nest sites were compared. 

Productivity was not significantly different for urban, suburban and rural nest 

sites (P = 0.857). Average nesting success for red-tailed hawks in the Milwaukee 

metropolitan area from 1989 through 1994 (N:426) was 81.9% (R:75.3-92.7%). 

Productivity for the same 6-yr period averaged 1.43 young/active nest (R:1.13-1.91) 

and brood size at banding (2.5 to 5 wk) averaged 1.75 young/successful nest (R:1.61-

2.06). Productivity varied significantly (P < 0.001) being higher in 1994 than each of 

the preceding yr (P:<0.001-0.015). 

111 



Nest trees for suburban sites were significantly taller than urban sites (P = 

0.009) but not rural sites (P = 0.061). Nest closure was statistically identical for the 

three categories (P = 0.978). Suburban sites had significantly more shrub diversity 

than urban and rural sites (P = 0.017, P = 0.004, respectively), and had higher shrub 

density than rural sites (P = 0.044). The 706.9-ha area for urban sites was 

significantly more homogeneous than suburban and rural sites (P < 0.001, P = 0.001, 

respectively). Distances between active red-tailed hawk nests for urban sites were > 

for suburban and rural sites (P = 0.004, P < 0.001, respectively), and distances for 

suburban sites were> rural sites (P = 0.018). 

The amount of land with natural cover within the 706.9-ha area for urban nest 

sites was significantly different for urban, suburban and rural sites (P < 0.001). The 

amount of natural cover within the 19.6-ha area was identical for urban, suburban and 

rural sites (P = 0.967). The amount of land with natural cover is a critical nesting 

habitat component. Natural habitat comprised about 16% of the land within the 706.9-

ha area for urban sites; 40% of this area was wooded, and 60% had herbaceous cover. 

Urban planning should incorporate these amounts of natural habitat to allow for red

tailed hawks and other wildlife to coexist with humans in an urban environment. 
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PREFACE 

This thesis is written in the format for publication in the Journal of Ra_ptor 

Research. Accordingly, abbreviations for yr, wk, km, %, etc. are use throughout this 

manuscript for singular and plural forms. Numbers one to nine are written out unless 

measurements. The LITERATURE CITED section follows the guidelines for the 

Journal of Raptor Research. 
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INTRODUCTION 

Red-tailed hawks (Buteo jamaicensis) nest in urban environments, yet no 

studies have been published on their urban nesting habitat. Two reports in Michigan 

documented the successful nesting of red-tails in urban settings (Valentine 1978, Hull 

1980), and urban nesting also has been reported in Puerto Rico (Santana et al. 1986). 

Productivity of red-tailed hawks in an urban/suburban landscape in New York was 

reported in a 10-yr study (1980-1989; Minor et al. 1993). 

Three studies of rural red-tailed hawk populations were conducted in Wisconsin 

(Orians and Kuhlman 1956, Gates 1972, Petersen 1979). They focused on population 

densities and demography, productivity and reproductive success, food habits, 

behavior, and nest site descriptions. Petersen (1979) also studied the seasonal ranges 

of red-tailed hawks. Brinker and Erdmann (1985) studied the dispersal of red-tails 

from natal areas north of Green Bay, Wisconsin. Howell et al. (1978) correlated 

nesting habitat structure and productivity of red-tails in Ohio, and reported that high 

productivity sites had more than twice as much fallow land, less than half as much 

crop land, and less than half the amount of woodlots than did low productivity sites. 

Other studies of red-tails conducted in rural areas throughout North America described 

aspects of red-tail ecology, including breeding biology, population dynamics, nesting 

populations, productivity, predation, and the influence of prey species :fluctuations on 

red-tail demography (Luttich et al. 1970, 1971, Adamcik and Keith 1974, Mclnvaille 

and Keith 1974, Johnson 1975, Wiley 1975, Fitch and Bare 1978, Adamcik et al. 

1979, Kirkley and Springer 1980). 
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OBJECTIVES 

The purpose of this study was to define, describe, and compare urban, 

suburban, and rural red-tailed hawk nesting habitat in southeast Wisconsin, determine 

critical nesting habitat components, and make recommendations for incorporating this 

information into urban wildlife management and planning. 

STUDY AREA 

The study area is located in the metropolitan Milwaukee area in southeast 

Wisconsin (43° north latitude, 88° west longitude). It includes Milwaukee County and 

parts of Waukesha, Washington and Ozaukee Counties. Milwaukee and Ozaukee 

Counties are bordered by Lake Michigan to the east. Land-use within the study area 

includes urban, suburban and rural habitat. Rural habitat is predominantly agricultural 

land with a few interspersed forested areas and residences. Suburban habitat is a 

mixture of residential, industrial, agricultural and natural cover types. Urban habitat is 

predominantly residential and industrial land with some agriculture land and natural 

habitat. 

METHODS 

Nests were located from a vehicle between 1 February and 30 April from 1987 

through 1994 (Craighead and Craighead 1956) and were visited periodically to 

determine red-tailed hawk reproductive success (Postupalsky 1974). A nesting attempt 

was considered successful if at least 1 nestling survived to a bandable age. Nest 

success (% of nests that were successful) was determined. Nest site (microhabitat), 

habitat, and area (macrohabitat) data were recorded according to Titus and Mosher 
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(1981), and Mosher et al. (1986, 1987; Table 1, 2, and 3, respectively). Nest site data 

were collected when nestlings were 2- to 5-wk old. The nest location in the tree was 

assigned as main crotch, secondary crotch ( angle from vertical of the supporting limb 

< 45°), horizontal branch (angle from vertical of the supporting limb > 45°), or braced 

against the main trunk. The distance from the downward vertical projection of the 

nest to the tree trunk was measured. Closure at the nest was ranked as open, mostly 

open, mostly closed, or closed (0, 1, 2, or 3, respectively). The direction of nest-tree 

exposure and direction of best access into the nest was assigned as total 

access/exposure, N, NE, E, SE, S, SW, W, NW, or no access/exposure. The nest tree 

was classified as being in a woodlot interior (the tree crown did not touch a woodlot 

edge), on the edge of an interior woodlot clearing (the clearing was ~ 0.1 ha), 

savannah (not on an edge), woodlot edge, hedgerow, lone tree, powerline tower, or 

billboard. 

Habitat data were collected within a 0.04-ha circular plot (11.3-m radius 

centered on the nest tree) after fledging through September. Canopy, understory, 

shrub, ground cover, and slope of the plot were described. Shrub structure was 

classified by shrub density, shrub index and density board (Mosher et al. 1986). The 

slope and slope aspect were determined for sites with a slope ~ 2%. The slope was 

measured with a clinometer. 

Land-use within a 1.5-km radius (706.9 ha) of the nests was determined for 

macrohabitat analysis and nest site classification, i.e. urban, suburban or rural. The 

amount of land with natural, agricultural, residential and industrial cover types within 
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the macrohabitat area was determined from 1990 aerial photos (1 cm= 48 m) with a 

compensating polar planimeter. The number of individual areas of each cover type 

was recorded. Natural habitat (cover types) included woodlots, tree and shrub 

savannahs, shrublands, herbaceous cover (vegetation includes grasses and forbs, also 

includes fallow fields and inactive pastures), and open water. The mean area of open 

water was< 1 % (7 ha; maximum= 6.2%, 43.8 ha) and consisted primarily of pothole 

ponds, and therefore was included in the natural category. Agricultural land included 

row crops (e.g. corn), cover crops (e.g. alfalfa, clover), actively grazed pastures, tree 

nurseries and orchards. Residential land included human dwellings, and other 

buildings and land associated with them. Industrial land included non-residential 

buildings, pavement, roads, graded land (e.g., gravel pits), mowed land (e.g., 

cemeteries, airports, mowed land surrounding industrial buildings), and non-mowed 

land associated with human activity (e.g., freeway intersections, non-mowed land 

surrounding industrial buildings). Each area was measured separately and combined 

for analysis. Industrial and residential areas were considered developed. Natural and 

agricultural areas were considered undeveloped because they are devoid of any 

buildings or pavement. A nest site was classified as urban if~ 70% of the 706.9-ha 

macrohabitat was used for industrial or residential purposes, rural if :s; 30%, and 

suburban if> 30% and< 70% was developed. The macrohabitat components (cover 

type areas) were determined within a 0.25-km radius (19.6 ha) for a comparison of 

land-use closer to the nest site. Hedgerow length was measured within the 706.9-ha 

macrohabitat. The Baxter-Wolfe interspersion index was determined from the changes 
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in habitat along the north-south and east-west median lines within the 706.9-ha area 

(Baxter and Wolfe 1972, Mosher et al. 1987). 

The area and perimeter of woodlots containing nests were measured. Distances 

to the nearest forest opening or edge, water, hedgerow, residence, industrial building, 

road, and other active red-tail nest were recorded. The mean distance to buildings was 

determined by using a point-quarter method of measuring the distance to the nearest 

building in each of four quadrants. The mean circular area surrounding the nest 

without buildings was calculated by using the mean distance to buildings as the radius 

of a circle. 

Nest site data were collected for all nests in the metropolitan Milwaukee area 

for 1989. Only nests of new red-tailed hawk pairs were included in successive yr to 

produce independent, random samples for analysis. New nests were red-tail pairs 

accounted for in prior yr with unknown nesting status. Macrohabitat data were 

collected on equal numbers of urban, suburban and rural sites. Habitat data were 

collected for nests in these areas. 

Statistical Methods 

Categorical data were tested with a chi-square goodness of fit. Urban, 

suburban, and rural nest sites were compared using univariate statistics. Frequency 

distributions were used to determine variables with normal distributions. Log 

transformations were used when applicable. Quantitative variables with normal 

distributions were treated with parametric methods ( one-way analysis of variance: 

one-way ANOV A). Non-parametric methods (Kruskal-Wallis test, Chi-square 
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approximation: Sokal and Rohlf 1981) were used for other variables. All tests were 

considered significant when P s 0.05. Variables that were significantly different (P s 

0.05) or statistically identical (P 2 0.95) for the three treatments (urban, suburban and 

rural) were analyzed for similarities and differences between paired sets. 

A stepwise discriminant function analysis was used to distinguish between 

urban, suburban and rural nest sites. Nests on artificial substrates were excluded from 

this analysis because the nest site and habitat surrounding the nest were directly 

affected by the artificial substrate (Stout et al. 1995). Nest macrohabitat variables for 

the 706.9 and 19.6 ha areas were excluded from the analysis because they were used 

to define urban, suburban and rural. Three one-way ANOVA's were conducted to 

determine which variable means were significantly different at the P s 0.10. A 

correlation analysis was used on these variables to eliminate highly correlated variables 

(r 2 0. 7). Eighteen variables were entered into the stepwise discriminant function 

analysis. Rao' s V was used as the selection criteria for the stepwise procedure. The 

Statistical Package for the Social Sciences (SPSS; Nie et al. 1975) was used for all 

statistical analyses. 

RESULTS 

Productivity was not different for urban, suburban and rural nest sites (Table 

4). Average nesting success for red-tailed hawks in the Milwaukee metropolitan area 

from 1989 through 1994 (N:426) was 81.9% (R:75.3-92.7%; Table 5). Productivity 

for the same 6-yr period averaged 1.43 young/active nest (R:1.13-1.91) and brood size 

at banding (2.5 to 5 wk) averaged 1.75 young/successful nest (R:1.61-2.06). 
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Productivity varied (P<0.001) being higher in 1994 than each of the preceding yr 

(P:<0.001-0.015). 

In 1989 and 1990, 89 red-tailed hawk pairs built nests in 18 species of trees 

and on two types of human-made structures, and include urban, suburban and rural 

nest sites (Table 6). Four nests were on high voltage transmission towers and one on a 

billboard (Stout et al. 1995). Nest substrates were pooled into oaks (Quercus spp.), 

ashes (Fraxinus spp.), maples (Acer spp.), and others for analysis. Expected relative 

frequencies were determined for all overstory canopy species and nest structures from 

84 0.04-ha plots. Red-tails preferred oaks and ashes for nest sites over other available 

substrates compared to species availability (x2 = 19.086, df = 3, P < 0.001; Table 6). 

Of 83 nests on natural substrates, 4 7 were in secondary crotches, 23 were in main 

crotches, 9 were in crotches of a horizontal branch, and 4 were braced against the 

main trunk. 

Of 90 sites, 3 8 nests were in woodlot interiors, 12 on the edge of an interior 

woodlot clearing, 24 on woodlot edges, seven in forest savannahs, three in hedgerows, 

one in a lone tree, and five on human-made structures. Forty nest trees had no 

directional exposure, 40 had some directional exposure ( e.g., on a woodlot edge), and 

8 were totally exposed. Of the latter 8 sites, 5 were on human-made structures. Red

tails preferred substrates associated with a woodlot (x2 = 23.273, df = 2, P < 0.001). 

Of the 40 nests with directional exposure at the base of the tree, 6, 1, 3, 8, 5, 2, 6, and 

9 nest trees faced north, northeast, east, southeast, south, southwest, west, and 

northwest, respectively; red-tails did not prefer directional exposure at the base of the 
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nest tree (Fig. 1; x2 = 11.200, df= 7, P = 0.130). For the direction of best access into 

the nest, 4 nests were accessible from all directions (utility transmission towers), 6, 19, 

3, 7, 12, 8, 7, and 22 nests were accessible from the north, northeast, east, southeast, 

south, southwest, west, and northwest, respectively; red-tails preferred a northwest 

direction of access into the nest over others (N = 88; Fig. 1; x2 = 35.955, df = 8, P < 

0.001). Sloped sites (N = 41) were not preferred over non-sloped sites (N = 38; x2 = 

0.114, df = 1, P = 0. 736). Of the 41 sloped sites, 2, 9, 2, 12, 5, 5, 1 and 5 nests faced 

north, northeast, east, southeast, south, southwest, west, and northwest, respectively; 

red-tails preferred a southeast slope aspect over others (Fig. 1; x2 = 19.293, df = 7, P 

= 0.007). 

Of 21 quantitative nest site variables, nest tree height was different for urban, 

suburban, and rural sites, with nest trees being taller for suburban sites than urban sites 

but not for rural sites (P = 0.009, P = 0.061, respectively); Urban and rural sites were 

not different (P = 0.502; Table 4). Nest closure and cup length were identical (P ?: 

0.95) for urban, suburban, and rural sites (Table 4). Of 22 habitat variables, the % 

slope of the plot was greater for suburban sites than for rural sites, the number of 

shrub species at suburban sites was > at both urban and rural sites, and the number of 

small understory saplings (DBH 1-4 cm) at suburban sites was > at rural sites (Table 

7). No habitat variables were identical for urban, suburban and rural sites. 

Of 15 nest macrohabitat variables, total hedgerow length within the 

macrhabitat, mean building distance, area for mean building distance, nearest 

residence, nearest industrial structure, nearest building, nearest road, nearest active red-
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tailed hawk nest, and the Baxter-Wolfe interspersion index (nine of 15 variables 

measured) were different for urban, suburban, and rural nest sites (Table 8). For 

distances between active red-tailed hawk nests, urban sites were> suburban and rural 

sites (P = 0.004, P < 0.001, respectively), and suburban sites were > rural sites (P = 

0.018; Table 8). Of 8 variables within the 706.9-ha macrohabitat area, the amount of 

land with herbaceous cover, forested land, total area of natural habitat, agricultural 

land, industrial land, residential land, total area of developed land, and total area of 

undeveloped land (all eight variables) were different for urban, suburban, and rural 

sites (Table 8). For the same 8 variables in the 706.9-ha area, the amount of 

agricultural land, industrial land, residential land, total area of developed land, and 

total area of undeveloped land (six of the eight variables) were different for urban, 

suburban, and rural sites within the 19.6-ha macrohabitat area (Table 8). Total area of 

natural habitat, while significantly different for the 706.9-ha area, was statistically 

identical for urban, suburban and rural sites within the 19.6-ha area (Table 8), and 

averaged 10.3 ha for urban, suburban and rural nest sites. Natural habitat within the 

706.9-ha area was interspersed among developed land in an average of 16.4 different 

tracts for urban nest sites. 

A stepwise discriminant function analysis selected eight variables for inclusion 

in two canonical discriminant functions (Table 9). These two functions correctly re

classified 88.1 % of 42 nest sites, and can be used to classify unknown nest sites as 

urban, suburban, or rural with 88.1 % accuracy (Table 10). Discriminant function I 

was heavily weighted by the number of shrub species, total headgerow length within 
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the 706.9-ha nest macrohabitat area, nearest industrial building and nearest active red-

tailed hawk nest, and predominantly separated rural nest sites from urban and suburban 

sites. Discriminant function II was heavily weighted by nest width, number of shrub 

species, nearest residence and % slope of the plot. This function separated urban sites 

from suburban and rural sites (Fig. 2). 

DISCUSSION 

Red-tailed hawk reproductive success over the 6 yr study was comparable to 

other studies in Wisconsin. Productivity for this study was 1.43 young per nest 

attempt (R:1.13-1.91) compared to 1.43 for Orians and Kuhlman (1956; R:1.09-1.78), 

1.13 for Gates (1972), and 1.3 for Petersen (1979; R:1.0-1.6). Nest success was 81.9% 

(R:69.2-92.7%), compared to 73.6% for Orians and Kuhlman (1956; R:63.6-88.9%), 

65% for Gates (1972), and 72% for Petersen (1979; R:53-86%). Reported nest success 

estimates range from 58% to 93% (Preston and Beane 1993). 

The distance between active red-tailed hawk nests was used as an index of red

tail nesting density (McGovern and McNurney 1986). The mean distance between 

nests and range (mean= 1930 m; range, 403 - 4968 m; N = 50) were comparable to 

other studies (Petersen 1979, McGovern and McNurney 1986). However, rural nests 

were significantly closer together than suburban and urban nests, and suburban nests 

were closer together than urban nests, therefore red-tail nesting density decreased from 

rural to suburban to urban areas. I believe that all nests were found in urban and 

suburban areas, and therefore the distances between nests in these locations are 

accurate. Rural nests were found adjacent to the suburban nests at the perimeter of the 
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study area, not all in one defined location. Therefore, the nearest active red-tail nest 

may not have been found in rural areas, and rural nests may be closer together than 

my data indicate. Based on this information and my data, I believe that red-tailed 

hawk nesting density may have increased in rural southeast Wisconsin over the past 25 

yr, possibly because of improved nesting habitat and changes in agricultural practices 

that set land aside for wildlife (i.e. the conservation reserve program, CRP). Orians 

and Kuhlman (1956) reported a red-tail density of one pair/7.3 km2 in southern 

Wisconsin, Gates (1972) reported a density of one breeding pair/10.6 km2 in east

central Wisconsin, and Petersen (1979) reported a density of one breeding pair/4.7 km2 

( one pair-occupied territory/4.1 km2) in southeast Wisconsin; all three were rural 

studies. Fitch et al. (1946) reported the highest red-tailed hawk nesting density of one 

breeding pair/1 .3 km2 in California. The mean distance to the nearest active red-tail 

nest for Petersen (1979) was 1.51 km, compared to a mean distance between rural 

nests of 1.32 km for this study. The mean distance between nests in suburban and 

urban locations for this study was 1.78 and 2.74 km, respectively. 

In this area oaks and ashes are the larger trees, and therefore, these species are 

used as nest trees more frequently than other available species. For this study, mean 

nest tree height was > mean canopy height. Nest tree and site selection varies widely 

(Preston and Beane 1993). Nest trees are usually larger than surrounding trees (Orians 

and Kuhlman 1956, Wiley 1975, Petersen 1979, Speiser and Bosakowski 1988, Toland 

1990a, Preston and Beane 1993). Red-tailed hawks also will nest on artificial 

substrates such as water and look-out towers, powerline poles and high voltage 



12 

transmission towers (Olendorff and Stoddart 1974, Gilmer and Wiehe 1977, Olendorff 

et al. 1981, Brett 1987, Speiser and Bosakowski 1988, Bechard et al. 1990, Toland 

1990b, Preston and Beane 1993). Nesting on artificial structures is becoming more 

common in the eastern U.S., possibly because of increased urbanization and red-tail 

adaptability (Stout et al. 1995). 

For this study, red-tailed hawks preferred a northerly (primarily NW and NE) 

direction of best access into the nest (Fig. I). The nest site usually has unobstructed 

access and a commanding view of the surrounding area (Orians and Kuhlman 1956, 

Petersen 1979, Titus and Mosher 1981, Bednarz and Dinsmore 1982, Santana et al. 

1986, Speiser and Bosakowski 1988, Preston and Beane 1993). Bechard et al. (1990) 

and Toland (1990a) documented similar nest orientation in Washington and Missouri, 

respectively. Red-tailed hawks may select for a northerly direction of best access into 

the nest to minimize direct sunlight exposure causing heat stress on the young late in 

the nesting season. 

Sloped sites ( 52%) were not preferred over non-sloped sites ( 48%) in this 

study, or in Toland's study (1990a). Of the sloped sites, a southeast slope aspect was 

preferred (Fig.1 ). Other studies found that red-tails select nest sites on steeper slopes, 

and higher up on the slope (Titus and Mosher 1981, Speiser and Bosakowski 1988). 

Bednarz and Dimsmore (1982) found that red-tails selected sloped sites more 

frequently than red-shouldered hawks (B. lineatus), and may avoid southwest facing 

slopes because of exposure to higher temperatures that may cause heat stress in the 

young. Fitch et al. (1946) attributed the death of one nestling to direct sunlight 
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exposure. Bednarz and Dinsmore (1982) found that red-tails tended to avoid 

southwest slopes but the results were not significant. Speiser and Bosakowski (1988) 

found significant differences in slope aspect, with the northerly direction being under

represented, and the majority of the sites having a southeast facing slope. They 

suggest that a southeast slope maximizes insulation to the nest on cold mornings and 

minimizes the possibility of heat stress in the afternoon. Fitch et al. (1946) attributed 

becoming wet from a storm as the cause of death for one nestling. A southeast slope 

may help keep nestlings dry by minimizing the effects of predominant northwest storm 

winds in Wisconsin. 

The direction of best access into the nest, and slope aspect are both important 

factors in nest site selection. The combination of these two characteristics creates a 

microclimate that minimizes the effects of the cold, predominant northwest winds early 

in the nesting season, and direct sunlight exposure causing heat stress in the young 

later in the nesting season. Therefore, the overall topography of the canopy is an 

important factor in nest site selection. The direction of nest tree exposure at the base 

of the tree (Fig. I), and other habitat characteristics commonly measured at the base of 

the nest tree are not important in nest tree or site selection. 

Red-tailed hawks are consistent in nest site selection with regard to nest site 

and habitat in urban, suburban and rural locations. Nest site and habitat characteristics 

that exhibit differences between urban, suburban and rural areas are a function of the 

amount of development, (i.e., urban, suburban, and rural habitat), not nest tree or site 

selection. These characteristics indicate that suburban areas form a type of "ecotone" 
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between urban and rural areas, and display characteristics common to an ecotone. 

Larger trees, higher canopy, and steeper slopes allow for greater diversity (i.e., number 

of shrub species), and density below the canopy in these locations. Nest trees in 

suburban locations, while larger than nest trees in urban areas, may be larger because 

fewer trees, large and small, remain in urban areas. Percent slope for suburban sites, 

while > for rural sites, may be greater because land with sloped terrain is usually the 

last to be developed in suburban areas. As urbanization continues, the amount of 

sloped land decreases (i.e., suburban becomes urban). Also, a large number of 

suburban nest sites are located in wetlands, probably because upland sites are 

developed first, forcing red-tails and other wildlife into remaining wetland areas. 

Mean building distance and area, nearest residence, nearest industrial building, 

nearest building, and nearest road varied significantly and expectedly between urban, 

suburban, and rural nest sites (Table 8). These variables increased from urban to 

suburban to rural areas. Suburban areas had the highest land-use diversity (Baxter

Wolfe interspersion index) where urban locations had the least amount of land-use 

diversity. This characteristic of suburban sites also suggests that suburbs form a type 

of ecotone between urban and rural areas. However, woodlot area and perimeter 

remained relatively constant for urban, suburban, and rural nesting locations. With the 

large amount of development and agriculture, and postulating that red-tails do not 

prefer nesting on totally exposed substrates, 9 ha may represent a preferred woodlot 

size for red-tailed hawks compared to the amount of other natural habitat within the 

nesting area. Other studies found that red-tails preferred smaller woodlots, open stands 
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and woodlot edges compared to larger woodlots or closed canopy woodlot interiors 

(Orians and Kuhlman 1956, Gates 1972, Petersen 1979). Bednarz and Dinsmore 

(1982) reported that red-tails nest closer to woodlot edges than red-shouldered hawks. 

Speiser and Bosakowski (1988) found that red-tails nested closer to forest openings 

than random sites. Howell et al. (1978) reported that high productive red-tail nest sites 

were in small woodlots compared to low productive sites, and suggested that this was 

due to the type and amount of surrounding vegetation rather than woodlot size. 

For the 706.9-ha nest macrohabitat area, the amount of natural habitat and 

agricultural land increased from urban to suburban to rural areas, whereas, the amount 

of residential and industrial land decreased from urban to suburban to rural areas, both 

as expected. These data were used to define urban, suburban, and rural. 

For the 19.6-ha nest macrohabitat area, the amount of agricultural land 

increased from urban to suburban to rural areas, and the amount of residential and 

industrial land decreased from urban to suburban to rural areas. However, the amount 

of natural cover within the 19.6-ha area was statistically identical for urban, suburban 

and rural areas (P 2:: 0.95), averaged 10.3 ha for these areas, and constitutes a critical 

nesting habitat component for red-tailed hawks. 

Management Recommendations 

Critical nesting habitat components and other limiting factors for wildlife 

frequently are identified and used for management purposes; wildlife populations are 

managed by improving, sustaining, or reducing these habitat components (Millsap et 

al. 1987). Many cities and townships are concerned about maintaining a proper 
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ecological balance between natural communities and developed areas (Leedy et al. 

1978, 1981). These communities can use the information about red-tailed hawk 

habitat in planning their community. The distribution of land with herbaceous cover, 

woodlots and other habitat components can be interspersed between industrial and 

residential areas (Leedy et al. 1978, Howell et al. 1978). The use of the red-tailed 

hawk as an "indicator species" can enable red-tails and other wildlife to coexist with 

humans in an urban environment. 

To determine critical habitat components for a species, components are 

removed systematically, and the status of the species is evaluated after each component 

is removed. When a critical habitat component is removed, the species is no longer 

able to inhabit the area. As urbanization proceeds, habitat components are removed 

and replaced with residential and industrial buildings, pavement and other types of 

development. Therefore, habitat components are removed from rural areas as the 

location becomes suburban and urban. 

Because of these unique characteristics of developed areas, critical, minimum 

red-tailed hawk habitat requirements were identified from urban nest sites, and used to 

make management recommendations. I used the components of this study that are 

identical for urban, suburban and rural nest sites as major red-tail nesting habitat 

components for southeast Wisconsin because they are present in rural nesting habitat, 

and remain the same in suburban and urban nesting habitat. The amount of land with 

natural cover within the 19.6-ha area was identified as a critical nesting habitat 

component; it averaged 10.3 ha for urban, suburban and rural nest sites. For 
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management recommendations in urban areas, the amount of land with natural cover 

was determined within the 706.9-ha macrohabitat area for urban nest sites. It averaged 

111.3 ha (15.7%), and was interspersed among the developed land in an average of 

16.4 separate tracts. Of these 111.3 ha, 67.2 ha (60.4%) had herbaceous cover, 39.3 

ha (35.3%) were wooded, and 4.8 ha (4.3%) were open water. Based on these data, I 

recommend that at least 16% of urban land be left in natural habitat that is 

approximately 40% wooded, and 60% herbaceous cover. This natural habitat should 

be distributed among residential and industrial land in approximately 16 separate tracts. 

Wooded areas should be approximately 9 ha to provide suitable nesting woodlots. 
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Table 1. Description of variables measured for the nest site (microhabitat) at urban, suburban and 

rural nest sites. 

Mnemonic 

NTS 

LNT 

DBA 

NTD 

DNTE 

NTDBH 

NTH 

NHT 

PNHT 

NDTT* 

SLD 

SLA 

NSBL 

NSBD 

TNSB 

TASB 

NL 

NW 

NH 

NCIR 

CL 

cw 
CH 

CCIR 

NC 

PRO 

Description 

Nest tree species ( categorical data) 

Location of nest in tree (categorical data) 

Direction of best access at the nest 

(categorical data) 

Nest tree discriptor (categorical data) 

Direction of nest tree exposure (categorical data) 

Nest tree DBH (cm) 

Nest tree height (m) 

Nest height in tree (m) 

Percent nest height in tree (%) 

Distance of downward vertical projection 

of the nest to the tree trunk (m) 

Supporting limb diameter (cm) 

Supporting limb angle (0 ) 

Number of supporting branches live 

Number of supporting branches dead 

Total number of supporting branches 

Total area of supporting branches (dm2) 

Nest length (cm) 

Nest width (cm) 

Nest height (cm) 

Nest circumference (cm) 

Cup length ( cm) 

Cup width (cm) 

Cup height (cm) 

Cup circumference (cm) 

Nest closure (ranked 0-3) 

Productivity 

•variables log-transformed for one-way ANOVA 

Type of Analysis 

Chi-square goodness of fit 

Chi-square goodness of fit 

Chi-square goodness of fit 

Chi-square goodness of fit 

Chi-square goodness of fit 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

Kruskal-Wallis Test 

Kruskal-Wallis Test 

Kruskal-Wallis Test 

Kruskal-Wallis Test 

Kruskal-Wallis Test 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

One-way ANOV A 

Kruskal-Wallis Test 

Kruskal-Wallis Test 
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Table 2. Description of variables measured for the nest habitat (0.04-ha circular plot, 11.3-m radius) 

at urban, suburban and rural nest sites. 

Mnemonic Description Type of Analysis 

EXPOSLOP Direction of slope exposure (categorical data) Chi-square goodness of fit 

PERSLOP Percent slope of plot (%) Kruskal-Wallis Test 

CANHT Canopy height (m) One-way ANOV A 

PCANHT Percent nest height in canopy (%) One-way ANOV A 

NOSPTREE Number of overstory tree species in plot Kruskal-Wallis Test 

NOTREES* Number of total overstory trees in plot One-way ANOV A 

DBHLT25 Number of overstory trees with DBH < 25 cm Kruskal-Wallis Test 

DBH2550 Number of overstory trees with DBH 25 to 50 cm Kruskal-Wallis Test 

DBHGT50 Number of overstory trees with DBH > 50 cm Kruskal-Wallis Test 

BASAL Basal area of overstory trees within plot (dm2) One-way ANOV A 

PCANTOT Percent total canopy cover (%) One-way ANOV A 

(based on 40 ocular tube readings) 

PUNDTOT Percent total understory cover (%) One-way ANOV A 

(based on 40 ocular tube readings) 

PGRNDTOT Percent total ground cover (%) One-way ANOV A 

(based on 40 ocular tube readings) 

NOSPSHRB Number of shrub species present within plot One-way ANOV A 

UND14 Number of understory stems with DBH 1-4 cm Kruskal-Wallis Test 

UND58 Number of understory stems with DBH 5-8 cm Kruskal-Wallis Test 

UNDGT9 Number of understory stems with DBH 9+ cm Kruskal-Wallis Test 

SHRUBDEN* Shrub density One-way ANOV A 

SHRUBIND* Shrub index One-way ANOV A 

DENBD003 Density board - 0-0 .3 m Kruskal-Wallis Test 

DENBD03 Density board - 0.3-1 m Kruskal-Wallis Test 

DENBD12 Density board - 1-2 m Kruskal-Wallis Test 

DENBD23 Density board - 2-3 m Kruskal-Wallis Test 

•variables log-transformed for one-way ANOVA 
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Table 3. Description of variables measured for the nest macrohabitat (706.9-ha area, 1.5-km r; and 

19.6-ha area, 0.25-km r) at urban, suburban and rural nest sites. 

Mnemonic 

Nest macrohabitat 

DISFOROP 
WATER* 
WDEDG 
WDAREA* 
WDPERIM* 
HEDGTOT 
DISHEDG 
MNBLGDIS 

MNAREA* 
NRES* 
NIND* 
NBLDNG* 
NROAD* 
NACTNST* 
BWIND 
URSURU 

Desc_ri_E_tion _ 

Distance to nearest forest opening or edge (m) 
Distance nearest water (m) 
Distance to nest woodlot edge (m) 
Nest woodlot area (ha) 
Nest woodlot perimeter (m) 
Total hedgerow length within the macrohabitat area (m) 
Distance to nearest hedgerow (m) 
Mean building distance (m) 

(mean of 4 measures-NW, NE, SE, SW) 
Area for mean building distance (ha) 
Distance to nearest residence (m) 
Distance to nearest industrial building (m) 
Distance to nearest building (NRES or NIND)(m) 
Distance to nearest road (m) 
Distance to nearest active RTH nest (m) 
Baxter-Wolfe interspersion index 
Urban, suburban, rural-determined by the amount of 

developed area within a 1.5-km radius of the nest tree. 

706.9-ha nest macrohabitat area (1.5-km radius centered on the nest tree). 

NGFS150 

NFOR150 
TNW150 
AG150 
INB150 
RES150* 
DEV150 
UNDEV15 

Area of herbaceous cover and shrubs (vegetation for 
herbaceous cover includes grasses and forbs; 
also includes old fields and inactive pastures; ha) 

Area of forest/wooded habitat (ha) 
Total area of natural habitat (NGFS150+NFOR150; ha) 
Area of agricultural land-use (ha) 
Area of industrial land-use (ha) 
Area of residential land-use (ha) 
Total area of developed land (ha) 
Total area of undeveloped land (ha) 

19.6-ha nest macrohabitat area (0.25-km radius centered on the nest tree). 

NGFS25 

NFOR25 
TNW25 
AG25 
IND25 
RES25 
DEV25 
UNDEV25 

Area of herbaceous cover and shrubs (vegetation for 
herbaceous cover includes grasses and forbs; 
also includes old fields and inactive pastures; ha) 

Area of forest/wooded habitat (ha) 
Total area of natural habitat (NGFS25+NFOR25; ha) 
Area of agricultural land-use (ha) 
Area of industrial land-use (ha) 
Area of residential land-use (ha) 
Total area of developed land (ha) 
Total area of undeveloped land (ha) 

•variables log-transformed for one-way ANOVA 

Typ~Qf Analysis 

Kruskal-Wallis Test 
One-way ANOV A 
Kruskal-Wallis Test 
One-way ANOV A 
One-way ANOV A 
One-way ANOV A 
Kruskal-Wallis Test 
One-way ANOV A 

One-way ANOV A 
One-way ANOV A 
One-way ANOV A 
One-way ANOV A 
One-way ANOV A 
One-way ANOV A 
One-way ANOV A 
Independent Variable 

One-way ANOV A 

One-way ANOVA 
One-way ANOV A 
Kruskal-Wallis Test 
One-way ANOV A 
One-way ANOV A 
One-way ANOV A 
One-way ANOV A 

One-way ANOV A 

Kruskal-W allis Test 
Kruskal-Wallis Test 
Kruskal-Wallis Test 
Kruskal-Wallis Test 
Kruskal-Wallis Test 
Kruskal-Wallis Test 
Kruskal-Wallis Test 
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Table 4. Comparison of nest site microhabitat variables for urban, suburban 
artificial substrates. 

URBAN NEST SITES SUBURBAN NEST SITES 

Mean ± SE Mean ± SE 
Range (N) Range (N) 

NTDBH 47 ± 4.9 58 ± 4.9 
27-84 (11) 28-103 (21) 

NTH 20.09 ± 1. oox 23.33 ± 0. 67Y 
14.10-26.30 (11) 18.50-28.96 (20) 

NHT 15.93 ± 0.77 17.77 ± 0.61 
11. 90-19. 34 (11) 13. 50-22. 03 (21) 

PNHT 80.0 ± 3.19 77.0 ± 1. 37 
64.3-92.8 (11) 63.4-86.9 (20) 

NDTT• 1.15 ± 0. 30 1. 98 ± 0.26 
0.00-3.06 (11) 0.0-4.27 (21) 

SLD 15.0 ± 2.69 20.1 ± 1.85 
6-32 (10) 10-47 (20) 

SLA• 18 ± 4. 6 22 ± 4.3 
2-54 (11) 0-69 (21) 

NSBL 4.0 ± 0.69 3. 0 ± 0.30 
1-9 (11) 0-5 (21) 

NSBD 1.1 ± 0. 39 1. 3 ± 0.38 
0-4 (11) 0-7 (21) 

TNSB 5 .1 ± 0.55 4.3 ± 0.37 
3-9 (11) 3-10 (21) 

TASB 1. 99 ± 1.11 3.02 ± 0.68 
0.41-7.45 (6) 1.26-6.98 (10) 

NL 65.5 ± 2.43 64.4 ± 2.21 
54-78 (11) 49-82 (21) 

NW 50.1 ± 2.76 44.5 ± 1. 55 
39-68 (11) 30-56 (21) 

NH 38.2 ± 3.06 38.1 ± 2.18 
24-52 (11) 26-74 (21) 

NCIR 106.3 ± 8.35 94.3 ± 4. 91 
76.9-167.3 (11) 54.1-136.8 (21) 

CL 26.9 ± 1.06 26.7 ± 0. 71 
21-32 (9) 21-36 (20) 

cw 22.9 ± 0. 77 23.7 ± 0.58 
20-27 (9) 18-29 (20) 

CH 9.2 ± 0.70 8. 8 ± 0.48 
7-11 (6) 6-13 (16) 

CCIR 19.6 ± 1. 09 20.2 ± 0.99 
13.9-22.9 (9) 11. 9-33 .2 (20) 

NC 1. 3 ± 0.21 1. 3 ± 0.14 
0-2 (10) 0-2 (21) 

PRO 1.27 ± 0.27 1.48 ± 0.20 
0-2 (11) 0-3 (21) 

•variables log-transformed for one-way Analysis of Variance (one-way ANOVA). 
bone-way ANOVA F values. 
°Kruskal-Wallis test X' values (x' approximation). 

and rural sites. Nest site results DO NOT INCL~E nests 

One-way ANOVAb 
RURAL NEST SITES Kruskal-Wallis test 0 

Mean ± SE 
Range (N) F/x' p 

54 ± 4.2 1.184b 0.315 
36-105 (17) 

21.09 ± 0. 9 9xy 3. 6 99b 0.033 
14.17-28.65 (16) 

17.06 ± 0.94 1. 2 75b 0.289 
9.11-23.12 (16) 

80.7 ± 2.21 1. 021 b 0.369 
64.3-95.1 (16) 

1. 88 ± 0.49 1. 709b 0.193 
0.0-6.62 (16) 

15.5 ± 0.95 2. 531 b 0.091 
10-24 (16) 

21 ± 6.3 0. 3 5 0° 0.840 
0-75 (15) 

3.4 ± 0.20 1. 215° 0.545 
2-5 (16) 

1. 2 ± 0. 29 0 .11 7° 0.943 
0-3 (16) 

4.6 ± 0.26 4.065° 0 .131 
3-7 (16) 

2.30 ± 0.33 3. 970° 0 .137 
0.93-5.50 (13) 

61. 3 ± 2.30 0.761b 0 .473 
42-75 (16) 

47.8 ± 1.85 2. 079b 0.137 
32-64 (16) 

36.4 ± 2.50 0.168b 0.846 
16-55 (16) 

94.9 ± 6.13 0.981b 0.383 
43.0-145.2 (16) 

26.8 ± 0.60 0. 014b 0.986 
23-30 (15) 

22.6 ± 0.79 0. 763b 0.473 
16-27 (15) 

9.0 ± 0.66 0 .109b 0.897 
6-13 (12) 

19.3 ± 0.96 0 .196b 0.823 
11.9-25.5 (15) 
1.4 ± 0.20 0 • 044 C 0.978 

0-3 (16) 
1.47 ± 0.23 0. 3 0 8° 0.857 

0-3 (17) 

x'Values followed by the same superscript letter x or Y, are not significantly different at the P s 0.05 level. 

on 
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Table 5. Red-tailed hawk reproductive success for 1989-94 for the metropolitan Milwaukee area. 

Nesting Young/nest Reproductive Success 

Yr attempts Failures nest success (%) 1 2 3 Aa Bb 

1989 59 11 81.4 20 24 4 1.36 1.67 

1990 85 21 75.3 19 39 6 1.35 1.80, 

1991 92 16 82.6 33 40 3 1.33 1.61 

1992 83 9 89.2 24 45 5 1.55 1.74 

1993 52 16 69.2 16 17 3 1.13 1.64 

1994 55 4 92.7 13 22 16 1.91 2.06 

Total 426 77 81.9 125 187 37 1.43 1.75 

)'Dung/active nest. 

byoung/successful nest. 
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Table 6. Nest substrate data for 89 nest sites. Relative frequencies are based on 84 0.04-ha plots. Total area sampled (A) = 3.36 ha. 

Nest Substrate Number used as Present in Relative Expected Frequency 
(Tree Species) nest substrate how many plots Frequency Frequency in 89 plots 

G;) (t:) (R~) 

white oak (Quercus alba) 10 14 0.1667 0.0741 6.5926 
burr oak (Q. macrocarpa) 14 15 0.1786 0.0794 7.0635 
red oak (Q. borealis) 13 20 0.2381 0.1058 9.4180 
white ash (Fraxinus americana) 5 13 0.1548 0.0688 6.1217 
green ash (F. pennsylvanica) 19 20 0.2381 0.1058 9.4180 
black ash (F. nigra) 3 12 0.1429 0.0635 5.6508 
willow spp. (Salix spp.) 4 6 0.0714 0.0317 2.8254 
beech (Fagus grandifolia) 2 3 0.0357 0.0159 1.4127 
shagbark hickory (Carya ovata) 2 7 0.0833 0.0370 3.2963 
sugar maple (Acer saccharum) 2 15 0.1786 0.0794 7.0635 
silver maple (A. saccharinum) 2 5 0.0595 0.0265 2.3545 
red maple (A. rub ram) 0 3 0.0357 0.0159 1.4127 
box elder (A. negundo) 1 3 0.0357 0.0159 1.4127 
basswood (Tilia americana) 2 10 0.1190 0.0529 4.7090 
catalpa (Catalpa bignonioides) 1 0.0119 0.0053 0.4709 
yellow birch (Betula lutea) 1 1 0.0119 0.0053 0.4709 
American elm (Ulmus americana) 0 7 0.0833 0.0370 3.2963 
slippery elm ( U fulva) 1 8 0.0952 0.0423 3.7672 
cottonwood (Populus deltoides) 1 2 0.0238 0.0106 0.9418 
butternut (Jug/ans cinerea) 0 2 0.0238 0.0106 0.9418 
black walnut (J nigra) 0 1 0.0119 0.0053 0.4709 
black cherry (Prunus seotina) 0 2 0.0238 0.0106 0.9418 
ironwood (Carpinus carolinia) 0 3 0.0357 0.0159 1.4127 
white pine (Pinus strobus) 1 1 0.0119 0.0053 0.4709 
snag 0 10 0.1190 0.0529 4.7090 
powerline 4 4 0.0476 0.0212 1.8836 
billboard 1 1 0.0119 0.0053 0.4709 

sum 89 189 2.25 1 89 



30 

Table 7. Comparison of nest habitat variables (0.04-ha circular plot, 11.3-m radius) for urban, 
habitat results DO NOT INCLUDE nests on artificial substrates. 

URBAN NEST SITES SUBURBAN NEST SITES 

Mean ± SE Mean ± SE 
Range (N) Range (N) 

PERSLOP 2.7 ± 1. 75xy 3.6 ± 0. 86x 
0-10 (7) 0-16 (21) 

CANHT 18.7 ± 0.97 20.3 ± 0.65 
14.3-21.3 (7) 15.0-25.9 (21) 

PCANHT 86.6 ± 4.36 87.9 ± 2.21 
67.2-103.4 (7) 66.7-109.6 (21) 

NOSPTREE 2.3 ± 0.52 2.1 ± 0.17 
1-4 (7) 1-4 (21) 

NOTREES" 10.0 ± 1. 63 7.6 ± 1.16 
2-15 (7) 1-22 (21) 

DBHLT25 2.0 ± 0.98 1. 8 ± 0.79 
0-6 (7) 0-11 (21) 

DBH2550 6.7 ± 1. 57 4.4 ± 1.05 
2-13 (7) 0-20 (21) 

DBHGT50 1.1 ± 0.55 1.4 ± 0.29 
0-4 (7) 0-4 (21) 

BASAL 107.53 ± 15.05 104.61 ± 7.83 
23.24-140.42 (7) 42.96-181.95 (21) 

PCANTOT 48.6 ± 8.13 57.7 ± 5.23 
5.0-70.0 (7) 10.0-92.5 (21) 

PUNDTOT 60.4 ± 10.33 73.8 ± 4.17 
5.0-92.5 (7) 37.5-97.5 (21) 

PGRNDTOT 60.4 ± 13. 56 52.4 ± 5.71 
7.5-100.0 (7) 10.0-100.0 (21) 

NOSPSHRB 4.6 ± 0. 95x 7.4 ± 0. 56Y 
1-8 (7) 4-12 (21) 

UND14 48.3 ± 9.6lxy 72 .6 ± 8. 67x 
0-78 (7) 15-183 (21) 

UND58 5.7 ± 1. 77 4.5 ± 0.93 
0-11 (7) 0-17 (21) 

UNDGT9 1.1 ± 0.51 0.6 ± 0.23 
0-3 (7) 0-4 (21) 

SHRUBDEN" 162.3 ± 55.32 201.3 ± 36.77 
0-416 (7) 2-606 (21) 

SHRUBIND" 298.7 ± 95.28 498.5 ± 72. 86 
0-722 (7) 33-1466 (21) 

DENBD003 45.6 ± 8.59 48 .4 ± 2.52 
0-60 (7) 25-60 (21) 

DENBD03 92.1 ± 18.05 91.4 ± 9.48 
0-138 (7) 1-140 (21) 

DENBD12 102.7 ± 23.01 119 .5 ± 14.54 
0-179 (7) 0-200 (21) 

DENBD23 106.9 ± 21.80 114.8 ± 13.36 
0-190 (7) 9-199 (21) 

•variables log-transformed for one-way Analysis of Variance (one-way ANOVA). 
bone-way ANOVA F values. 
"Kruskal-Wallis test X' values (x' approximation). 

RURAL NEST SITES 

Mean ± SE 
Range (N) 

1. 0 ± 0 .46' 
0-6 (15) 

18.5 ± 0.78 
12.6-23.3 (14) 

88.5 ± 2.69 
64.8-102.0 (14) 
2.0 ± 0.28 

1-4 (15) 
8.6 ± 1. 67 

1-20 (15) 
2.7 ± 0.79 

0-11 (15) 
5.1 ± 1.47 

0-15 (15) 
0.9 ± 0.24 

0-3 (15) 
94.64 ± 12.51 
25.47-195.88 (15) 
53.2 ± 7.19 
17.5-100.0 (15) 

59.3 ± 5.82 
17.5-95.0 (15) 

67.0 ± 7.25 
10.0-100.0 (15) 
4.5 ± 0. 34x 

0-11 (15) 
40.9 ± 9. 32Y 

0-113 (15) 
4.6 ± 1. 03 

0-15 (15) 
0.8 ± 0.31 

0-4 (15) 
116. 9 ± 30.02 

0-312 (15) 
289.9 ± 68.30 

0-940 (15) 
43.9 ± 4.89 

5-60 (15) 
77.3 ± 12.63 

1-135 (15) 
81. 7 ± 16.96 

0-173 (15) 
80.5 ± 16.78 

0-168 (15) 

suburban and 

x'Values followed by the same superscript letter x or Y, are not significantly different at the P s 0.05 level. 

rural sites. NEjsting 

One-way ANOVAb 
Kruskal-Wallis test" 

F/X' p 

6. 076° 0.048 

2. 005b 0.148 

0. 076b 0. 927 

0. 52 6° 0.769 

0.582b 0.564 

2. 81 7° 0.245 

2. 2 72° 0.321 

1.491° 0.475 

0.342b 0. 713 

0. 3 92b 0.678 

2. 28 Qb 0 .116 

1.165b 0.322 

5.640b 0.007 

6.420° 0. 040 

0.443° 0.801 

1.065° 0.587 

2. 003b 0.148 

2. 5oob 0.095 

0 .13 6° 0.934 

1.059° 0.589 

3.054° 0. 217 

22.397° 0.302 
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Table 8, Comparison of nest macrohabitat variables for urban, suburban and rural sites. Macrohabitat results INCLUDE nests on 
artificial substrates. 

URBAN NEST SITES SUBURBAN NEST SITES 

Mean± SE Mean± SE 
Range (N) Range (N) 

DISFOROP 5.5 ± 3.12 21.4 ± 6.17 
0-34 (14) 0-62 (18) 

WATER" 235 ± 79.9 291 ± 72.4 
5-984 (15) 11-1008 (19) 

WDEDG 12 ± 4.5 28 ± 7.0 
0-34 (10) 0-110 (19) 

WDAREA" 9.93 ± 4.19 8.53 ± 1. 27 
0.3-45.4 (11) 2.5-20.2 (20) 

WDPERIM" 1550 ± 4 03. 0 1425 ± 137.0 
288-3936 (11) 768-2688 (20) 

HEDGTOT 7619 ± 1087x 10506 ± 995xy 
2208-16080 (15) 1920-18432 (22) 

DISHEDG 284 ± 80.8 165 ± 27.9 
0-970 (15) 0-576 (22) 

MNBLGDIS 224 ± 17.7' 322 ± 35 .4Y 
68-341 (15) 79-759 (22) 

MNAREA" 17.10 ± 2. 35x 40.89 ± 8. 35x 
1.5-36.5 (15) 2.0-181.0 (22) 

NRES" 117 ± 10. 6' 240 ± 26. lY 
30-178 (15) 86-533 (22) 

NIND" 348 ± 69. 3x 397 ± 72. lx 
48-1080 (15) 62-1166 (22) 

NBLDNG" 106 ± 11.3' 180 ± 15. OY 
30-178 (15) 62-293 (22) 

NROAD" 114 ± 14. 9x 218 ± 2 8. SY 
24-197 (15) 53-518 (22) 

NACTNST" 2743 ± 319.3' 1780 ± 12 0. 9Y 
1327-4968 (15) 799-2904 (20) 

BWIND 18.3 ± 1. 36x 28.8 ± 1.03' 
8-27 (15) 21-40 (21) 

•variables log-transformed for one-way Analysis of Variance (one-way ANOVA). 
hone-way ANOVA F values. 
"Kruskal-Wallis test x' values (x' approximation). 

One-way ANOVAb 
RURAL NEST SITES Kruskal-Wallis testc 

Mean± SE 
Range (N) F/X' p 

14.7 ± 7.00 3. 72 7° 0.155 
0-106 (15) 

241 ± 87.8 0. 497b 0.612 
0-662 (9) 

21 ± 7.4 2 .075° 0.354 
0-106 (15) 

9.39 ± 2.99 0 .164b 0.850 
0.3-39.5 (15) 

1715 ± 440.9 0. 34 8b 0.708 
307-6816 (15) 

12053 ± 981' 4.258b 0.019 
3984-18720 (18) 
127 ± 23.4 0. 96 0° 0.619 

0-326 (18) 
455 ± 2 9. 9' 12.607b <0.001 

150-692 (18) 
62.18 ± 7. 27Y 9. 004b <0.001 

7.1-127.5 (18) 
289 ± 34. 3Y 11. 327b <0.001 

67-571 (18) 
743 ± 97 .2Y 6. 915b 0.002 

187-1375 (17) 
272 ± 33. 0" 12.620b <0.001 

67-571 (18) 
322 ± 48. SY 8. 2 92b 0.001 

38-878 (18) 
1316 ± 165.5' 11. 322b <0.001 

403-2246 (15) 
26.2 ± 1.26' 19.304b <0.001 

19-37 (18) 

xy'Values followed by the same superscript letter x, Y or ', are not significantly different at the P s 0. 05 level. 



Table 8. (Continued). 

URBAN NEST SITES 

Mean± SE 
Range (N) 

706.9-ha nest macrohabitat area (1.5-km radius). 

NGFS150 67.20 ± ll .14x 
0.0-146.3 (15) 

NFOR150 39.30 ± 6. 26x 
0.0-94.0 (15) 

TNW150 111.27 ± 13.52x 
16.3-190.2 (15) 

AG150 11. 69 ± 4. osx 
0.0-48.8 (15) 

IND150 273.85 ± 35. 34x 
56.6-499.1 (15) 

RESlso· 310.00 ± 31. 2ax 
153.4-537.2 (15) 

DEV150 583.85 ± 15. sax 
500.5-690.6 (15) 

UNDEV15 122.95 ± 15. sax 
16.3-206.4 (15) 

19.6-ha nest macrohabitat area (0.25-km radius) . 

NGFS25 4.77 ± 1. 38 
0.0-17.2 (15) 

NFOR25 4.83 ± 1.19 
0.0-13.3 (15) 

TNW25 9.76 ± 1. 68" 
0.0-17.7 (15) 

AG25 0.17 ± 0.1 r 
0.0-2.6 (15) 

IND25 5.24 ± 1. 68x 
0.0-18.9 (15) 

RES25 4.43 ± 1.16" 
0.7-19.0 (15) 

DEV25 9.67 ± 1. 67" 
1.9-19.6 (15) 

UNDEV25 9.93 ± 1. 67" 
0.0-17.7 (15) 
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SUBURBAN NEST SITES 

Mean± SE 
Range (N) 

137.23 ± 8.57Y 
70.0-231.9 (22) 

77.82 ± 7.56Y 
31.1-178.9 (22) 

221.07 ± 10.68Y 
123.7-329.4 (22) 

128.05 ± 14.75Y 
20.5-310.3 (22) 

180.45 ± 18.94Y 
39.6-354.2 (22) 

177.27 ± 15.65Y 
21. 9-331. 5 (22) 

357.72 ± 16.04Y 
222.0-473.6 (22) 

349.11 ± 16.03' 
232.6-484.2 (22) 

4. 37 ± 0.76 
0.0-13.3 (22) 

6.06 ± 0.72 
0.0-15.2 (22) 

10.62 ± 0 . 9 7"' 
2.6-18.8 (22) 

3.89 ± 1. 0SY 
0.0-15.6 (22) 

3.14 ± 0. 96x 
0.0-16.2 (22) 

1. 96 ± 0. S6Y 
0.0-9.1 (22) 

5.10 ± 0. 97Y 
0.0-16.2 (22) 

14. 51 ± 0. 97Y 
3.4-19.6 (22) 

•variables log-transformed for one-way Analysis of Variance (one-way ANOVA). 
bone-way ANOVA F values. 
"Kruskal-Wallis test X' values (X' approximation). 

RURAL NEST SITES 

Mean± SE 
Range (N) 

141.18 ± 22.77Y 
24.7-312.5 (18) 

103.80 ± 9.70" 
43.1-187.3 (18) 

253.11 ± 29.22Y 
81.3-457.4 (18) 

309.74 ± 30.76' 
108.2-534.4 (18) 

53.57 ± 9.77' 
0.0-123.0 (18) 

90.68 ± 9.60' 
25.5-173.2 (18) 

144.25 ± 10.91" 
43.8-204.3 (18) 

562.85 ± 10.92' 
503.3-663.8 (18) 

4.53 ± 1. 34 
0.0-18.5 (18) 

5. 91 ± 1.05 
0.3-14.1 (18) 

10.44 ± 1. 49' 
1.3-19.6 (18) 

7.76 ± 1. 53' 
0.0-18.2 (18) 

0.46 ± 0 .2SY 
0.0-3.5 (18) 

0.93 ± 0.45Y 
0.0-6.4 (18) 

1. 39 ± 0. 47' 
0.0-6.4 (18) 

18.21 ± 0. 47' 
13.3-19.6 (18) 

One-way ANOVAb 
Kruskal-Wallis test" 

F/X' p 

6. 707b 0.003 

14. 007b <0.001 

13.166b <0.001 

40.587° <0.001 

23. 117b <0.001 

25. 905b <0.001 

199.671b <0.001 

199. 926b <0.001 

0.413° 0.813 

1. 52 8° 0.466 

0.067° 0.967 

21.171° <0.001 

10. 263° 0.006 

15.160° 0.001 

20.895° <0.001 

20.512° <0.001 

xyzvalues followed by the same superscript letter x, Y or ', are not significantly different at the P s o. 05 level. 
"Values followed by the same superscript letter• or', are statistically identical at the P ~ 0.95 level. 
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Table 9. Summary of stepwise discriminant function analysis for urban, suburban 
and rural nest sites (excludes nests on artificial substrates). 

Discriminant function 

Eigenvalue 
Percentage of eigenvalue 

associated with function 
Canonical correlation 
Chi-square statistic 
Significance 
Degrees of freedom 

I 

1.114 

56.8 
0.726 

48.3 
P < 0.001 

16 

Standardized canonical discriminant function coefficients 

NOSPSHRB 
HEDGTOT 
NIND 
NACTNST 
NW 
PERSLOP 
NROAD 
NRES 

-0.63616 
0.62478 
0.45394 

-0.44231 
0.38268 

-0.20795 
0.18214 
0.02330 

II 

0.846 

43.2 
0.677 

21.8 
P = 0.002 

7 

0.72381 
-0.19083 
-0.05045 
-0.36389 
-0.80526 
0.45425 
0.36542 
0.49550 
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Table 10. Classification results of discriminant analysis for urban, suburban 
and rural nest site characteristics. 

Predicted group membership 

Actual group N 1 2 3 

Urban 7 6 1 0 

85.7% 14.3% 0.0% 

Suburban 21 1 18 2 

4.8% 85.7% 9.5% 

Rural 14 0 1 13 

0.0% 7.1% 92.9% 

Percent of "grouped" cases correctly classified: 88.1 % 



NW 

w 

SW 

Direction of Nest 
Tree Exposure 

N 

s 

NE NW 

E W 

SE SW 

35 

Direction of Best Access 
into the Nest 

N 

s 

NE 

E w 

SE 

NW 

SW 

Slope 
Aspect 

N 

s 

Figure 1. Directional exposure and access at red-tailed hawk nest sites in southeast Wisconsin. 
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Figure 2. Scatterplot for discriminant analysis indicating the distributions for urban 

(1 ), suburban (2) and rural (3) nest sites ( * indicates a group centriod). 
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Appendix A. Summary of Data for Overstory Stratum Plot Sampling in the Metropolitan Milwaukee Area. Values are based on 78 0.04-ha plots. 
Total area sampled (A) = 3.12 ha. 

Present in 
Nest Substrate Number of Relative How Many Relative Total Area Relative Importance 
(Tree Species) Individuals Density Density Plots? Frequency Frequency covered Coverage Cover,ge Value 

(i) (n) (D) (RD) G) (0 (RO (ai, m2) (Ci,m2/ha) (RC) (IV) 

white oak (Quercus alba) 58 18.5897 0.0908 14 0.1795 0.0765 8.4360 2.7039 0.108f'.1. 0.2756 
burr oak (Q. macrocarpa) 31 9.9359 0.0485 15 0.1923 0.0820 10.0293 3.2145 0.128a 0.2593 
red oak (Q. borealis) 52 16.6667 0.0814 20 0.2564 0.1093 10.5390 3.3779 0.1354 0.3260 
white ash (Fraxinus americana) 22 7.0513 0.0344 13 0.1667 0.0710 3.4281 1.0988 0.0440 0.1495 
green ash (F. pennsylvanica) 107 34.2949 0.1674 20 0.2564 0.1093 9.9501 3.1891 0.127S 0.4045 
black ash (F. nigra) 40 12.8205 0.0626 12 0.1538 0.0656 4.0471 1.2972 0.0520 0.1802 
willow spp. (Salix spp.) 36 11.5385 0.0563 6 0.0769 0.0328 5.1606 1.6541 0.0663 0.1554 
beech (Fagus grandifolia) 28 8.9744 0.0438 3 0.0385 0.0164 2.3312 0.7472 0.029~ 0.0902 
shagbark hickory (Carya ovata) 19 6.0897 0.0297 7 0.0897 0.0383 1.4588 0.4676 0.0187 0.0867 
sugar maple (Acer saccharum) 46 14.7436 0.0720 15 0.1923 0.0820 5.0087 1.6054 0.0643 0.2183 
silver maple (A. saccharinum) 17 5.4487 0.0266 5 0.0641 0.0273 3.6710 1.1766 0.0472 0.1011 
red maple (A. rub ram) 8 2.5641 0.0125 3 0.0385 0.0164 0.7209 0.2310 0.0093 0.0382 
box elder (A. negundo) 24 7.6923 0.0376 3 0.0385 0.0164 1.7098 0.5480 0.0220 0.0759 
basswood (Tilia americana) 41 13.1410 0.0642 10 0.1282 0.0546 3.5047 1.1233 0.0450 0.1638 
catalpa (Catalpa bignonioides) 18 5.7692 0.0282 1 0.0128 0.0055 1.8379 0.5891 0.0236 0.0572 
yellow birch (Betula lutea) 12 3.8462 0.0188 1 0.0128 0.0055 0.5681 0.1821 0.0073 0.0315 
American elm (Ulmus americana) 24 7.6923 0.0376 7 0.0897 0.0383 1.0153 0.3254 0.0130 0.0889 
slippery elm (U fulva) 16 5.1282 0.0250 8 0.1026 0.0437 1.1117 0.3563 0.014$ 0.0830 
cottonwood (Populus deltoides) 17 5.4487 0.0266 2 0.0256 0.0109 1.8830 0.6035 0.024t 0.0617 
butternut (Jug/ans cinerea) 3 0.9615 0.0047 2 0.0256 0.0109 0.1165 0.0373 0.0015 0.0171 
black walnut (J. nigra) 1 0.3205 0.0016 1 0.0128 0.0055 0.0817 0.0262 0.0010 0.0081 
black cherry (Prunus seotina) 3 0.9615 0.0047 2 0.0256 0.0109 0.0872 0.0279 0.001 i 0.0167 
ironwood (Carpinus carolinia) 3 0.9615 0.0047 3 0.0385 0.0164 0.0829 0.0266 0.0011 0.0222 
snag 13 4.1667 0.0203 10 0.1282 0.0546 1.0769 0.3452 0.0138 0.0888 

sum 639 204.3077 1.0000 183 2.3462 1.0000 77.8566 24.9540 1.000(]) 3.0000 


