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SPATIAL ECOLOGY OF WINTING ACCIPITER HAWKS: HOME RANGE,
HABITAT USE, AND THE INFLUENCE OF BIRD FEEDERS

TimotHY C. RotH II!, WiLLIAM E. VETTER, AND STEVEN L. LIMA
Department of Biology, Indiana State University, Terre Haute, IN 47809

Abstract. Despite their likely ecological importance, the basic biology of Cooper’s (Accipiter cooperii) and
Sharp-shinned (4. striatus) Hawks remains poorly understood. This is particularly true during the winter, when
even basic information on the spatial ecology of these species is largely unknown. Thus, we characterized the
home range size and habitat chosen by these species as part of a larger study on wintering Accipiter hawks. We also
compared our findings of bird feeder use by Cooper’s Hawks to our previously published study on Sharp-shinned
Hawks. During the winters of 1999-2004, we intensively radio-tracked 21 Sharp-shinned Hawks and six Cooper’s
Hawks in rural areas, and eight Cooper’s Hawks in urban areas. We found that Sharp-shinned Hawks and Coo-
per’s Hawks in rural areas used significantly larger areas than did Cooper’s Hawks in urban areas, and that adult
hawks generally used smaller areas than immature individuals. Habitat use by Cooper’s Hawks and Sharp-shinned
Hawks in rural areas was nearly identical and focused mostly on forested and grass habitat types. Cooper’s Hawks
in urban areas focused disproportionately on grassy areas such as parks in addition to residential areas. All hawks
avoided very open areas such as fallow agricultural fields. We observed no systematic use of bird feeders by Cooper’s
Hawks. In fact, visits by Cooper’s Hawks to feeders were not statistically different from that expected by a null
model based on random feeder visitations, a result consistent with our work on Sharp-shinned Hawks and the idea
of “prey management” by Accipiter hawks.

Keywords:  bird feeders, Cooper’s Hawks, home range, predator-prey interactions, radio-tracking, raptors,
Sharp-shinned Hawks.

Ecologia Espacial de los Halcones Accipiter Durante el Invierno: Ambito de Hogar,
Uso de Habitat e Influencia de los Comederos de Aves

Resumen. La biologia basica de los halcones Accipiter cooperii y A. striatus permanece ain escasamente
conocida, a pesar de su probable importancia ecoldgica. Esta es especialmente desconocida durante el invierno,
cuando inclusive informacion tan basica como la ecologia espacial de estas especies no se conoce en gran medida.
Por esta razon, caracterizamos el tamafio del ambito de hogar y el tipo de habitat escogido por estas especies como
parte de un estudio mayor sobre halcones del género Accipiter durante el invierno. También comparamos nuestros
resultados sobre el uso de comederos de aves por parte de 4. cooperii con nuestro estudio publicado anteriormente
sobre A. striatus. Durante los inviernos de 1999 a 2004, utilizando radio-telemetria seguimos intensamente a 21
individuos de A4. striatus y 6 de A. cooperii en areas rurales y 8 individuos de 4. cooperii en areas urbanas. En-
contramos que A4. striatus 'y A. cooperii utilizaron areas significativamente mayores que 4. cooperii en las areas
urbanas, y que los individuos adultos utilizaron generalmente areas de menor tamafio que los individuos inmadu-
ros. El uso de habitat por A. striatus 'y A. cooperii en areas rurales fue casi idéntico, concentrandose en los tipos de
habitat de bosque y pastizal. En las 4reas urbanas, 4. cooperii se concentr6 desproporcionadamente en las areas
con césped como parques o areas residenciales. Todos los halcones evitaron areas muy abiertas, como campos
agricolas no plantados. No observamos un uso sistematico de los comederos por parte de A. cooperii. De hecho,
las visitas de 4. cooperii a los comederos no fueron estadisticamente diferentes de lo esperado por un modelo nulo
basado en visitas al azar a los comederos. Este resultado es consistente con nuestro trabajo sobre 4. striatus y con
la idea de “manejo de presas” por parte de los halcones del género Accipiter.

INTRODUCTION

Cooper’s (Accipiter cooperii) and Sharp-shinned (4. striatus)
Hawks are key avian predators in the North American land-
scape. As two of the primary predators of small birds, these
hawks play an important role in many studies of behavioral
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ecology (Lima 2002). In addition, they are considered to
be threatened or species of special concern in many areas
(Rosenfield and Bielefeldt 1993, Bildstein and Meyer 2000).
However, despite their ecological importance and con-
servation status, we still know relatively little about these
species.
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Our understanding of basic Accipiter biology has, how-
ever, increased considerably in recent years, with several
studies having focused on the long-term breeding success
and population trends of these hawks. For example, work in
Wisconsin (Rosenfield et al. 1995, 2000, Rosenfield and Biele-
feldt 1999), Arizona (Boal 1997, Boal et al. 1998, Boal and
Mannan 1999, Mannan et al. 2004), and elsewhere in North
America (Reynolds and Meslow 1984, Kennedy and Johnson
1986) has added much to our understanding of reproduction,
migration, and diet of Cooper’s Hawks during the breeding
season. In addition, many behaviorally oriented studies in Eu-
rope have focused on the Sparrowhawk (4. nisus), both dur-
ing the breeding (Newton 1986), but particularly during the
nonbreeding, season (Cresswell 1994, 1996, Whitfield et al.
1999, Cresswell et al. 2003, Cresswell and Quinn 2004, Quinn
and Cresswell 2004). In accordance with these behavioral
studies, we have recently examined several behavioral as-
pects of wintering Cooper’s and Sharp-shinned Hawks, in-
cluding diet (Roth and Lima 2003, 2006, Roth et al. 2000),
predatory behavior (Roth and Lima 2003, 2007a, 2007b, Roth
etal. 2006), and survival (Roth et al. 2005). However, there is
still little general information on the spatial ecology of these
species, especially during the winter.

One componentofthe spatial ecology of wintering Accipiter
hawks that has received some attention is the use of bird
feeders. Both Cooper’s and Sharp-shinned Hawks are thought to
focus their hunting around feeders (Dunn and Tessaglia 1994),
giving a new connotation to the term “bird feeder.” It has been
hypothesized that the increase in feeders in the northeastern
United States may partially be responsible for the observed de-
crease in migration counts of these species at banding stations
farther south (Viverette et al. 1996). The apparent importance of
feeders, however, may reflect the fact that humans are most likely
to see these hawks at bird feeders. In a previous study (Roth and
Lima 2007a), we found that Sharp-shinned Hawks did not hunt
at bird feeders more often than what would be expected by a
random null model, possibly the consequence of hunting behav-
iorally responsive prey. However, similar analyses of Cooper’s
Hawk behavior have not yet been published.

Here, we further characterize the spatial ecology of win-
tering Sharp-shinned and Cooper’s Hawks to expand upon our
previous work with these hawks. We report the home range
size and habitat use of these species, which have not yet been
examined during the winter. In addition, we examined the use
of bird feeders by Cooper’s Hawks, for comparison with our
previous work on Sharp-shinned Hawks.

METHODS
STUDY SITE

Our study site comprised Vigo County, Indiana, and adjacent
Clark County, Illinois, and contained both rural and urban ar-
eas. The urban area was centered on the city of Terre Haute,
Indiana (population ~60 000), and covered approximately
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100 km?. The composition of the urban study site was approx-
imately 30% high-density residential and commercial (>14
buildings per block) and 70% low-density residential areas
(<14 buildings per block; Topologically Integrated Geographic
Encoding and Referencing data, U.S. Census Bureau, Geog-
raphy Division, data for the year 2000). Here, we focused on
Cooper’s Hawks during the winters (late November through
early March) of 19992001, although an additional Cooper’s
Hawk was followed in the city during the 20032004 season.
While we attempted to study Sharp-shinned Hawks in the ur-
ban area, very few were seen there and none were captured.

The rural area of our study site was immediately to the
southwest of the urban site. This landscape consisted of resi-
dential clusters, agricultural land, and fragmented forest. The
rural area covered approximately 1000 km?, although most
hawks were radio-tracked in a core area of about 100 km?.
Here, we focused mainly on Sharp-shinned Hawks during
the winters (late November through early March) of 2001—
2004, but we also radio-tracked a smaller number of Cooper’s
Hawks during the winters of 1999-2004.

CAPTURE AND RADIO-TRACKING

Trapping was conducted from late November to late January
in all years (1999-2004). Constantly monitored bal-chatri
traps (Berger and Mueller 1959) and bow nets were baited
with European Starlings (Sturnus vulgaris) and House Spar-
rows (Passer domesticus; Roth and Lima 2003). Traps were
positioned in potential roost locations as well as in high-
visibility areas such as fields, roadsides, and power line cor-
ridors in the rural site, and parking lots, cemeteries, and recre-
ational parks in the city.

All hawks were observed using radio-telemetry. Upon
capture, hawks were fitted with aluminum U.S. Fish and Wild-
life Service bands and appropriately sized position-sensitive
transmitters (Holohil Systems Ltd., Carp, Ontario, Canada)
using the pelvic harness of Rappole and Tipton (1994), mod-
ified by Roth and Lima (2003). Transmitters and harnesses
were usually <2% and always <3% of the total body mass of
the hawk. Hawks were radio-tracked daily for at least 2 hr (but
frequently for up to 10 hr) using vehicles and yagi antennae.
Due to the frequent vehicular traffic associated with the mod-
erate to intense level of human activity throughout the study
site, it is unlikely that the presence of our vehicles disturbed
the hawks.

One of the main goals of our radio-tracking was to ob-
serve hawk behavior, so we attempted to maintain visual
contact with the hawks as much as possible. As such, we
recorded the locations of hawks in 10 min intervals, thus
creating a standardized time between observations (“step dis-
tances”; Turchin 1998). This data collection technique gave
us an accurate view of spatial use (Kenward 1997, De Solla
et al. 1999) that was not biased due to detectability. Repeated
observations of an individual may raise the level of pseudo-
replication of points (Swihart and Slade 1985); however, all
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of our analyses are based on the statistical unit of the individ-
ual hawk, thus alleviating the problems with point pseudo-
replication. Our spatial resolution (when hawks were not
in view), based on the calculation of tracking and mapping
errors (White and Garrott 1990), was 50 m (TCR, unpubl.
data).

SPATIAL ANALYSES

Home range estimates. We used ArcView 3.2 and the Animal
Movements extension (Hooge and Eichenlaub 1997) to calcu-
late 95% least squares cross-validated kernel home range es-
timates (Worton 1989). These estimates were log transformed
and analyzed with a general linear model to determine the
effect of statistical group (see below), age, and sex on home
range size. Fisher’s LSD post-hoc tests were used to distin-
guish significance between the different groups. Since there
were very few Sharp-shinned Hawks in our urban study area
(Roth et al. 2005), we could not run a full model of species and
habitat preferences; instead, we compared statistical groups
as Sharp-shinned Hawks, Cooper’s Hawks observed pre-
dominantly in the rural study area (hereafter, rural Cooper’s
Hawks), and Cooper’s Hawks observed predominantly in the
urban area (hereafter, urban Cooper’s Hawks). The number of
days that hawks were radio-tracked was used as a covariate,
although only hawks followed for >27 days were included in
this analysis. Although migratory status (migratory or resi-
dent) may influence spatial use, we were unable to examine
this factor in Cooper’s Hawks, since we could determine the
status of only seven of the 14 hawks fitted with transmitters
(two migratory, five resident; Roth et al. 2005). All of the
Sharp-shinned Hawks in our study were migratory as they do
not breed in our study area (Bildstein and Meyer 2000), hence
no resident vs. migrant comparison could be made.

Habitat analysis. Basic habitat use was determined by
the overlap of points at which hawks were observed (“hawk
points”) with five habitat categorizations based on vegeta-
tion cover from the Indiana Gap Analysis Program as derived
from Landsat images. We use the term ‘habitat’ as a broad
categorization of many possible vegetation types that are gen-
erally found in a particular area. Habitat was classified as: 1)
residential: houses, industry, and other developed areas; 2)
forest: trees with a closed canopy; 3) grass: pasture and fal-
low fields; 4) agriculture: bare earth or agricultural field >50
m from a transition with another habitat type; and 5) edge: a
50 m border around an agricultural field. We included agri-
cultural edge as a distinct category because it is an abundant
and distinct habitat type consisting of transitional grasses and
thickets that is frequently used by species taken as prey by
Accipiter hawks (Roth et al. 2006). Other transition zones
(e.g., forest to grass) are far less abundant and not commonly
used by the prey of Accipiter hawks.

We compared the percentage of observed hawk points in
each habitat type with the percentage of available habitat using

a compositional analysis (Aebischer et al. 1993). To assess
broad habitat preferences at a landscape scale, we used the
entire study site as our area of interest to calculate available
habitat. Since urban Cooper’s Hawks had already chosen ur-
ban habitat (by definition), we also performed this analysis
at a smaller scale (within the city of Terre Haute, Indiana) for
these hawks. In both cases, the study site for comparison was
arbitrarily designated as a square that enclosed all hawk points
and 97% of urban hawks, respectively. The focal square for
the entire study site contained all hawk home ranges and cov-
ered an area roughly the size of Vigo County (approximately
1300 km?), while the focal square for the urban area cov-
ered most of the city of Terre Haute and its southern suburbs
(approximately 120 km?). The hawks’ positions and the percent-
age of available habitat were determined using ArcView 3.2.
The compositional analysis was performed using the ‘adeha-
bitat” package (Calenge 2006, 2008) for R (R Development
Core Team 2008).

Bird feeder use. We used only stable, long-term feeders
(active over an entire winter season) in our analysis determin-
ing the level of hawk activity at bird feeders in both the rural
and urban areas. We documented feeders during our observa-
tions of hawks. We compared observed feeder use to that of
randomized feeder locations using ArcView GIS software as
per methods in Roth and Lima (2007a). This method involved
creating buffers of 300 m radius around each feeder location.
Given our spatial resolution, 300 m buffers were large enough
to detect shifts in hawk location, yet small enough to see de-
tailed changes in spatial use. In addition, as hawks can take
prey in transit to feeders, we chose the size of the buffer as
a representation of the “area of influence” around a feeder,
rather than focusing on the point location of the feeder itself
(Roth and Lima 2007a). The results were the same if we used
a 100 m buffer.

For each individual hawk, we used the number of hawk
points that overlapped the 300 m feeder buffers as a measure
of feeder visitation. We compared this observed overlap
to the overlap of the same hawk points with the same number
of feeders when feeders were randomly repositioned (using
ArcView) within the 95% kernel home range; these random-
izations were repeated 100 times for each hawk to estimate a
P-value using a two-tailed design and significance determined
using a Bonferroni-adjusted oo = 0.005. For this analysis we
pooled urban and rural Cooper’s Hawks, as the distributions
of their feeder use values overlapped almost entirely. We also
used a Pearson correlation to determine the relationship be-
tween the number of feeders within a home range and home
range size.

Prey density. Home range size can be highly influenced
by the density and distribution of resources available (McNab
1963, Jetz et al. 2004). To address the issue of resource density,
we used data collected from point count surveys to estimate
the density of prey species in both rural and urban habitats.
Eight urban sites were sampled three times weekly during the



winter of 2004-2005 and 45 rural points were sampled weekly
(Roth et al. 2006, Roth and Lima 2007b) during the winters
of 2002-2004. At each point count site, we conducted 5 min
unlimited-distance counts of all birds (Bibby et al. 1992). We
limited our analysis to species that would reasonably be po-
tential prey for Sharp-shinned or Cooper’s Hawks (Roth and
Lima 2003, 2006, Roth et al. 2006). The species included in the
analysis covered a broad range of body sizes, from the smallest
species noted in our counts, the Carolina Chickadee (Poecile
carolinensis; 10 g), to species over 150 g (e.g., the Northern
Flicker [Colaptes auratus]). We excluded species that were un-
likely to ever be Accipiter prey, such as the American Crow
(Corvus brachyrhynchos), Pileated Woodpecker (Dryocopus
pileatus), and Canada Goose (Branta canadensis). To reduce
the possibility of overrepresenting large or conspicuous spe-
cies in our analysis, we only included observations within
100 m of the observer (Roth et al. 2006). The mean sum of prey
birds observed at each point count was used in our analyses,
and we present prey density as mean * SE.
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RESULTS

Over five winter seasons, 40 Sharp-shinned Hawks (all rural),
14 rural Cooper’s Hawks, and 13 urban Cooper’s Hawks were
captured. Of these, 21 Sharp-shinned Hawks (nine male,
12 female; 13 immature, eight adult), six rural Cooper’s
Hawks (five male, one female; four immature, two adult) and
eight urban Cooper’s Hawks (one male, seven female; four
immature, four adult) were tracked for >27 days and thus
included in the analyses, with the exception of one particu-
larly wide-ranging immature Sharp-shinned Hawk that was
removed from the home range analysis as an outlier (studen-
tized residual =-3.003).

HOME RANGE ESTIMATES

Age and statistical group (Sharp-shinned Hawks, rural Cooper’s
Hawks, or urban Cooper’s Hawks) had significant effects on
home range size (Fig. 1, Table 1). Immature hawks had signif-
icantly larger 95% kernel estimates than adult hawks within
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FIGURE 1. Representative examples of home range size, habitat use, and bird feeder use for wintering Accipiter hawks radio-tracked dur-
ing 1999-2004. Two hawks that inhabited rural areas (Sharp-shinned Hawk: red [home range = 14.1 km?]; Cooper’s Hawk: green [home
range = 24.6 km?]) and two hawks using urban areas (both Cooper’s Hawks: blue and yellow [home ranges = 6.4 and 2.0 km?, respectively])
are represented both with and without several feeders in the home range. COHA = Cooper’s Hawk; SSHA = Sharp-shinned Hawk.
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TABLE 1. General linear model (? = 0.40) of the effect of age, sex,
group (Sharp-shinned Hawk, rural or urban Cooper’s Hawk), and
days radio-tracked on the 95% kernel estimates of home range size
of wintering Accipiter hawks (n = 34) in west-central Indiana from
1999 to 2004. SS = sums of squares, df = degrees of freedom, and
MS =mean square.

SS df MS F P
Age 8.5 1 8.5 9.3 0.005
Sex 1.0 1 1.0 1.0 0.32
Group 7.0 2 3.5 3.8 0.03
Days radio- 0.4 1 0.4 0.4 0.53
tracked
Error 25.7 28 0.9

the context of the model (P = 0.005; Table 2), although this
difference was driven by Sharp-shinned and urban Cooper’s
Hawks (Table 2). Similarly, within the context of the full
model, there was a significant difference in home range size
among groups (P =0.03). Fisher’s LSD post-hoc tests showed
a significant difference between urban Cooper’s and Sharp-
shinned Hawks (P = 0.01) and a nearly significant difference
between urban and rural Cooper’s Hawks (P = 0.06). There
was no significant difference in home range size between ru-
ral Cooper’s Hawks and Sharp-shinned Hawks (P =0.87). Sex
and the number of days radio-tracked did not significantly
affect home range size (Table 1).

HABITAT ANALYSIS

Habitat use by all hawk groups as determined with composi-
tional analysis was significantly different from habitat avail-
able (Sharp-shinned Hawks: A, =0.2, P <0.001; rural Cooper’s
Hawks: A, = 0.2, P = 0.02; urban Cooper’s Hawks: A, = 0.1,
P=0.003). In general, habitat use by rural Cooper’s Hawks and
Sharp-shinned Hawks was virtually identical. Sharp-shinned
Hawks preferred (in descending order) forests, grass, residen-
tial areas, and edge to agricultural fields, and rural Cooper’s
hawks preferred (in descending order) forests, grass, edge,
and residential areas to agricultural fields (Table 3). These two
groups differed from urban Cooper’s Hawks in one key way:
both Sharp-shinned Hawks and rural Cooper’s Hawks tended
to focus on forested areas, while their urban counterparts did
not (Fig. 2).

Urban Cooper’s hawks preferred (in descending order)
residential areas, grass, forest, and edge to agricultural fields
in both scales of analysis (Table 3). Urban Cooper’s hawks
used forested habitat less often than expected, focusing in-
stead on residential habitat. Urban hawks spent on average
26% of their time in open areas such as parks, compared to
18% and 19% for Sharp-shinned Hawks and rural Cooper’s
Hawks, respectively. In all other respects, urban and ru-
ral hawks were similar in habitat use. All groups used sim-
ilar amounts of edge habitat, and all hawks shared a nearly
equal avoidance of bare agricultural fields (Fig. 2). In fact,

TABLE 2. Mean 95% kernel home range size (km?) and standard
error of adult and immature wintering Accipiter hawks in west-
central Indiana.

Adult home Immature home
range * SE (n) range * SE (n)

Sharp-shinned 12.8+4.6 (8) 33.0£11.5(13)
Hawk

Cooper’s Hawk 39+1.6(4) 10.1£2.9 (4)
(urban)

Cooper’s Hawk 142£09(2) 149+4.1(4)
(rural)

all hawk groups used bare fields significantly less often than
expected based on their availability (Fig. 2), and, on average,
<5% of hawk points fell within the bare field habitat. This low
value is probably an overestimate, since our habitat maps (based
on 30 x 30 m pixels) often could not resolve fences or hedge
rows within the agricultural fields; hawks occasionally hunted
along such hedgerows, and the resulting points were assigned
to the agricultural field habitat.

BIRD FEEDER USE

Bird feeders were not major focal points of hunting activity
for Cooper’s Hawks. We documented 78 long-term feeders in
the study site (including both urban and rural areas; Fig. 1),
of which 58 were known to occur for more than one season.
Cooper’s Hawks (combining both urban and rural) did not hunt
around feeders more often than expected under our random
null model (z =-1.3, P =0.18). This result held for individual
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FIGURE 2. Habitat use by wintering Sharp-shinned (n = 21) and
Cooper’s Hawks (n = 14). All hawks avoided agricultural areas, focus-
ing on more complex habitat. Bars represent the mean + SE value of
the proportion of hawk points within each habitat type (hawks treated
as individual data points). Horizontal lines represent the proportion
of each habitat type available in the entire study site (Total) and urban
site alone (Urban; for Cooper’s Hawks in this habitat only).
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Habitat ranking profile of Sharp-shinned and Cooper’s Hawks during the winters of 1999-2004 in west-central Indiana.

Habitats are shown in rank order (preferred to avoided) as determined by compositional analysis. Bars represent no significant difference
(0e=0.05) between habitat types. Sharp-shinned and rural Cooper’s Hawk habitat use was compared to habitat available in the entire study
site. Urban Cooper’s Hawk habitat use was compared to habitat available in both the entire study site and the urban site alone.

Species
Habitat type

Habitat type

Sharp-shinned Hawk
Forest
Forest
Grass
Residential
Edge
Agriculture

Rural Cooper’s Hawk
Forest
Forest
Grass
Edge
Residential
Agriculture

Urban Cooper’s Hawk (entire study site)
Residential
Residential
Grass
Forest
Edge
Agriculture

Urban Cooper’s Hawk (urban site only)
Residential

Residential
Grass
Forest
Edge
Agriculture

Grass

Grass

Grass

Grass

Residential Edge Agriculture

Residential Agriculture

Forest Agriculture

Forest Agriculture

hawks, none of which differed significantly from the random
mean (Bonferroni-adjusted oo = 0.005). If anything, these
hawks showed a tendency to avoid feeders (Fig. 3), and three
Cooper’s Hawks (two urban, one rural) established home
ranges in areas without known feeders. Furthermore, if feed-
ers were particularly important resources, then we would have
expected hawks to have had smaller home ranges when their
home ranges contained more feeders. However, we observed
a strong positive correlation between the number of feeders in
a home range and home range size (r=0.7, n =33, P <0.001),
again suggesting that feeders were no more important than
other foraging locations without feeders in the home range.

PREY DENSITY

Prey density was higher in the urban study site. On average,
prey were nearly eight times more abundant at urban than ru-
ral point count sites (urban: 42.7 = 8.5; rural: 7.6 £ 0.5), repre-
senting a significant difference in the density of prey between
the rural and urban sites (¢, = 10.8, P <0.001).

DISCUSSION

This study represents the first large-scale analysis of the spa-
tial ecology of wintering Cooper’s and Sharp-shinned Hawks.
Overall, the use of space by these wintering hawks varied by age
and location (rural vs. urban). Immature hawks tended to have
larger home ranges than adults (except rural Cooper’s Hawks),
which is common in many taxa (Thogmartin 2001, Romanach
etal. 2005, Borger etal. 2006). The size of Sharp-shinned Hawk
home ranges was, on average, over three times larger than that
of urban Cooper’s Hawks, although it was comparable to that of
rural Cooper’s Hawks. The smaller home range size of urban
hawks is consistent with a recent study on the effects of urban-
ization on Cooper’s Hawks in California (S. Chiang et al., West-
ern Foundation of Vertebrate Zoology, unpubl. data). Although
the rural Cooper’s Hawks that we studied were mostly male and
the urban hawks mostly female, there was no significant effect
of sex on home range size.

All of the wintering hawks that we studied avoided hunt-
ing in open (bare earth or stubble) agricultural fields. Instead,



266 TIMOTHY C. ROTH II ET AL.

1.0 4

Association

0.8 1
o
©
€ 061
o
§ o
5 04
(%] [¢]
Keo)
(@)

024 e

o Avoidance
[ 2N J
0.0 ® , , , ,
0.0 0.2 0.4 0.6 0.8 1.0
Random overlap

FIGURE 3. Bird feeder use by wintering Cooper’s Hawks

(rural, unfilled circles, n = 5; urban, filled circles, n = 6) was not
significantly different from random. Three hawks (one rural and
two urban) were without known feeders in their home ranges, and
thus are not included here. Shown is the proportion of observed
hawk locations that overlapped 300 m radius buffers around feeders
plotted against the mean overlap of 100 replicated feeder location
randomizations. In the randomizations, observed hawk points
remained stationary, while the feeders within the home range of in-
dividual hawks were randomly relocated to estimate random use of
feeders. The area above the diagonal line represents a tendency for
hawks to hunt at or near feeders, while the area below the line repre-
sents the tendency to avoid feeders. Feeder use by individual hawks
was in no case significantly different from the expected random
mean (adjusted o.=0.005).

hawks focused most of their activity on forested and edge hab-
itats (rural hawks) and residential habitat (urban hawks), as
these areas tended to harbor their prey. Furthermore, hawks
probably avoided open agricultural fields because their hunt-
ing tactics rely on surprise, which is difficult to achieve in
such areas (Roth and Lima 2003, Roth et al. 2006; but see
Cresswell 1994, 1996). Urban Cooper’s Hawks overutilized
residential habitat. Since we caught these hawks in the urban
habitat, this result is not surprising. What is enlightening,
however, is that the use of residential areas was significantly
different from all other habitat types and the secondary use of
grass habitat was significantly different from forest and edge
habitat. Simply because they were caught in the city and spent
a great deal of time there does not mean that they spent all
of their time in the residential habitat. Within the urban land-
scape, open areas such parks and areas with mixed vegeta-
tion were important hunting locations. In fact, urban Cooper’s
Hawks showed a tendency to avoid forested areas even in and
around the residential habitat, likely because their main prey,
Mourning Doves (Zenaida macroura) and European Starlings
(Roth and Lima 2003), were more easily accessible in urban
residential habitat. However, the vertical structure of many
urban areas, including our study site, is somewhat forest-like

and grassy areas such as parks were important for Cooper’s
Hawks in the urban study site. This result is consistent with
the findings of S. Chiang et al. (Western Foundation of
Vertebrate Zoology, unpubl. data) and may apply to the
breeding season as well.

In general, we observed no systematic use of bird feed-
ers by Cooper’s Hawks, which is consistent with our work on
Sharp-shinned Hawks (Roth and Lima 2007a). Although a
few hawks visited feeders more often than expected, just as
many avoided them, as was the case for Sharp-shinned Hawks
(Roth and Lima 2007a). These results suggest that feeders are
simply locations where humans are most likely to observe
hawk attacks, not locations where hawks are necessarily most
likely to hunt. Furthermore, the lack of a strong tendency to
hunt around feeders is consistent with the idea of prey man-
agement by hawks, whereby hawks avoid repeated attacks at
areas (feeders) frequently visited by behaviorally responsive
prey, thus ensuring a usable source of prey over the long term
(Roth and Lima 2007a). Alternatively, bird feeders may sim-
ply not be particularly good places for hawks to hunt prey.

Differences between groups in home range size and
feeder use are possibly due to differences in diet and habitat.
The typically larger prey of the larger, mainly female urban
Cooper’s Hawks tend not to be attracted to feeders and are
more common in urban than rural areas (Roth and Lima 2003,
2007b, Roth et al. 2006). As a result, urban Cooper’s Hawks
would not be expected to hunt at feeders. While we cannot
measure the impact of atypical urban feeders that might at-
tract such prey (e.g., dumpsters, dog food bowls), these prey
resources are relatively small and sporadic, and thus probably
do not represent a predictable resource for prey. In addition,
urban prey density was greater than rural prey density (Beiss-
inger and Osborne 1982). As a result, urban Cooper’s Hawks
probably needed less space than rural hawks to obtain an ad-
equate prey base, and thus had smaller home ranges (McNab
1963, Mannan and Boal 2000, Jetz et al. 2004) than rural Coo-
per’s Hawks and Sharp-shinned Hawks.

Another possible explanation for the smaller home ranges of
urban hawks may be noise. Relative to rural environments, hu-
man-induced noise levels are quite high in urban settings. Such
high levels of background noise might limit the perceptual abili-
ties of prey and thus might produce compensatory changes in
their antipredator behavior. Following the results of Quinn et al.
(2000), it is possible that hawks hunting in noisy environments
might have an easier time surprising prey and consequently may
not need as much space in which to hunt (W. Cresswell, Univer-
sity of St. Andrews, pers. comm.). While the mechanism of this
alternative explanation is speculative, the influence of urbaniza-
tion on predator-prey systems is undoubtedly important and will
be a fruitful direction for future study (S. Chiang et al., Western
Foundation of Vertebrate Zoology, unpubl. data).

Although the popular impression of Accipiter hawks is
that they frequently hunt around bird feeders, our research



suggests otherwise for both Sharp-shinned and Cooper’s
Hawks. In fact, in our study area, both species maintained rel-
atively large home ranges during the winter and were just as
likely to visit areas with or without feeders. It is conceivable
that these patterns in the use of space by Accipiter hawks ap-
ply only to our particular study site, but we suspect that our
results apply throughout the geographical ranges of these two
species. Further work on the biology of these elusive hawks
will shed more light on this matter and many other aspects of
this important predator-prey system.
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