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In a native prairie of Oregon (363
2)

red-tailed (Buteo

jamaicensis), ferruginous (Buteo regalis), and Swainson's hawks

(Buteo swainsoni) coexist in one of the highest nesting Buteo

densities in North 2merica. In 1979 and 1980, the distribution,

density, and productivity of the three species was studied in re-

lation to availability of food and nesting habitat. The degree of

ecological segregation among the three species was also investigated.

Red-tailed and ferruginous hawks showed considerable overlap

in the timing of their nesting cycles; the Swainson's hawk nested

about one month later in the spring. The major food item of all

three species was the Belding ground squirrel (Spennophilus beld-

ingi). The total dietary overlap among the three hawk species was

high: in 1979 and 1980, red-tailed and ferruginous hawks overlapped

90 percent and 80 percent, red-tailed and Swainson's hawks 88 percent

and 83 percent, and ferruginous and Swainson's hawks 83 percent and

95 percent.

Although timing and use of food resources exhibited considerable



overlap, habitat was partitioned. Nine major habitat types occur-

red within the study area. Red-tailed hawks had almost exclusive

use of pine groves and cultivated areas with cottonwood trees. Fer-

ruginous hawks had almost exclusive use of south exposure sites

where large rocky outcrops occurred. Use of other habitat types

overlapped to some degree. The total habitat overlap between the

red-tailed and ferruginous hawk in 1979 and 1980 was 33 percent and

37 percent. The Swainson's hawk exhibited slightly greater overlaps

in 1979 and 1980 of 54 percent and 52 percent with red-tailed hawks

and 47 percent and 41 percent with ferruginous hawks. Habitat over-

lap of the Swainson's hawk tended to be minimized by its selection

of nest trees whose configuration differed from red-tailed and fer-

ruginous hawks. Space was also partitioned by the maintenance of

intraspecific and, to a lesser degree, interspecific nesting ter-

ritories. Nest success of red-tailed and ferruginous hawks signifi-

cantly declined when nesting pairs were visible to one another.

This suggests that competition for space was a mechanism affecting

distribution, density, and nest success.

Based on the findings from this study, Buteo management could

involve: (1) range management for prey species, which in this case

is in accord with good management for cattle, (2) range management

for nesting habitat, and (3) maintenance of properly spaced nest-

ing sites.
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RESOURCE PARTITIONING AND REPRODUCTIVE SUCCESS

OF THREE SPECIES OF HAWKS (BUTEO spp.) IN AN OREGON PRAIRIE

INTRODUCTION

In a native grassland prairie of northeastern Oregon, red-tailed

(Buteo jamaicensis), ferruginous (Buteo regalis), and Swainson's hawks

(Buteo swainsoni) coexist in one of the densest concentrations of

nesting Buteo hawks in the United States. In 1979 and 1980, an

average of 50 pairs of red-tailed, 24 pairs of ferruginous, and 8 pairs

of Swainson's hawks nested annually in the 363 km2 area, commonly re-

ferred to as the Zumwalt Prairie.

The Zumwalt Prairie is a relatively isolated system. Ranging in

elevation from 1219 m to 1585 m, it is bordered to the south and west

by mountains of 3050 m, to the east by steep canyons dropping 475-914

m, and to the north by dense forest. Few shrubs occur in the prairie

except along intermittent streams, and interfingerings of the forest

community reach out into the grassland in some areas. The Zuinwalt

Prairie is the southernmost extension of the Palouse Prairie, an im-

portant wheat producing region of the U.S.. It is located 194 km

south of the section of the Palouse where Fitzner (1978) conducted his

intensive study of the Swainson's hawk. While most of the Palouse,

including Fitzner's area, has had a large part of its native vegeta-

tion destroyed by cultivation and water impoundment (Fitzner 1978),

the Zuiiwalt Prairie still is primarily composed of native bunchgrass

species. It is one of the best examples in the northwest of native

prairie in good to excellent condition (Baldwin, pers. comm. 1980).

Species such as red-tailed, ferruginous, and Swainson's hawks,
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exhibitin9 very simix piches, must segregate themseLves ecologically

through the partitioning of resources, if they are to continue to

coexist.- (Elton 1946, Lack 1971, Price 1975). On the basis of most

empirical studies, it has been conjectured that interspecific compe-

tition determines the patterns of resource partitioning among closely

related species. Recent evidence, however, indicates that the mech-

anisms of interspecific competition, intraspecific competition, pre-

dation, and environmental variability all work together to influence

community structure (Connell 1975, Wiens 1977).

Orderly patterns of resource partitioning have been documented

for a wide variety of coexisting organisms (Schoener 1974). Schmutz

et al. (1980) studied the selective forces allowing for the coexist-

ence of the same three species of hawks in the prairie-parkland eco-

tone of southeastern Alberta. They intensively analyzed the food and

time resource use of the hawks and found high overlap; they postulated

that the species were able to coexist and minimize interspecific com-

petition by separating out through their use of space--through dif-

ferent preferences for nesting microhabitat, and through the mair,.ten-

ance of territories. The densities of the hawks in the Alberta study

area and the Zumwalt Prairie are quite similar: one pair per 3.6 kin2

in Alberta, and one pair per 4.4 km2 in the Zumwalt Prairie. The pro-

portions of the three species are quite different, however: in Al-

berta, the Swainson's hawk was the predominant Buteo (57 percent),

while in Oregon it is the least common (10 percent). The red-tailed

hawk was uncommon in the Alberta area (7 percent), while in the Zum-

walt Prairie it is the most conon species (61 percent). The fer-

runous hawk was intermediate in number in both the Alberta and Ore-
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gon study areas (.36 percent and 29 percent).

To assess patterns of community structure requires the consid-

eration of biogeographical and life history capacities of the species

in question and their relationship to the environmental system over

time (Warren et al. 1979, Finger 1980). As patterns of community

structure are clearest in groups of coexisting species that exist in

relative isolation andutilize similar resources (Root 1967), the

similar life histories, geographical isolation, and high density of

the Zumwalt Prairie hawks provide an excellent opportunity to study

resource partitioning.

Specifically, the objectives of this study are:

To document any patterns of resource partitioning (i.e.,

the use of space, food, and time resources) and consequent eco-

logical segregation of the three coexisting species of hawks.

To examine the mechanisms that help to produce the ob-

servable community structure and their effect on the distribution,

density, and productivity of the three hawk species.

To examine if patterns of species interactions that pro-

duced community structure in one geographical area (i.e., the

prairie-parkland ecotone of Alberta) have similar results for the

same species in different proportions in another system.

To determine Buteo management strategies on the basis of

these results.



METHODS

The study took place over two years, front 18 April 1979 to 15

September 1979 and from 7 April 1980 to 26 September 1980, during

the hawks' breeding seasons. The study area, 363 km2 in extent, was

located in Waliowa County, northeastern Oregon (latitude 45030'N;

longitude 117°00'W). To aid in understanding the system of three

hawk species, the conceptual framework and general living systems

theory elucidated by Warren et al. (1979) has been incorporated into

this study. The red-tailed, ferruginous, and Swainson's hawk popula-

tions are conceived as together forming an organismic system, which

with its coextensive environment form an ecological system. Each

population is thus an organismic subsystem and has its own level

specific environment.

The coextensive environment is the mosaic of habitat types

occurring within the study area that provide nesting habitat for the

hawks. These have been delineated by a procedure nationally adopted

by the Soil Conservation Service and outlined in the National Range

Handbook (SCS 1976). This method taxonomically classifies land into

"ecological range sites" by virtue of each site's unique combination

of topography, climate, soil characteristics, and vegetation. The

entire study area was classified with the assistance of the regional

SCS Soil Conservationist, from soil maps, aerial photographs, and

field research. The range sites occurring within the study area fol-

low the descriptions found in the Blue Mountain Land Resource Area,

Oregon, SCS Handbook (Anderson 1968). Cultivated land is not clas-

sified as a range site under the SCS system because of its agricul-

4
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tural use; in this study, it is treated as a separate unit,

The djstributiDn of the ranìge sites and cultivated land that

occurred in the study area was mapped on USGS aerial photographs. In

1979 and 1980, surveys were conducted on foot, horseback, and by plane

to attempt to locate all occupied hawk nests within the prairie and to

determine an absolute breeding density of red-tailed, ferrugirious, and

Swainson's hawks. Locations of all active nests for the two years were

superimposed on the land classification maps to determine species den-

sity and distribution patterns. The preference or avoidance of each

range site and the cultivated land was evaluated by a method proposed

by Neu et al. (1974). This procedure entails two steps. First, a chi-

square test of the hypothesis that the animals utilize habitat cat-

egories in proportion to their availability to the animal is performed.

Second, if the null hypothesis is rejected, the preference or avoid-

ence of individual categories of habitats is determined. This is done

by constructing individual confidence intervals for the animalst

proportions of occurrence, i.e., the proportions that would be expect-

ed to occur if the birds were utilizing each habitat category in pro-

portion to its availability. The finished table will indicate if sig-

nificant differences exist between estimated and hypothesized hawk cc-

currence for each habitat, and thereby will provide a measurement

of the relative value of the habitats to the hawks. (Note if an

ecological range site constituted less than 0.01 percent of the total

study area, it was not included in the statistical testing procedures

because its total area could only be imprecisely measured by plan-

imeter. In this study, only one range site was deleted from statis-

tical calculations, the Dry Mountain Meadow Range Site.)



Measurement of the similarity in nesting habitat of the hawk

species was caLcuLated by a method developed by Holmes and Pitelka

(1968) originally for measuring similarity in diets. For any two

hawk species, the percent overlap in habitat use was determined by

summing the percentage values for all habitat categories shared by

the two species, e.g., identical use would have an overlap index of

100 percent.

Nest sites of red-tailed, ferruginous, and Swainson's hawks were

characterized by recording the nest substrate used, and by measuring

the configuration of nest trees -- the height of the tree, the height

of the nest in the tree, and the tree diameter at breast height.

A subsystem of the coextensive environment is the food resource

used by red-tailed, ferruginous, and Swainson's hawks. Food habits of

the three species were determined mainly on the basis of pellet analy-

sis and analysis of prey remains in the nests. Frequency of each prey

species' occurrence and the percentage of total biomass it contributed

to each species' diet were determined. Weights of the prey species,

for the evaluation of biomass, were based on those recorded in the

literature. The percentage of total overlap in the diets of the three

hawk species was determined by the method proposed by Holmes and

Pitelka (1968), which gives total dietary overlap of two hawk species

as the sum of percentages of each prey species used by both species.

The relative abundances of two major prey items, the Belding

ground squirrel (Spermophilus beldingi) and the northern pocket gopher

(Thomomys talpoides) were estimated by making an index of ground

squirrel burrow and gopher mound densities occurring within different
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habitats, Purin9 the months of June and July 1980, grQUnd squirrel

burrows and gopher mounds were counted along 124 transects, 200 rn

x 3 in, that were systematically distributed throughout the entire

study area, with equal representation given to all major range sites

and to the cultivated land.

To evaluate if red-tailed, ferruginous, and Swainson's hawks

were potentially segregating themselves by the maintenance of inter-

specific and intraspecific territories, distances between all active

nests were measured in 1979 and 1980, and the distributions were

tested by a technique developed by Clark and Evans (1954) to determine

if the spatial distributions of nest sites differed from randomness.

Events that occurred throughout the hawks' breeding cycle were

recorded for 1979 and 1980. Nest sites were located early in the

breeding season but were not climbed into until after the young were

expected to hatch. This reduced the potential for nest desertion.

Thereafter, nests were visited at regular intervals throughout the

breeding seasons.

The proximity of nesting pairs and the visibility of nesting

pairs to one another were evaluated as to their influence on the

breeding rates of the three hawk species.



RESULTS ?ND INTERPRETATION

Habitat

Five different types of ecological range sites are present with-

in the Zumwalt Prairie and are distributed as a mosaic throughout the

area. In order of predominance, they are: Rolling Hills, Biscuit

Scabland, Moderate South Exposure, Moderate North Exposure, and Dry

Mountain Meadow Range Sites (Fig. 1 a-i) (see appendix). Two other

microhabitats, of great importance as nesting sites, are present with-

in the grassland, though due to their rare occurrence they are not

listed in the Blue Mountain Land Resource Area Handbook. These areas

were classified for the purposes of this study because of their

unique characteristics, and will be referred to as Pine Grove and As-

pen Grove Range Sites. Cultivated land also appears in the study area.

Rolling HillsRangeSite (Fig. la): This site (making up 30.0

percent of the study area) occurs along relatively flat ridge tops

and gently rolling areas. The vegetation is composed mainly of pure

stands of bunchgrasses, predominantly a native species, Idaho fescue

(Festuca idahoensis). On rare occasions, specific microhabitat con-

ditions permit the growth of lone trees -- these usually being aspens

(Populus treinuloides) or ponderosa pines (Pinus ponderosa). Po-

tential nest site availability is therefore limited in this habitat.

Biscuit Scabland Range Site (Fig. lb): This site (20.6 percent

of the study area) also occurs on gently rolling areas and ridgetops

and is a combination of the rolling hills site and "scablan&. On

scabland, soils are shallow and stony and vegetation is sparse.

Trees will not grow in this ecosystem, and potential hawk nest sites



Figure 1. Photographs of the seven different ecological range sites
and two types of cultivated land that occur within the Zumwalt
Prairie, Oregon, 1979 and 1980.
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Figure ic. Moderate South Exposure Range Site

id. Moderate North Exposure Range Site
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Figure le. Dry Mountain Meadow Range Site

if. Pine Grove Range Site
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Figure 1g. Aspen Grove Range Site

lh. Cultivated Land (Southern Unit)

1 2A





Figure ii. Cultivated Land (Prairie)
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xe limited, except for the possibility of ground nests.

South Exposure Range Site (Fig. ic): This site (18.4 percent

of the study area) is a pure grassland community, predominantly

composed of bluebunch wheatgrass (Agropyron spicatum). It occurs

along southeast, south, and west drainages on moderately steep areas.

Like the biscuit scabland, its soils are shallow and cannot support

trees. But rocky outcroppings, which range from one to ten meters

in height, are located throughout this ecosystem and provide poten-

tial nesting substrates for the hawks.

North Exposure Range Site (Fig. id): This site (6.5 percent of

the study area) is a grassland community that occurs along northeast,

north, and northwest facing drainages within moderately steep areas.

It is different from other range sites in the prairie in that it has

the capacity to be invaded by a forest community. Isolated stands

(one to five trees) of ponderosa pine or Douglas fir (seudotsuga

menziesii) occur as accidentals throughout this site and provide key

nesting substrates for all the hawks.

Dry Mountain Meadow Range Site (Fig. le): This site (less than

0.1 percent of the study area) occurs in narrow strips bordering in-

termittent streams. It is predominantly a grassland community, pri-

marily made up of Kentucky bluegrass (Pba pratensis), an introduced

species. Occasionally native hawthornes (Crataegus spp.) occur in

these sites, and, more rarely, black cottonwoods (Populus trichocarpa)

and willows (Salix spp.) invade and provide potential nesting sites.

Pine Grove Range Site (Fig. lf): This site (0.6 percent of the

study area) is believed to be a separate range site (Anderson, pers.

comm. 1980). It generally occurs on moderately steep, north-facing
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protected slopes, and ranges in size from 1.2 - 24. 7 ha. Dense

groves of ponderosa pine and Douglas fir trees characterize the site.

Aspen Grove Range Site (Fig. ig): This site (0.3 percent of

the study area ) occurs in isolated spots throughout the prairie, and

is believed to have resulted from microhabitat conditions created

by snowdrifts that collect on north-facing, protected slopes (Ander-

son, pers. comm. 1980). The dominant vegetation is aspen, and groves

vary in size from 5 - 10 trees to stands up to 4.5 ha. These isolat-

ed aspen groves, surrounded by grassland, provide important nest-

ing sites for the hawks.

Cultivated Land: Land under cultivation occurs at the southern

end of the prairie, and is mainly set apart as a single unit (21.3

percent of the study area ) (Fig. lh). The major crop is alfalfa,

wheat and barley being grown to a lesser degree. This is flat bot-

tomland habitat, crisscrossed with irrigation ditches along which

giant old cottonwoods and willows intermittently occur. These trees

provide nesting substrates for the hawks.

Cultivated land also occurs at places out in the prairie (2.3

percent of the study area) (Fig. li). In all instances, these areas

were cleared of trees and shrubs; potential nesting sites for the

hawks were thereby lacking.

uteo Density and Distribution in Relation to Nesting Habitat

Red-tailed, ferruginous, and Swainsons hawks did not utilize

the range sites in proportion to their occurrence in the study area

(red-tail 26o58l P<0.005; ferruginous ,2=96.6l, P<0.005; Swainson's



2=98.57 P<O.005) Instead, they exhibited differences in nesting

behavior that may be explained relative to the range sites in which

the nests occurred; nest site locations were apparently dependent

on both general habitat characteristics and the specific nesting

structures available in each range site.

The red-tailed hawk, a generalist species that has possibly the

widest habitat tolerance of any north American bird of prey (Beebe

1974), nested in nearly all of the different range sites and in cul-

tivated areas with trees (Table 1). Some sites, however, were much

preferred over others: the aspen grove and north exposure range sites

and the cultivated area (southern unit) were used significantly more

than expected in relation to their availability. Major substrates

used for nesting in these areas were aspens (36 percent of all nests

used), cottonwoods (36.5 percent), and lone onderosa pines (14 per-

cent). The heavily wooded pine grove range site was utilized for

nesting on occasion, but only in proportion to its availability. South

exposure and rolling hills range sites were used significantly less

than expected, as rocky outcroppings and shrubs were substrates in

these areas and rarely used by red-tails (3.5 percent and 3.5 percent)

Biscuit scabland and cultivated land that occurred in the prairie were

always avoided, probably owing to their lack of suitable nesting sub-

strates. Locations of red-tail nests did not significantly change

between 1979 and 1980 (y2=l.68, P>O.995).

The ferruginous hawk is much more specialized in its breeding

habitat requirements than the red-tail (Beebe 1974). It is entirely

absent from some habitats, and its presence can be predicted on the

basis of topographic and vegetational features of the habitat (Smith

17



Table 1. Evaluation of red-tailed hawk's preference or avoidance of the nine different habitat types

occurring in the Zumwalt Prairie, 1979 and 1980.

HABITAT % TOTAL AREA2
(area= 363 km

% RED-TAILED
NESTING PAIRS
1979 1980
(n=56) (n=44)

PROPORTION OF
EXPECTED RED-
TAILED PAIRS

CONFIDENCE INTERVAL
(90%) FOR PROPORTION
OF OBSERVED NESTING
RED-TAILED PAIRS

USE, ON THE
BASIS OF
AVAILABILITY

Less than
expected

Less than
expected

Less than
expected

Greater than
expected

Unable to be
determined

As expected

Greater than
expected

Greater than
expected

Less than
expected

Rolling Hills 30.0

Range Site

Biscuit Scabland 20.6
Range Site

Moderate South Ex- 18.4
posure Range Site

Moderate North Ex- 65
posure Range Site

Dry Mt. Meadow
Range Site

Pine Grove 0.6
Range Site

Aspen Grove 0.3
Range Site

Cultivated Land 21.3

(Southern Unit)

Cultivated Land 2.3

(Prairie)

2 2 .300 -0.Ol7 p.O.O59

0 0 .206 .000

0 .184 -O.017, p O.O59

14 16 .065 0.066 p &0.251

7

.006 O.006 p..0.l42

38 34 .003 0.255 -p -0.5O3

32 34 .213 0.224 p. 0.470

0 .023 .000
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and Murphy 1973) witiin areas of suitable prey populations and wide

expanses of grassland, it may be a predominant raptor. In the Zum-

wait Prairie, ferruginous hawks preferred north exposure and south

exposure range sites for nesting (Table 2). Suitable nesting sub-

strates were distributed throughout these sites. In the south ex-

posure range site, rocky outcroppings occurred; 35.5 percent of all

ferruginous hawk nests were on these substrates. Ferruginous hawks

are recognized as preferring outcrops when available (Fitzner 1977,

Weston 1979). Lone pines, on north exposure sites, were also pre-

ferred substrates (32 percent of all nests). Aspen grove range sites

were utilized by ferruginous hawks, but only in proportion to avail-

ability. Rolling hills sites were used less than expected, and pine

grove range sites were.never used at all. The latter. is to be expect-

ed, as ferruginous hawks tend to avoid heavily wooded areas (Smith and

Murphy 1973). All cultivated lands were used significantly less than

expected on the basis of availability; only on one occasion did a fer-.

ruginous hawk nest in farmland during this study. The reluctance of

these hawks to nest near extensive cultivation has been observed many

times (Olendorff 1973, Howard and Wolfe 1976, Loekman and Duebbert

1976). Nest site locations of ferruginous hawks did not significantly

change during the two year course of this study (2l.O5, P)O.990).

Swainson's hawks are restricted to habitats able to support

trees or shrubs (Fitzner 1978). In the Zumwalt Prairie, this hawk

was observed to nest in only three different range sites, and there-

by it exhibited the narrowest habitat tolerance of the three species

(Table .3). Only one range site was used significantly more than ex-

pected on the basis of availability: the aspen grove site (54 per-



Table 2. Evaluation offerruginous.hawk's.preference.Or avoidance ofthe nine diUerent habitat types

occurring in th Zumwalt Prairi, 1979 and 1980.

HABITAT % TOTAL AREA2 % FERRUGINOLJS PROPORTION OF CONFIDENCE INTERVAL USE, ON THE

(area= 363 km ) NESTING PAIRS EXPECTED FER- (90%) FOR PROPORTION BASIS OF

1979 1980 RUGINGINOUS OF OBSERVED NESTING AVAILABILITY

(n=21) (n=26) PAIRS FERRUGINOUS PAIRS

Rolling Hills 30.0
Range Site

4 8 .300 Less than
expected

Biscuit Scabland 20.6
Range Site

0 .206 .000 Less than
expected

Moderate South Ex- 18.4
posure Range Site

43 46 .184 0.279. pi0.675 Greater than
expected

Moderate North Ex- 6.5
posure Range Site

33 30 .065 0.153 p .O.529 Greater than
expected

Dry Mt. Meadow
Range Site

10 4 Unable to be
determined

Pine Grove 0.6

Range Site
0 0 .006 .000 Less than

expected

Aspen Grove 0.3 10 003 -0.023 0.205 As expected

Range Site

Cultivated Land 21.3

(Southern Unit)

4 .213 -.O45.p0.O91 Less than
expected

Cultivated Land 2.3

(Prairie)

0 .023 .000 Less than
expected



Table 3. Evaluation of Swainson's hawk's preezence.o avoidance of the.nine different habitat types

occurring in theZumwaltPrairie, 1979 and 1980.

HABITAT % TOTAL AREA2 % SWAINSON'S PROPORTION OF CONFIDENCE INTERVAL USE, ON THE

(area= 363 km ) NESTING PAIRS EXPECTED SWAIN- (90%) FOR PROPORTION BASIS OF

1979 1980 SON'S PAIRS OF OBSERVED NESTING AVAILABILITY

(n=12) (n4) SWAINSON'S PAIRS

Rolling Hills 30.0 8 25 .300 -0.12l.piO.387 As expected

Range Site

Biscuit Scabland 20.6
Range Site

0 0 .206 .000 Less than
expected

Moderate South Ex- 18.4
posure Range Site

0 0 .184 .000 Less than
expected

Moderate North Ex- 6.5
posure Range Site

25 25 .065 -0.063.pLO.597 As expected

Dry Mt. Meadow -

Range Site
8 0 - - Unable to be

determined

Pine Grove 0.6

Range Site

0 0 .006 .000 Less than
expected

Aspen Grove 0.3

Range Site
59 50 .003 0.234p±0.966 Greater than

expected

Cultivated Land 21.3

(Southern Unit)

0 0 .213 .000 Less than
expected

Cultivated Land 2.3

(Prairie)

0 0 .023 .000 Less than
expected
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cent of all nests were I,ocated in aspen trees), This hawk used north

exposure and oling hills range sites, but only in proportion to

their availabllity. In these range sites, lone pines and shrubs were

used as nesting substrates (33.5 percent and 12.5 percent). South

exposure, biscuit scabland, and pine grove range sites were always

avoided. Cultivated lands were also avoided, even when suitable

nesting substrates were available. This result is somewhat surprising,

as FItzner (1978) recorded a sizeable proportion of SwainsOfl'S nests

in trees interspersed throughout farmland areas. The hawkst avoid-

ance of these areas in the Zumwalt Prairie may in part be due to

earlier establishment of territories by red-tailed hawks (Dunkle

1977), or perhaps because of disturbance created by man's activities

(Fitzner 1978), Swainson's hawk nest site locations did not sig-

nificantly change from 1979 to 1980 (,.2=012 P>0.975).

Although red-tailed, ferruginous, and Swainson's hawks overlap

broadly in their breeding range (Brown and Amadon 1968), they general-

ly seem to select different range sites in which to nest and in this

way may be achieving ecological segregation (Fig. 2). Some range

sites, however, were in demand by all three species, and the hawks

may experience intense competition for these sites: six instances

were observed where a hawk usurped a nest that the previous year was

occupied by a different Buteo species.

Overall, range site overlap was lowest between red-tailed and

ferruginous hawks: 33 percent in 1979 and 37 percent in 1980. Red-

tailed and Swainson's hawks showed an overlap of 54 percent in 1979

and 52 percent in 1980. Ferruginous and Swainson's hawks exhibited

a moderate overlap of 47 percent in 1979 and 41 percent in 1980.



Figure 2. Range
species of Buteo
(1979: 56; 1980:
Swainson's hawks

sites and cultivated land used by the three

during 1979 and 1980. Sample sizes: red-tailed

44), ferruginous (1979: 21; 1980: 26), and

(1979: 12; 1980: 4).
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The lack of available nest substrates may have been a limiting

factor in the density of the hawks, evidenced by the absence of nest-

ing hawks in. preferredrange sites that did not have nesting sub-

strates available.

Use of Nest Sites

The three hawk species appeared to partition nesting sub-

strates (Fig. 3). Red-tailed and ferruginous hawks both selected

specific nest substrates for which the other species rarely competed.

Ferruginous hawks used rocky outcroppings significantly more than

either red-tails (2=3087 ?<0.005) or Swainsonts
(2=793,

P(0.005).

Red.-tails used large cottonwood trees more than ferruginous hawks

(.2=l384 Pc0.005) orSwainson's (X2=706 P<0.0l). Red-tails also

had exclusive use of groves of ponderosa pine composed of more than

10 trees. The Swainson's hawk, however, exhibited some degree of

overlap with both of the other species for aspen trees, shrubs, and

lone conifers.

Red-tailed and ferruginous hawks did not significantly differ in

their choice of nest-tree size and shape; tree height, placement

height of the nest in the tree, and tree diameter at breast height

greatly overlapped and showed no significant difference between the

two species (tl.0, P=0.33 t1.59, P0.12; t=0.03, P>0.50) (Fig. 4).

The Swainson's hawk, however, differed from both the red-tailed and

ferruginous hawk in selection of tree height (t=3.64, P<0.00l ; t

3.05, P<0.005), the placement of the nest In the tree (t3.49, P<0.001;

t=2.90, P0.05), and the tree diameter at breast height (t2.27,

P'0.05; t=2.85, PC0.05); tree heights and nest heights were signifi.-



Figure 3. Nest substrates used by the three Buteo species
in the Zumwalt Prairie during 1979 and 1980. Sample sizes:
red-tailed (100), ferruginous (47), and Swainson's hawks (16).
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Figure 4. The heights of trees selected by. red'-taile (RH),

ferruginous (PH), and Swainson's hawks (SH) or nesting, the
heights of the nests in thetrees, and the nest tree diameters
at breast height (mean ± SD, range).
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this case the Richardson's ground squirrel (Spermophilus richard-

30

cantly lower a4dLameter at breast height smaller. Therefore, even

though the Swainson's hawk overlaps in general habitat selection with

the other species, it may be able to achieve some degree of ecological

segregation by the partitioning of nest-tree configuration.

Food Utilization

For the nesting periods of 1979 and 1980, pellets and prey re-

mains were collected from the nests and analyzed. The Belding ground

squirrel was the most important prey species for red-tailed, ferrugi-

nous and Swainson's hawks, making up more than 77 percent of the total

biomass in the diets of all three species (Tables 4,5, and 6). Other

prey species contributing 5 percent or more of the total biomass in

the hawks' diets were the the northern pocket gopher, used by red.-

tails in 1979, by ferruginous hawks in 1979 and 1980, and Swainson's

hawks in 1979, and Microtus montanus, preyed upon by red-tails in 1979

and Swainson's hawks in 1979 and 1980. Birds constituted approxi-

mately 5 percent of the biomass in the diets of all three species.

Pellet analysis may considerably underestimate the role of in-

sects in the diet of the hawks, as insects are nearly completely di-

gested (Maser, pers. comm. 1980). This may especially bias the food

habits data of the Swainson's hawk as insects are known to be impor-

tant parts of their diet, evidenced by stomach analyses containing

large quantities of grasshoppers (Fisher 1893). The Swainson's

of the Zumwalt Prairie have been observed to congregate and feed in

fields abundant with grasshoppers (Hepton, pers. comm. 1979).

Schmutz (1980) also concluded that ground squirrels, in
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Table 4, Prey of re.-tai1ed hawks in the Zumwalt Prairie, based
on remains oundinnestsdurin9 1979 and 1980 nestling periods.

PREY NUMBER
PERCENTAGE
FREQUENCY

PERCENTAGE
BIOMASS

1979 1980 1979 1980 1979 1980

Mammals

Spermophilus beldingi 47 15 65.3 52.0 82.3 92.0

S. coluxnbianus 1 0 1.4 0.0 3.5 0.0

Thomomys talpoides 11 0 15.2 0.0 5.8 0.0

Microtus montanus 5 9 6.9 31.0 1.2 7.4

Mustela frenata 1 0 1.4 0.0 1.2 0.0

Domestic kitten 1 0 1.4 0.0 - -

Birds

Phasianus coichicus 1 0 1.4 0.0 3.9 0.0

Sturnella neglecta 1 0 1.4 0.0 0.5 0.0

Aegolius acadicus 1 0 1.4 0.0 0.5 0.0

Pica pica 1 0 1.4 0.0 0.6 0.0

Pooecetes gramineus 1 0 1.4 0.0 0.1 0.0

Passeriformes
unidentified

1 1 1.4 3.4 0.4 0.6

Insects

Orthoptera 0 1 0.0 3.4

Coleoptera 0 1 0.0 3.4

Hymenoptera 0 1 0.0 3.4

Snakes 0 1 0.0 3.4



Table 5. Pzey of ferru9inous hawks in the Zuniwalt Prairie, based
OrIfl.iflS foUfldinnests.düring. 1979 and 1980 nestling.periods.
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PREY NUMBER
PERCENTAGE
FREQUENCY

PERCENTAGE
BIOMASS

1979 1980 1979 1980 1979 1980

Manuals

Spermophilus beldingi 11 33 61.1 51.6 88.5 78.1

Thomomys talpoides 4 15 22.2 23.4 9.6 10.6

Microtus montanus 1 5 '5.6 7.8 1.1 1.6

Birds

Perdix perdix 0 3 0.0 4.7 0.0 9.2

Passeriformes
unidentified

1 2 5.6 3.1 0.8 0.5

In sects

Coleoptera 6 5.5 9.4



Table 6. Prey of Swainson's hawks in the Zumwalt Prairie, based on
remains found in nests during 1979 and 1980 nestling periods.
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PREY NUMBER
PERCENTAGE
FREQUENCY

PERCENTAGE
BIOMASS

1979 1980 1979 1980 1979 1980

Mammals

Spermophilus beldingi 4 4 40.0 23.5 81.1 77.4
Thomomys talpoides 0 2 0.0 11.8 0.0 11.6
Microtus montanus 4 2 40.0 11.8 10.8 5.2

Birds

SturneIla neglecta 1 0 10.0 0.0 6.0 0.0
Passeriformes

unidentified
1 3 10.0 17.6 2.0 5.8

Insects

Coleoptera 0 5 0.0 29.4

Snakes 0 1 0.0 5.9
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sonii.), were the SLost inportant food items for all three species of

hawks in the Alberta study area. Many studies have revealed that

9round squirrels are extremely important prey items and if avail-

able will contribute the major biomass to the diets of red-tailed,

ferruginous, and Swainson's hawks (Fitch etal. 1946, Craighead and

Craighead 1956, Luttich etal. 1970, 1971, Beebe 1974).

The total dietary overlap between the three hawk species was

calculated in 1979 and 1980 by a method developed by Holmes and

Pitelka (1968) and used by Schmutz et al. (1980). In 1979, red-

tailed and ferruginous hawks had an overlap in their diets of 90 per-

cent; in 1980 the overlap was 80 percent. Red-tailed and Swainson's

hawks also exhibited high overlap in their diets: 88 percent in 1979

and 83 percent in 1980. Ferruginous and Swainson's hawks had a total

dietary overlap of 83 percent in 1979 and 95 percent in 1980. Over-

lap figures for the Swainson's, however, may be overestimated because

of the inability to calculate the total percentage that insects

contributed to their diet.

Schmutz et al. (1980) found the dietary overlap between ferrugi-

nous and Swainson's hawks during the two year course of their study

to be nearly the same as that found in this study: in 1975 the

overlap was 98 percent and in 1976 it was 82 percent. Red-tailed

hawks were not included in their calculations because of small sample

size (Schmutz et al. 1980).

Owing to the high overlap in the food habits of the three species,

Scbmutz et al. (1980) evaluated the possibility that red-tailed, fer-

ruginous, and Swainson's hawks segregated themselves ecologically by

selecting different sized individuals from the common prey, or were
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hunting in diffarent ways o at different times of the day. They

found no evidence, however, to suggest that prey were being parti-

tioned on the basis or prey size, sex, or age class, nor did they

find any indication of displacement in the time of day the different

species hunted. In the- Zumwait Prairie, all three species were ob-

served on many occasions hunting together over a common ground.

Food Availability

High and low densities of the Belding ground squirrel, the

major prey for each of the three species, are associated with suit-

ability of habitat (Turner 1972). The highest known densities of

this ground squirrel occur in alfalfa fields; in non-agricultural

lands, the densest populations are found in grassland meadows prolific

with sod-grasses, such as Kentucky bluegrass (Turner 1972, Costain

1978). Beiding ground squirrels do not occur in heavy forests, and

tall, dense grasslands are also avoided (Turner 1972). As the Zum-

wait Prairie is made up primarily of native perennial grasses that

are not overgrazed, excellent habitat is provided for the Belding

ground squirrel. And, as the major crop in the cultivated areas is

alfalfa, this habitat too is favorable.

Counts of the number of active burrows of the Belding ground

squirrel and northern pocket gopher in the different range sites and

cultivated land provided an index of the prey species' relative abun-

dance in the different habitat types of the Zumwalt (Maser, pers. comm.

1980). Twenty-two line-transects were conducted in the rolling hills

range site, 26 in biscuit scabiand, 18 in south exposure, 20 in

north exposure, 16 in dry mountain meadow, and 12 in the cultivated
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area (southern unit),

An analysis of varince o ccut data (square root trnsfored)

of the six habitat categories was used to determine if significant

differences occurred in the densities of ground squirrel burrows and

pocket gopher mounds among the sites. Ground squirrel burrows and

pocket gopher mounds indeed were found to differ significantly among

the six sites of the Zumwalt Priaire (squirrels: '=2963, PO.00Ol;

gophers: F=39.99, P(O.000i), The Bonferroni method (Neter and Was-

serluan 1974) was then used to determine which sites differed signif-

icantly (P0.05) from each other in numbers of squirrel burrows and

gopher mounds (Table 7)..

The cultivated area exhibited the densest populations of ground

squirrels and pocket gophers. In the native prairie, the dry moun-

tain meadow range site, composed primarily of Kentucky bluegrass,

had significantly greater densities of pocket gophers than the other

habitats. This site and the north exposure range site had the great-

est abundance of ground squirrels in the prairie. All of these re-

suits confirm the conclusions of Turner (1972) and Costain (1978).

Roiling hills and biscuit scabland range sites were intermediate in

densities of the prey species, The south exposure site had virtual-

ly no ground squirrels or pocket gophers; this is probably because

of its shallow soils.

As succulent vegetation, primarily grasses, is the Belding

ground squirrel's staple food, every effort ranchers make to iim-

prove their rangeland (e.g., increasing water availability by the

creation of stock ponds; protection of soil quality; the halting of

overgrazing; allowing for more native, perennial grass species) pro-



Table 7. Nwrther of Belding ground squirrel burrows and northern
pocket gopher mounds per 200 m x 3 m transect. Transects were con-

ducted in June and July of 1980 in the major range sites and in
cultivated land (alfalfa) of the Zumwalt Prairie, Oregon.

Belding Ground Squirrel
Burrows

Mean Count!

Habitat Type Transect

A Cultivated Land 14.50

B Dry Mountain Meadow 6.63

B Moderate North Exposure 6.52

C Rolling Hills 2.41

C Biscuit Scabland 2.25

D Moderate South Exposure 0.06

Northern Pocket Gopher
Mounds

Mean Count!

Habitat Type Transect

A' Cultivated Land 43.05

B Dry Mountain Meadow 20.27

C Biscuit Scabland 5.42

C Moderate North Exposure 4.53

C Rolling Hills 2.88

D Moderate South Exposure 0.01

1Those sites that share letters have no significant differences

(P=0.05).
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duces a more favorable habitat for this species (Turner 1972). An

attempt was made to relate ground squirrel and pocket gopher densi-

ties to range conditions occurring within the range sites of the Zum-

wait Prairie. But as most of the range condition fell within a narrow

span -- mostly occurring in good condition --the spread of range con-

dition categories was not adequate to obtain reliable results from

a regression analysis.

Timing Of Nesting Activities

Although data on the exact time of arrival of the three species

to the prairie and initiation of nesting activities were not col-

lected in 1979 and 1980, general information was collected on arrival

and nesting dates of the hawks. Red-tailed and ferruginous hawks

showed considerable overlap in hatching dates, the Swainson's nesting

later in the spring. Good chronological information is available

from nearby southcentral Washington, where Fitzner et al. (1981)

reported average hatching dates for red-tailed hawks of May 14 (range

May 2 - May 26, n=19) and for the Swainson's hawk of June 14 (range

June 1 - June 25, n=39). Similar information collected south of

Boise, Idaho, between 1973 and 1980 indicated an average hatching date

for red-tailed hawks of May 6 (range April 18 - June 18, .n75) and

for the ferruginous hawk of May 19 (range May 1 - June 4, n=22) (un-

published data, Snake River Birds of Prey Area). These data indicate

that the red-tail nests nearly two weeks earlier than the ferruginous

hawk, but with considerable overlap; the Swainson's hawk nests ap-

proximately one month later than the red-tail. Schmutz et al. (1980)

also observed similar staggered nesting dates in Alberta, but thought



the differences too slight to reduce competition for the food re-

source.

Territoriality

Territoriality is not expected to evolve unless there .is a p0-

tentia]. for competition for the use of limited resources (Pianka 1975).

Competition between red-tailed, ferruginous, and Swainson's hawks was

evidenced in two ways in this study: (1) on several occasions the

three species were observed to display agonistic behavior near their

nest sites when an invading neighbor of another Buteo species flew

near, and (2) the nests of all three species were regularly distri-

buted, suggesting that intraspecific and to a lesser extent inter-

specific territoriality played a role in couununity structure.

This phenomenon of Buteo territorial behavior was analyzed by a

method developed by Clark and Evans (1954) and used by Schmutz et al.

(1980) to test if the distributions of the nests significantly dif-

fered from random. In this method, an index R measures the degree to

which the observed distribution approaches or departs from random ex-

pectation. In a random distribution, Rl; under conditions of maxi-

mum aggregation,R0; under conditions of maximum spacing, R2.15.

Red-tailed and ferruginous hawks intraspecific nest spacing in-

deed differed significantly from random in the direction of maximum

spacing (red-tail: R1.l8, P<0.0l; ferruginous: Rl.14, P<0.Ol)

(Fig. 5). The Swainson's hawk, although never observed nesting

closer than 1.1 km from another of its kind, did not show asignifi-

cant difference from randomness in the intraspecific spacing of its

nests (R=l.00, P=0.99). However, in Alberta Schmutz et al. (1980)

39



Figure 5. Intraspecific and interspecific distances between nests,
and the success of the nests, of the threeButeo species. Sample
sizes: red-tailed (100), ferruginous (47) and Swainson's hawks
(16).
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found both the ferru9inous hawk (R=l.28,P=0.00). and the Swainson's

hawk (R=l .24, P=0. 00) were significantly different from randomness

in the direction of maximum spacing.

Schmutz et al. (1980) observed the three species often nested

closer to coexisting species than to their own; none of the hawks in

Alberta maintained mutually exclusive interspecific territories. In

the Zumwalt Prairie, this was true for the ferruginous and Swainson's

hawk (R=O.87, P(0.005; R0.126, P0.005); the.Swainson's hawk nested

so close to other species that its nest distribution differed from

randomness in the direction of maximum aggregation. But the red-

tailed hawk of the Zuinwalt Prairie did maintain interspecific ter-

ritories in the direction of maximum spacing from the other two

species (R= 1.16, Pc0.05) (Fig. 5).

Even though ferruginous and Swainson's hawks of the Zumwalt were

observed nesting close to coexisting species, only 2 out of 162 nests,

the total number of Buteo nests in 1979 and 1980, were placed closer

than 0.3 km to nests of other species. This is in contrast to the

observation of Schmuteta1. (1980) that the three species often

nested c1oer than 0.3 km to a different species, even when construc-

tion of artificial nest sites provided the opportunity to nest further

apart.

Reproductive Performance

Several factors have been observed to influence the distribution

of nests and the breeding rates in raptors. Lokemoen and Duebbert

(1976) postulated that ferruginous hawks produced young at a lower

rate in tree nests than in ground nests. This was not the case for



the ferruginous hawks o the Zunwa1t successful tree nests had a

mean of 26O young per nest and successful graundnests (rocky out-

crops)had a mean of 2.69 young per:nest. The percentage of nests of

ferruginous hawks that fledged at least one young did not significantly

differ between those pairs that nested on the ground and those pairs

that nested in trees (1979: Y20.299, P0.61; 1980 .2=0.O06, P>0.90).

Henny et al. (1973) noted that nest success of red-shouldered

hawks (Buteo lineatus) of central Maryland declined when pairs nested

in close proximity to each other. Scbmutz et al. (1980) compared the

success of nesting pairs of ferruginous and Swainson's hawks in re-

lation to the distances between them, and found that ferruginous

hawks that nested less than 0.3 km from other Buteo hawks were less

successful in fledging at least one young than those pairs more than

0.3 km apart. The critical distance for Swainson's hawks was 0.2 km.

In the Zumwalt Prairie, hawks were almost always observed nesting

further apart than 0.3 km, and proximity of nests alone did not

account for decreasing nest success (Fig. 5).

Breeding rates appeared to be more affected by nesting pairs

being visible to each other. Gargett (1977) recorded that black

eagles (Aquilaverreauxi) in Rhodesia tended to nest where they could

not see each other; when other nesting eagles were visible, nesting

success decreased. In the Zumwalt Prairie, where there was adequate

topographic relief (cultivated land was excluded), only 10 out of 126

nests were distributed so that brooding pairs were visible to each

other. The effect on reproductive success of visibility between

brooding pairs was calculated for the three species. Red-tailed hawks

that could see another nesting pair of Buteos had a significantly
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lower percentage of successfuL nests than those redtails that were

visually segregated (2=724 P<O,OI). This same phenomenon was true

for ferruginous hawks (7.2=5.O2, PO.O5). Swainson's hawk nest suc-

cess, however, did not significantly decline when brooding pairs

were visthie (O..O6, P0.46),

Annual fluctuations in breeding rates are thought also to be as-

sociated with annual fluctuations in prey numbers (Newton 1979),

though evidence for this is mainly circumstantial. Newton (1979)

lists ten generalizations of performances that occur in poor, as

opposed to good, food situations:

Breeding densities are usually lower

Less of the available nesting territories are occupied

Fewer nesting pairs lay eggs

Fewer birds that lay eggs succeed in hatching and rearing

their young

Clutches and broods are smaller

Fewer immature-plummaged birds breed

Mean laying dates are later

Nestling growth rates and fledging weights are lower

Parental care is worse, including defense of the nest against

predators

Repeat laying after failure is less frequent

The first five of Newton's generalizations were quantitatively

analyzed for the 1979 and 1980 breeding seasons (Table 8); the last

five generalizations could not be adequately evaluated because of

time restraints.

In 1980, the breeding rate (i.e., the mean number of young pro-



Table 8. Number of nestlings reared to fledging by red-tailed, ferruginous, and Swainson's hawks in

the Zumwalt Prairie, 1979 and 1980.

eggs laid or nest failed

SPECIES

Number of Nests

Mean No. Young!

Successful Nest

Mean No. Young!

All Nests

Nestlings per nest

Total1 2 3 4 5 ?

RED-TAIL (prairie) 1979 8 8 9 9 2 0 2 38 2.03 1.69

1980 14 6 7 2 0 0 0 29 1.73 0.90

(cultivated land) 1979 4 5 7 1 0 0 1 18 1.69 1.29

1980 3 4 4 3 0 0 1 15 1.91 1.50

TOTAL 29 23 27 15 2 0 4 100 1.88 1.35

FERRUGINOUS 1979 7 3 2 5 3 1 0 21 2.79 1.86

1980 11 3 4 7 1 0 0 26 2.40 1.38

TOTAL 18 6 6 12 4 1 0 47 2.59 1.60

SWAINSON'S 1979 4 0 3 4 0 0 1 12 2.57 1.64

1980 3 1 0 0 0 0 0 4 1.00 0.25

TOTAL 7 1 3 4 0 0 1 16 2.38 1.27
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duced.er nesting pair) of aI,I. three species declined, with the ex-

ception of rea-'tai4ed hawks pesting within the cultivated area.

Breeding densities of red-tailed and Swainsonts hawks were lower in

1980 than in 1979 (Eerruginous hawks, however, increased their breed-

ing density by five pairs). Also, less of the available nesting ter-

ritories were occupied. For all three species combined, only 68

percent of nesting pairs in 1980 had eggs or young in their nests

when checked in June as compared to 75 percent in 1979. Of the nest-

ing pairs known to have laid eggs, only 58 percent succeeded in hatch-

ing young in 1980, while ii 1979, 73 percent were successful. Brood

size was also lower in 1980 than in 1979 for all three species.

The possibility exists that in 1980 adverse weather affected the

availability of the food supply, and thereby affected the breeding

rates of the hawks. In the Zumwait Prairie, the months of May, June,

and July of 1980 had greater than normal daily precipitation (Climato-

logical Data, Enterprise, Oregon) (see appendix). The activity level

of the Belding ground squirrel, the major prey item, is greatly af-

fected by weather conditions. Cloud cover and precipitation result in

a decreased amount of aboveground activity, and moderate or heavy rains

cause all aboveground activity to cease (Turner 1972). Thus it is

quite probable that the decreased availability of the Belding ground

squirrel in 1980 depressed the breeding success of the hawks ( the fre-

quency of the Belding ground squirrel in the diets of the three species

was noted to decline in 1980 (Table 4,5, and 6)). Gargett (1975) also

concluded for black eagles in Rhodesia that during seasons with below

average rainfall an increase in eagle breeding rates occurred while

during seasons that had above average rainfall the rates decreased.



PISCUSSION

Congeneric species are thought to experience the most intense

interspecific competition as they are similar morphologicaily, physio-

logically, behaviorally, and ecologically; they are thereby under

strong selection pressure to render differences that lead to ecologi-

cal segregation between them (Pianka 1978). In the Zumwalt Prairie,

the coexistence of numerous pairs of red-tailed, ferruginous, and

Swainson's hawks seemed to depend mainly on partitioning of nesting

habitat, these species apparently not segregating on the basis of

time of resource utilization or food.

The three hawk species exhibited a high overlap on their selec-

tion of food, mainly because of one prey species -- the Belding

ground squirrel. This species was abundant throughout the prairie

and the cultivated land because of extensive, optimal habitat condi-

tions, and its numbers may be a determinant of the narrow. food niches

of the hawks. Optimal foraging theory predicts that when food is

abundant, species are able to selectively forage and prey on a limit-

ed range of favored items (Pianka 1975). The observed high food over-

lap is probably indicative of minimal competition between the hawks

for food, because of prey abundance. Maximal tolerable overlap be-

tween species is thought to vary inversely with the intensity of com-

petition (the niche overlap hypothesis, Pianka 1974).

Competition for food, however, varies as environmental factors

change demand/supply rates. The effect of varying food supplies on

breeding raptors is thought to be directly correlated with variations

in their breeding rates (Newton 1979). For example, when prey is
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scarce, hawks axe less efficient ,ir hunting ad are therefore off

their nests for longer times .in search of food, thus leaving yOUfl9

more vulnerable to predation and the ill effects of inclement

weather. In poor food years,. breeding rates are usually lowered In

1980, the Zumwalt Prairie experienced significantly greater than

normal precipitation for the three months corresponding to the hawks'

breeding season. As rain and cloud cover result in the Belding

ground squirrel spending a preponderance of time underground (Turner

1972), its availability to the hawks declined. The Belding ground

squirrel declined in frequency in all three Butêos diet in 1980,

the birds' food overlap was also lowered slightly, and the breeding

rates of all three species declined. Community structure thus dif-

fered between the two years owing to the effects of a variable envi-

roninent.

Coexisting species showing a .high food overlap would be expected

to segregate along another resource axis. Differences in habitat

use could allow for continued coexistence in spite of considerable

overlap along some other resource such as food (Catchpoie 1973,

Schoener 1974). But cohabitation between coexisting species in

structurally simple environments, such as grasslands, is thought to

be the most difficult, for then only a limited number of methods of

exploitation are possible (Orians and Silson 1964).

The mosaic pattern produced by the seven different range sites

and the cultivated land of the Zumwalt Prairie contributed to in-

creased diversity within the grassland and provided an array of nest-

ing sites for the hawks. Locations of red-tailed, ferruginous, and

Swainson1s hawk nests showed microhabitat differences resulting in
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Low nesting iabitat cela ti.e three species, The tawks segre-

gated according to range sites and nesting substrates. In particu-

lar, red-tailed and ferruginous hawks were each observed using range

site types rarely occupied by either of the other hawk species. Fer-

ruginous hawks preferred south exposure range sites and used rocky

outcroppings as substrates for their nests; red-tailed hawks prefer-

red dense stands of cottonwoods in the cultivated area. Even though

the possibility existed for either species to nest in these sites,

as ferruginous hawks were observed to nest in cottonwood stands and

red-tailed hawks on rocky outcrops, overlap rarely occurred.

The occurrence of disjunct niches such as these often indicates

the avoidance of competition where it may potentially be severe

(Pianka 1978). And competition between the red-tailed and ferrugi-

nous hawk may conceivably be intense. The size and shape of red-

tailed and ferruginous nest-trees did not significantly differ, and

their time of arrival to the prairie in the spring and initiation of

nesting activities coincided. The Swainson's hawk, on the other hand,

arrived approximately one month later. Although it slightly overlap-

ped with red-tailed and ferruginous hawks in range site and nest sub-

strate selection, it may have been able to achieve some degree of

ecological segregation by its selection of nest-trees, which differed

significantly from those of the other two hawks in size and shape.

Although differences in the hawks' selection of range sites and

nest substrates usually appeared to provide ecological segregation,

some range sites were in demand by all three species. Competition

for nest substrates in these sites may be intense, each of the three

species having been observed usurping nests used the previous year
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by one of the other species, IUso, in these range sites, agonistic

behavior between the three species was observed on several occasions.

Coexisting species may also reduce competition and achieve eco-

logical segregation by the maintenance of interspecific and intra-

specific territories (Orians and'Wilson 1964, Cody 1974, Schmutz et

al. 1980). Species interactions that result in interspecific ter-

ritoriality are thought to be favored by natural selection when there

may be a potential for overlap in the use of limited resources at the

outset (Pianka 1978). In the Zumwalt Prairie, red-tailed and fer-

ruginous hawks maintained intraspecific territories, and red-tailed

hawks kept mutually exclusive interspecific territories as well.

The maintenance of intraspecific territories by red-tailed and

ferruginous hawks was also found in the Alberta study (Schmutz et al.

1980). But the fact that all Zumwalt hawks nested further apart than

0,3 km roni each other is in contradiction with the Alberta obser-

vations. This difference is not simply a function of differing hawk

densities -- both areas had approximately the same abundance of

2
Buteo pairs, an average of one pair per 4 kin . And it cannot be ex-

plained soley by the distribution of available nest sites. Nest

sites were available in the Zumwait Prairie that could have permit-

ted closer nesting for the hawks, but these were not utilized. The

difference may be due more to the differing proportions of the hawk

species in the two areas and the capacities of the species them-

selves.

In the Zumwalt Prairie, the red-tailed hawk was the predominant

hawk; this species may have the potential to experience intense com-

petition with ferruginous hawks. Interspecific territoriality,
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therefore, has .ike1r deeloped ew red-tailed hawks were pzesent

in the Alberta area and habitat differences kept them separated in

one portion of the study area. Thus competition between the few red-

tailed hawks and the other species was presumably reduced. The pre'-

dominant hawk of the Alberta area was the Swainson's hawk, a species

that apparently can tolerate close nesting to other hawk species.

In the Zuinwait, this speci.es was the only hawk that did not exhibit

significantly lowered nest success when interspeci.fic nesting pairs

were visible from its nest. It was observed to nest in close prox-

imity to both red-tailed and ferruginous hawks. As the distribution

of its nests differed from random in the direction of maximum aggrega-

tion, this hawk's life-history capacity may in part explain the ap-

parent weak interspecific territoriality of the Alberta Butêos.

The observable patterns of resource partitioning by the hawks

of the Zumwalt Prairie were strikingly similar to that by the hawks

of Alberta. In both cases, each of the three species greatly over-

lapped on food, preyed on one major prey species, and exhibited eco-

logical segregation by partitioning of space resources, through the

selection of different microhabitats and nest substrates and, in

varying degrees, through the maintenance of territories,

Patterns of distribution and abundance of a system of species

such as these is determined by the potential and realized capacities

of each species and their interrelationships with their coextensive

environment (Warren et al. 1979). The organization of the hawk

species of the Zumwalt Prairie was therefore a result of red-tailed,

ferruginous, and Swainson1s hawks capacities to use different nesting
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and food resources, tteix concoraances with the availability and

abundance of suitable nest sites and prey, the limitations imposed by

their interspecific and intraspecific interactions, and countless

variable effects produced by an ever-changing environment.



MPNEMENT IML ICAT IONS

The unusually high density of red-tailed, ferruginous, and

Swainson's hawks nesting within the Zumwalt Prairie results largely

from the existence of optimal habitat for each species, from optimal

distribution of necessary food and nest sites, and from these re-

sources occurring in a large supply. For the management of such a

system of populations, it i.s important to remember that 1) species

are directly dependent on availability of food and breeding sites,

and 2) species are in turn indirectly dependent on the coextensive

environments that support these resources. Organismic systems in-

corporate both their subsystems and the subsystem's particular en-

vironments (Warren etal. 1979).

For example, in the Zumwalt Prairie the major prey item for all

three species is the Belding ground squirrel. This species is highly

dependent on suitable habitat and climatic conditions. Deficiency

or excess of water appears to limit squirrel abundance, and its

tolerance range for water is similar to that which man desires for

crops and range (Turner 1972). Thus, as farmers and ranchers in-

crease water availability, as by the creation of stock ponds, they

are in turn increasing habitable areas for the Belding ground squir-

rel. And rancher's efforts to reverse overgrazing and increase

perennial grass species (which go to seed later than annuals) improve

habitat for this ground squirrel (Thrner 1972).

Grazing is a range management tool that can greatly influence

raptor prey populations' density and distribution. Grazing, by di-

rectly changing vegetation composition, density, and structure, in-

53
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directly can change small mammal nd bird populations by changing

these species' food and cver, Lack of grazing, resulting in tall,

heavy grasslands, will inhibit the Belding ground squirrel's dis-

tribution (Turner 1972), as well as limit the availability of this

prey species for foraging raptors. But overgrazing too can decrease

Belding ground squirrels, which do not prefer short grass (Turner

1972). Good range management practices, therefore, that maintain

grasslands in good to excellent condition, will provide an adequate

prey base for many raptorial species (Craighead and Craighead 1956).

The optimal Buteo habitat of the Zumwalt Prairie was in part

created by rancher's efforts to improve their range. By keeping their

rangelands in good to excellent condition, by creating stock ponds

throughout the prairie to increase the distribution of water, and by

closely controlling the grazing of their lands, the ranchers indi-

rectly have increased habitat suitability for the Belding ground

squirrel and thereby have presumably influenced the distribution and

density of red-tailed, ferruginous, and Swainson's hawks.

Another environmental subsystem of the three hawk populations

involves the distribution and abundance of nest sites. A land clas-

sification system, such as the national Soil Conservation Service

Range Site Classification System, provides an excellent way to make

inferences and predictions about the suitability of nesting habitat

for hawks. Range site descriptions, deinarcating topography, soil

conditions, and. present and potential plant communities, can indicate

what nesting substrates may be available or potentially available and

ways of managing the sites to produce desired vegetation effects.

The seven different range sites of the Zuxnwalt Prairie varied in



55

their capacities to produce nest substrates for the hawks! By study-

ing the capacity o each range siter the habitats could potentially

be managed, as through grazing practices, to produce optimum nesting

habitat for desired hawk species. For example, in the Zumwalt

Prairie, lone pine trees and aspen groves composed of few trees were

prime nesting sites for all three Buteo species. Overgrazing of

rangeland, by either livestock or elk, will result in seedling

aspens and pines being eaten or trampled (Olmsted 1979). By keeping

rangeland in good condition and creating numerous stock ponds to

evenly distribute livestock, such nest substrates can be protected

and their growth encouraged. Ferruginous and Swainson's hawks, how-

ever, were never observed nesting in dense stands of pines, aspen,

orcottonwoods. In this way, too, range sites that had the potential

to allow such growth could be managed to limit the density of trees.

Range management practices allowing for diversity of vegetation

is also beneficial. The edge between an open area and cover produces

areas richer in wildlife (Thomas 1979). The Swainsonts hawk may have

increased its range as a result of the coming of white man and an

increased diversity of grassland ecosystems. Fitzner (1978) pos-

tulates that the trees planted by early ranchers near farmsteads are

important nesting substrates for the hawks, and in Precaucasion times

the hawk was less abundant because of scarcity of trees on the plains

and the setting back of succession because of regular range fires.

Another raptor management tool is the construction of artificial

nests and nest structures (Newton 1979). The placement of these

structures may have an important effect on their use by hawks. In

the Zumwalt Prairie, red-tailed and ferruginous hawks maintained
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intraspecific nestin9 territories, and red-tailed hawks kept mutual-

ly exclusive interspecific territories as wells If brooding pairs

of red-tailed or ferruginous hawks were visible to one another, their

nest success significantly declined. In the Zuinwalt, the mean in-

traspecific distances to nearest neighbors were 1.7 1cm, red-tailed,

2.0 km, ferruginous, and 2.7 km, Swainson's hawks. Interspecific dis-

tances to nearest neighbors were 1.7 kin, red-tailed, 1.5 km fer-

ruginous, and 0.8 kin, Swainson's hawks. For these reasons, nest

structures should be spaced according toButeo requirements.

The Zumwalt 'rairie also provided a good opportunity to compare

the density and distribution of hawks between native grassland and

cultivated land. Several authors have remarked that intensive land-

use practices that simplify habitats, such as the cultivation of

native grassland, have a detrimental effect on raptors by reducing

their nesting and hunting habitat (Powers etal. 1975, Howard and

Wolfe 1976, Newton 1979). Approximately one fifth of the Zuinwalt

Prairie was under cultivation, the majority of the land occurring

as a single unit at the southern end of the prairie. The area was

used intensively by one hawk species, the red-tail; this hawk nested

in high densities and at regular intervals in the large cottonwoods

that lined irrigation ditches, and seemed to be limited only by its

intraspecific territorial behavior. Prey was abundant in this area.

The major crop grown, alfalfa, is recognized as supporting higher

densities of Belding ground squirrels and pocket gophers than any

other habitat (Turner 1972, Costain 1978, Wakely 1978, this study).

Although red-tailed hawks actually preferred this habitat, fer-

ruginous and Swainson's hawks almost exclusively avoided it. Both
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species are highly sensitive to human interference early in their

nesting cycle (Weston 1969, Beebe 1974, Powers et al. 1975, Dunkle

1977, Fitzner 1978). Olendorff (1975) noted that ferruginous hawks

rarely nested near ectensivè cultivation, and proposed that there

may have been a decrease in populations of ferruginous hawks since

white man arrived primarily because of destruction of natural ha-

bitat through cultivation.

Cultivated areas composed of crops that require annual plowing,

unlike alfalfa, may indeed have detrimental affects on raptors by

reducing small animal populations by eliminating their food and cover

(Newton 1979). Frequently plowed, cultivated land that occurred as

sections interspersed in the native grassland of the Zumwalt Prairie

was devoid of nesting Buteos. This may have resulted from the lack

of any nesting sites within these areas, increased human disturbance,

and a possible reduction of prey species. Other raptor species were

observed to nest in such areas, however; the marsh hawk (Circus

cyaneus), a common raptor of the prairie, was known to nest on the

ground in cultivated fields on several occasions.

In general, for the production of optimal habitats for raptors,

management practices should emphasize the promotion of good environ-

ments for raptor prey species and nest sites. Range management pro-

grams that encourage good range conditions by prescribed grazing re-

gimes, regular dispersal of livestock, and diversity of habitat,

should result in ample prey populations for raptors. A dearth of

nesting substrates may be corrected for by constructing suitably

placed nest structures or by alleviating overgrazing that may be keep-

ing native trees or shrubs from achieving normal distribution.
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Appendix I. Descdptions of .ecologica range sites.

(Condensed from the Soil Conservation Service
Range Site Handbook, Blue Mountain Land Resource

Area of Oregon. 1968.)
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SOIL CHARACTERISTICS POTENTIAL NATIVE VEGETATION DETERIORATION OF PLANT
COMMUNI'ry AFTER

OVERGRAZING

Dense stand of perennial
plants. Dominated by Idaho
fescue (65%), bluebunch
wheatgrass (10%), and Sand-
berg's bluegrass (10%). Pe-
rennial foths, 10%.

For "biscuit" mantle, see
rolling hills. "Scebland"
dominated by Sandberg's
bluegrass (60%). Variety
perennial forbs, 10%.

No trees.

Moderately deep to
shallow. Silty sur-
face layers and
clayey subsoils.
Where shallow, usu-
ally stony.

For "biscuit" mantle,
see rolling hills.
"Scabland" soils very
shallow and very
stony. Loamy surface
layers, clayey sub-.
soils.

Shallow and stony.
Very stony loam over
very stony clay soils
Very susceptible to
erosion. rennial forbs, 10%. No

trees.

Stand of perennial plants, Runchgrasses replaced
85% grass. Dominated by annuals. Under
.hluebnch wheatgrass (60%), deterioration,

ldaho fescue (10%). Pe- areas occur.

Moderately deep and Dense stand perennial
non-stony. Silty sur- plants, 85% grasses. Dom-
face layer and clay- mated by Idaho fescue
ey subsoils. (70%). Perennial forbs,

10%. Isolated ponderosa
pinea and Douglas fir oc-
cur as accidentals in some
spots (Anderson, pars. comm.
1980).

Moderately deep to Dense stand perennial

deep. Non-stony. plants, 90% grass. Idaho

Clayey subsoils. fescue dominant (65%).

Deep soils. Loamy Dominated by ponderosa
throughout pro- pine. Perennial forbs,

file. shrubs, grasses occur.

Idaho fescue decreases.
Under severe deteriora-
tion, cheat grass, annual
broines, and other annuals
invade. Much hare ground.

For "biscuit" mantle, see
rolling hills. For "Scab-
land", annuals strongly
invade. Sandberq bluegrass
decreases and area is open-
ed up. Barret,.

severe
barren

by

Idaho fescue decreases.
Under severe deterioration,
cheai grass, annual bromes,
and other annuals strong-

ly invade.

Idaho fescue replaced by
sodgrasses. Annuals strong-

invade.

.Not determined.

ECOLOGICAL RANGE SITE OCCUREENCE ASPECT SLOPE

Rolling Hills On ridge- All 2-

tops and
other
gently
sloping
aress.

direc-
tions

15%

Biscuit Scabland On ridge- All 2-

tops and
other
qently
sloping
areas.

direc-
tions

15%

Moderate South On slop- SE, 15-

Exposure ing areas
alonq
drainages

S.

w
40%

Moderate North On moder- NE, 8-

Cxposure ately
steep
areas a-
long
drainages.

N,

NW
35%

Dry Mountain Bottoms, All 0-

Meadow along
streams.

direc-
tions

6%

Pine Grove Protected NE, 15-

(Anderson, pers.
comm. 1980.)

slopes be-
low ridge-
tops

N,

NW
60%

Aspen Grove Protected NE, 15-
(Anderson, pars.
comm. 1980.)

slopes be-
low ridge-
tops.

N,

NW
60%

Deep soils. Loamy Aspen trees dominant. Not determined.
throughout profile. Perennial forbs, huncth-
Usually gravelly. grasses, and shrubs occur.



Appendix II. Daily measurable precipitation for the months of
April-August, 1979 and 1980, Enterprise, Oregon.
(From Climatological Data, Oregon. U.S. Dept. of
Commerce. National Climatic Center, Asheville,
N.C.)
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APRIL
Total 1 2 3 6 7 8 9 10 11 12 14 15 17 19 20 21 22 23 26 27 28 29

1.72 .18 .26 .02 T .01 .07 .06 .11 .09 .04 T T .09 T T .17 .19 .31 T T .09 .03

(Departure from normal: +0.65)

MAY
Total 12 34 56 7 8 9 24 29

1.23 .44 .19 .03 .04 .04 .16 .53 .09 .02 .18 .02

(Departure from normal: -0.17)

JUNE
Total 7 17 18 20 26

1.23 .03 .95 14 .07 .03

1979

(Departure from normal: none)

(Departure from normal: -1.02)

JULY
Total

(Departure from normal: none)

AUGUST
Total



1980

APRIL.
Total 1 4 5 6 7 10 21 28 29 30

.69 T .10 .19 .03 T T .11 .19 .04 .03

(Departure from norm1: -Q.38)

MAY
Total 678 91012141516182122232425262728293.0
2.77 .22 T .29 .11.20 .01 .40 .09 .01 .01 T .03.14 .25 .21 .05 ,2]. T .08 .51

(Departure from normal: +0.86)

JUNE
Total 1 2 3 4 5 6 9 11 12 13 14 15 17 20 25 26 27

2.95 .12 .02 .09 .28 .26 .06 T .48 .47 .02 .70 .05 T .04 .10 .20 .06

(Departure from normal: +0.70)

JULY
Total 1 2 3 4 5 6 8 9 10 11 13 14 31

.90 .06 .05 .11 .09 .16 .19 .02 .04 .02 .01 .02 .05 .08

(Departure from normal: +0.28)

AUGUST

Total 14 18 30

1.60 1.30 .30 T

(Departure from normal: none)



Appendix III. Legal descriptions and habitat types of
nest locations of red-tailed, ferruginous,
and Swainson's hawks in the Zumwalt Prairie,
Oregon, 1979 and 1980. Symbols for the

habitat types are: rolling hills (RH),

south exposure (S), north exposure (N), dry
mOuntain meadow (MM), pine grove (P), aspen
grove (A), cultivated land--southern unit

(C). NOTE: The biscuit scabland range
site and cultivated landprairie are not
included, as no Buteo species were ever
observed nesting in these habitat types.
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RED-TAILED HAWK NEST LOCATIONS

68

Nest No. Year Used Township Range Section Habitat Type

1979 1980

1 x 2S 45E 29 C

2 x 2S 45E 33

center
C

3 x x 2S 45E i7ne C

4 x 2S 45E 9sw
SW C

5 x 2S 45E 9 C

6 x x 2S 45E 26 C

7 x 2S 45E 23 C

8 x 2S 45E 1O C

9 x 2S 45E 11 C

10 x 2S 45E 14 C

11 x 2S 45E 29 C

12 x x 2S 45E 21 C

13 x 2S 45E 36 C

14 x x 2S 45E 35 C

15 x x 2S 45E 25 C

16 x x 2S 45E 24
center

C

17 x 2S 45E 22 C

23 x 2S 45E 3 C

26 x 2S 45E 36 C

29 x 2S 45E
center

C

30 x 2S 45E 9 C

32 x x iN 46E 36 RH

35 x x iN 46E 25 A

36 x iN 47E 18 A

38 x 2N 46E 22 MN

40 x x iS 45E 1
center

A

41 x x iN 46E 31 A

42 x iN 45E 24 N

43 x x iN 46E 18 A

44 x x 2N 46E 29 A



RED-TAILED HAWK NEST LOCATIONS (cont.)
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Nest No. Year Used Township Range Section Habitat Type

1979 1980

46 x x iN 46E 8 A

48 x iN 45E 29
center

49 x 2S 45E 2

ne
C

54 x x iN 46E 36se A

55 x iN 47E 32
center

A

64 x iN 46E 12 P

69 x 2N 46E 24 A

73 x x iN 46E 18 A

76 x x iN 46E 20 N

77 x 2N 46E 34 A

78 x x iN 46E 4 A

79 x x 2N 46E 26 A

80 x 2N 46E 36 MM

82 x iN 46E 2 A

83 x iS 46E 5 A

84 x iN 46E 33 A

91 x x iN 45E 25 N

92 x iN 45E 11 P

95 x iN 46E i A

96 x x 2N 46E 36 N

97 x x iN 46E 14 MM

98 x x iN 46E 13 A

99 x x iN 47E 7 P

100 x x iN 46E 24 A

104 x iN 45E 15 A

108 x x iN 46E 32 N

110 x x iN 45E iiR N

112 x x iN 45E 10 P

115 x 2N 46E 33 A

116 x iN 46E 33 A



BED-TAILED HAWK NEST LOCATIONS (cont.)

Outside of study area, but in nearby vicinity:

FERRUGINOUS HAWK NEST LOCATIONS

Nest No. Year Used Township Range Section Habitat Type

1979 1980

8 x 2S 45E 10
center

31 x x 2S 45E mw
33 x iN 46E 26

34 x iN 46E 36
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NestNo. Year Used Township Range Section Habitat Type

1979 1980

118 x is 46E 15 N

120 x 2S 45E 23 C

121 2S 45E 24

122 x 2S 45E 20 C

123 x 2S 45E 27 C

124 x 2S 45E 33 C

126 x iN 46E 20 A

133 x iN 46E 12 center P

134 x is 45E 24 S

136 x iN 45E 25 N

138 x iS 46E 15 N

140 x iN 46E 33 S

18 x is 44E 35

19 x iS 44E 23

20 x iS 44E i4

21 x iS 44E 2

22 x iN 44E 36

53 x iN 44E 25

63 x 2N 45E 32

94 x iN 47E 35 center

101 x 2N 45E 33

C

S

N

N
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FERRUGINOUS HAWK NEST LOCATIONS .(cont.)

NestNo. Year Used TOwnShip Range Section Habitat Type

1979 1980

37 x 2N 46E 25 RH

50 x iN 45E 33 MM

61 x x iN 47E 30 A

65 x x iN 47E 33nw N

66 x x 2N 46E 34 MM

68 x x iN 46E 7f N

72 x x iN 46E 18 N

74 x iN 46E 18 N

81 x 2N 46E 35 S

86 x x iN 46E 33 center S

89 x iN 45E 36 N

90 x is 45E 36 A

103 x x iN 45E 15

nw
N

105 x iS 45E 3sw S

106 x x is 45E 10 S

107 x x is 45E 11 S

111 X X iN 45E 12 N

113 X iN 45E 34 S

114 x is 45E 36 S

115 x 2N 46E 33 A

ii7 x x iN 46E 22 S

i25 x 15 .46E 10 S

128 x iN 45E 26 RH

130 x iN 46E 3

nw
N

131 x iS 45E ilnw S

132 x iS 45E 3 5

137 x iN 45E 25 S

139 x iN 45E 26 RH

141 x 15 46E i7 5

142 x 15 45E 21 S



FERRUGINOUS HAWK NEST IOCATIONS (cant.)

Outside of study area, but in nearby vicinity:

Nest No. Year Used Tcwnship Range Section Habitat Type

1979 1980

SW
iN 44E 36 ne

ne
iN 45E 30 ne

SW
iS 44E 12 nw

nw
iS 44E 2se

nw
15 44E 3ne

SW
15 44E me

SWAINSON'S HAWK NEST LOCATIONS
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Nest No. Year Used Township Range Section Habitat Type

1979 1980

25 x 2N 46E 27 MM

34 x iN 46E 36 A

39 x iN 46E 3i A

45 x iN 46E 7 A

59 x x iN 47E 29 A

60 x iN 47E 30 A

71 x iN 46E 19 A

83 x iN 46E 5 A

85 x iN 46E 33 A

89 x iN 46E 36 N

90 x iS 45E 36 A

93 x iN 45E i4 N

109 x iN 45E i5 RH

127 x iN 46E i9 N

135 x iS 47E 7 RH

24 x

47 x

56 x

57

58 x

102 x


