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Journal of Animal Ecology (1988), 57, 3748

DIETARY RESPONSES OF THREE RAPTOR SPECIES
TO CHANGING PREY DENSITIES
IN A NATURAL ENVIRONMENT

By KAREN STEENHOF anp MICHAEL N. KOCHERT

Snake River Birds of Prey Research Project, Bureau of Land Management, 3948
Development Avenue, Boise, Idaho 83705 U.S.A.

SUMMARY

(1) Diets of three nesting raptor species were evaluated from 5939 prey items collected
from nests in south-western Idaho during a 10-year period that included a complete jack
rabbit population cycle and an unusual ground squirrel population crash.

(2) Jack rabbits were the principal prey of golden eagles; Townsend’s ground squirrels
were the main prey of prairie falcons and red-tailed hawks. Prairie falcons had the most
specialized diets, and red-tailed hawks the most diverse. None of the three raptor diets
reflected the relative abundance of prey types in the environment.

(3) Diet diversity of each of the three raptor species expanded as the abundance of their
main prey declined. Ground squirrels and birds were alternate prey for eagles; gopher
snakes, kangaroo rats, and rabbits were alternate prey for red-tailed hawks. Prairie
falcons had no single important alternate prey species.

(4) Yearly frequencies of main prey in each of the three raptor diets were correlated
with the annual abundance of that prey in the environment. Frequencies of alternate prey
were correlated not with their own abundance but inversely with the abundance of the
principal prey.

(5) Eagle preference for jack rabbits was strong and unaffected by changes in prey
densities. Red-tailed hawk selectivity for jack rabbits was inversely related to ground
squirrel abundance, suggesting ‘switching’ behaviour. Prairie falcon selectivity for
ground squirrels did not vary with ground squirrel densities.

(6) Prey choice was generally consistent with predictions of the original optimal diet
model, but red-tailed hawk prey selection appeared to depend on relative prey densities.
Degree of diet specialization and plasticity are probably related to a raptor’s life-history
characteristics, and may influence a raptor’s effects on its prey populations.

INTRODUCTION

Several investigations have documented dietary or functional responses of raptor
breeding populations to changes in prey abundance (e.g. Mclnvaille & Keith 1974;
Kellomaki 1977, Adamcik, Todd & Keith 1978, 1979; Goszczynski 1981; Nilsson 1981;
Village 1981, 1982; Lindén & Wikman 1983; Korpiméki 1985). Few, however, have
sought the possible mechanisms of prey selection.

From 1971 to 1981, prey densities, raptor densities, and raptor diets have been
monitored in the 340 000 ha Snake River Birds of Prey Area (U.S. Department of Interior
1979). Each year, approximately 30 golden eagle (Aquila chrysaetos), 60 red-tailed hawk
(Buteo jamaicensis), and 200 prairie falcon (Falco mexicanus) pairs nest in the Snake River
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38 Raptor dietary responses

Canyon (U.S. Department of Interior 1979). Populations of their prey species fluctuate.
Black-tailed jack rabbit (Lepus californicus) abundance fluctuates cyclically (Gross,
Stoddart & Wagner 1974), and Townsend’s ground squirrel (Spermophilus townsendii)
populations change in response to climatic conditions (Smith & Johnson 1985).

In this analysis, we examine the diets of three species of diurnal raptors nesting in the
canyon to: (i) document their functional responses to changing prey densities; (ii) identify
factors associated with diet specialization and plasticity; (iii) determine how raptor
preferences for prey change in response to changing prey densities; and (iv) relate our
findings to current theories about foraging strategies and predator—prey relationships.

MATERIALS AND METHODS

Study area

The study area is in south-western Idaho at 42°50'N, 115°50'W. Its principal
physiographic feature is the Snake River Canyon, with basalt cliffs ranging from 2 to 125
m in height. Topography above the canyon is generally flat with a few isolated buttes.
Elevation ranges from 770 m in the canyon bottom to 1000 m at the rim. Vegetation is
characteristic of a shrub—steppe community, with big sagebrush (Artemisia tridentata
Nutt.), shadscale (A¢riplex confertifolia (Torr. & Frem.) Wats.) and winterfat (Ceratoides
lanata (Pursh) J. T. Howell) vegetation associations.

Prey abundance

From 1977 through 1981, jack rabbit abundance was assessed by spotlighting from a
vehicle along line transects (Smith & Nydegger 1985). In 1971, 1973, and 1975 through
1981 the average number of jack rabbits seen per day from late March through July by a
two-person raptor survey crew was tabulated from field notes. Jack rabbits per crew-day
and jack rabbit densities from spotlighting were correlated (r=0-94) from 1977 to 1981,
and the relationship (y =0-124 +0-099x, where y = predicted density and x =jack rabbits
per crew-day) was used to estimate pre-1977 jack rabbit densities. Jack rabbit density was
highest in 1971, but it decreased sharply in 1973 and remained low through 1977 (Fig. 1).
Numbers increased from 1978 through 1981, but the peak reached in 1981 was lower than
that attained in 1971.

Townsend’s ground squirrel densities were estimated from live-trapping grids from
1975 through 1981 (Smith & Johnson 1985). Hole count transects (U.S. Department of
Interior 1979) were used to assess relative abundance of ground squirrels in different
habitats. On the basis of subjective observations, we assumed that 1971 and 1973 ground
squirrel densities were similar to those in 1975. Numbers of ground squirrels declined
sharply in 1977 (Fig. 1) as a result of an unusually severe drought (Smith & Johnson 1985).

Abundances of other prey species were assessed each year from 1975 to 1978. Small
rodents other than ground squirrels were censused using a combination of live-trapping
and snap-trapping (U.S. Department of Interior 1979). Snake densities were assessed
from captures in drift fences, and lizards were counted by observational strip census
(Diller & Johnson 1982). Nuttall’s cottontails (Sylvilagus nuttallii) were live-trapped in
selected habitats, and passerines were censused along walking transects (U.S. Department
of Interior 1979). Ring-necked pheasant (Phasianus colchicus) densities were estimated
from crowing count surveys (Kimball 1949) and Idaho Fish and Game Department data
(U.S. Department of Interior 1979). Because sampling methods detected no significant
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FiG. 1. Estimated density of black-tailed jack rabbits and Townsend’s ground squirrels in the
Snake River Birds of Prey Area, Idaho, U.S.A., 1971-81.

differences in populations of prey species other than jack rabbits and ground squirrels
among years (1975-78), we used constant density values for all years of the study.

To account for variation in prey densities among habitats (Diller & Johnson 1982;
Smith, Nydegger & Yensen 1984; Smith & Nydegger 1985; Nydegger & Smith 1986), we
adjusted yearly estimates of prey density by considering habitat composition in
generalized home ranges (Steenhof 1982) around nests where prey remains were collected.
Based on relationships between prey density and habitats reported in U.S. Department of
Interior (1979), we calculated annual prey densities as the average for all sample nests of a
given raptor species, weighted by the number of collections made at each nest. However,
because of the limited information on snake and cottontail distribution, we used average
densities for the entire study area.

Raptor diets

Diets of the three raptor species were sampled by collecting prey remains and pellets
from nests with young. Golden eagle nests were sampled in 1971 and from 1973 to 1981;
red-tailed hawk nests from 1973 to 1980; and prairie falcon nests from 1974 to 1980. The
number of nests sampled per species per year ranged from 4 to 17.

A ‘collection’ consisted of all prey remains and pellets gathered from a particular nest
on one day. For quantitative comparisons of predation rates (number of prey per
collection), we only used collections from nests where prey had accumulated for more
than 3 days or less than 5 days. In all, 1294 collections were used in the analysis.

Prey items were identified and tabulated according to procedures described by Steenhof
& Kochert (1985). Analyses were based on 5939 prey items; 2203 from golden eagles, 2065
from red-tailed hawks, and 1671 from prairie falcons. Prey collections from nests
probably underestimated the total number of individuals taken but accurately reflected
the relative frequencies of prey types in the diets (Collopy 1983a; Sitter 1983).

Weights were assigned to individual prey according to their sex and size class, based on
average weights reported by Steenhof (1983). Prey weights were log-transformed and
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reported as ‘geometric mean prey weights’ (Sokal & Rohlf 1981; Jaksi¢ & Braker 1983;
Jaksi¢ & Carothers 1985).
Population dietary breadth was calculated using Levins’ (1968) formula:

where P; represents the proportion of the diet contributed by the ith taxon. Values of this
index range from 1 to n. Breadth measures were based on the frequencies of individual
prey species in the diet, as recommended by Greene & Jaksic (1983), except that woodrats
(Neotoma spp.), kangaroo rats (Dipodomys spp.), dabbling ducks (Anas spp.), shrews
(Sorex spp.), and gulls (Larus spp.) were grouped by genus, and invertebrates were
grouped by order. Vertebrate prey that could not be identified to genus were excluded
from calculations of diet breadth.

To assess the amount of variation among conspecific nesting pairs in a given year we
used contingency tables to contrast the diets of each nesting pair sampled (Sherry 1984). A
G-statistic (Sokal & Rohlf 1981) was calculated for each contingency table where the cases
were nesting pairs and the classes were prey taxa. Individual prey species that comprised
more than 10% of a raptor species’ diet in any year were treated as separate classes; most
other taxa were grouped by order. Anindex to ‘population diet heterogeneity’ (PDH) was
computed by dividing the G-statistic by the degrees of freedom, where degrees of freedom
equals the product: (prey taxa— 1) (pairs — 1) for the appropriate year and species (Sherry
1984).

Selectivity indexes were computed as:

S=(NE|/NE,— Ni/N,)/(NE|/NE>+ Ni/N>),

where NE; is the number of prey species i eaten per collection and N; is the estimated
density of species i in the environment (Jacobs 1974; Cock 1978).

RESULTS

General characteristics of raptor diets

Black-tailed jack rabbits were the main prey of golden eagles during the study period
(Fig. 2a). Rodents, especially Townsend’s ground squirrels, were the prey species found
most frequently in red-tailed hawk and prairie falcon nests (Fig. 2b, and c). Red-tailed
hawks had the most diverse diets of the three raptor species (diet breadth for all years
pooled = 6-69). Red-tailed hawks consumed at least 69 different prey species between 1973
and 1980, three of which (Townsend’s ground squirrel, Nuttall’s cottontail, and gopher
snake (Pituophis melanoleucus Daudin)) each comprised more than 10% of the prey items
found at nests. Prairie falcons had the most specialized diets with a diet breadth of only
2-77. Although 64 different prey species were found in prairie falcon nests, the Townsend’s
ground squirrel was the only species that comprised more than 5% of the prey items
found. Golden eagle diets were intermediate, with 65 prey species consumed and a diet
breadth of 3-81. Two species, the jack rabbit and cottontail, each comprised more than
10% of the golden eagle prey items, and two others (ground squirrel and ring-necked
pheasant) each comprised more than 5%.
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falcon diets.

Variation in diet among pairs within the population was lower for prairie falcons
(PDH, x=1-63, n=6, S.D.=0-36) than for golden eagles (PDH, x=2-62, n=9,
S.D.=0-88) or red-tailed hawks (PDH, x=2-44, n=7, S.D.=0-91), emphasizing further
the narrow food-niche of prairie falcons in the study area.

Geometric mean prey sizes were 690 g for eagles, 135 g for red-tailed hawks, and 97 g for
prairie falcons. Sizes of prey taken ranged from 10 to 5800 g for eagles and from 1 to 2114
g for prairie falcons and red-tailed hawks. Golden eagles had the smallest variation in
sizes of prey taken (coefficient of variation = 16%). Sizes of prey taken by red-tailed hawks
were most variable (C.V.=25%), and prairie falcons were intermediate (C.V.=23%).
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TaBLE 1. Raptor preference and avoidance of prey taxa for all years pooled, based

on analytical methods described by Neu, Byers & Peek (1974). Significant (P < 0-05)

preference is indicated by +, avoidance by — and no preference or avoidance by
N.S.

Deviations of the diet from
predicted frequencies in
the environment

Proportion of
Mean individuals in ~ Golden Red-tailed Prairie

Prey species mass (g)* the environmentf eagle hawk falcon
Black-tailed jack rabbit 1512 (0-004-0-007) + + N.S.
Nuttall’s cottontail 536 (0-017-0-019) + + N.S.1
Townsend’s ground squirrel 182 (0-041-0-121) +1 + +
Snakes 174 (0-068-0-076) — +§ -
Other rodents 102 (0-677-0-734) — — —
Passerines 81 (0-018-0-023) NSt +§ +
Lizards 19 (0-081-0-108) — — NSt

* Based on weights reported by Steenhof (1983) and species and size class frequencies in
the diets sampled for this analysis.

T Ranges given are based on mean yearly densities of prey at sample sites of each raptor
species.

1 A significant avoidance was exhibited when ‘other rodents’ were excluded from the
analysis.

§ Preference was not significant when ‘other rodents’ were excluded from the analysis.

Frequencies of prey in each of the three raptor diets differed significantly from their
relative abundance in the environment (y? tests, 6 d.f., P <0-01; Table 1). Prey species that
were the most common in the diets were not the most common in the environment.
Golden eagles generally preferred the larger prey types and avoided the smallest prey.
Red-tailed hawks also preferred the larger prey and, like eagles, avoided rodents other
than ground squirrels. Prairie falcons concentrated on ground squirrels and passerines
which were in the middle of the prey size range. Falcons showed neither preference nor
avoidance for the largest and smallest prey, but they avoided both snakes and rodents
other than ground squirrels. Several rodents in the study area were nocturnal and may
therefore have been generally unavailable to diurnal raptors. Re-calculation of the
preference patterns with nocturnal rodents excluded, however, showed only minor
differences from the complete analysis (Table 1).

Yearly changes in diet composition

The proportion of the golden eagle diet comprised by jack rabbits fell from 72% in 1971
to 21% in 1973 as jack rabbit abundance declined (Fig. 2a). Associated with this decrease
was a complementary increase in the percentage of rodents, birds, and other prey in the
eagle diet. In 1973 and 1974, the percentage of Townsend’s ground squirrels exceeded the
percentage of jack rabbits in the diet. However, when jack rabbit populations increased
after 1976, there was a concomitant increase in the proportion of the diet comprised by
jack rabbits (Fig. 2a).

Ground squirrels were the principal prey of red-tailed hawks in 1975 and 1976, but they
nearly disappeared from the red-tailed hawk diet in 1977, the year of lowest squirrel
density (Fig. 2b). The proportions of several other prey species, notably gopher snakes,
kangaroo rats (Dipodomys spp.), and rabbits increased in the red-tailed hawk diet during
the years of low ground squirrel abundance. After 1977, the percentage of ground
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squirrels in the diet increased, but only to half of the level observed prior to the squirrel
population crash. Rabbits, snakes, and other rodents continued to comprise substantial
proportions of the red-tailed hawk diet in the last 2 years of the study.

Ground squirrels were the main prey of prairie falcons in all years. Although the
percentage of ground squirrels in the diet declined during the drought year of 1977,
squirrels still comprised more than 30% of prairie falcon prey in that year (Fig. 2¢). There
was no single important alternate prey species of prairie falcons during years of low
ground squirrel abundance. Passerines as a group comprised 26% of the diet in 1977, but
even the most commonly taken passerine (horned lark, Eremophila alpestris Linnaeus)
never comprised more than 11% of the falcon diet in any single year. By 1980, ground
squirrels had returned to pre-drought levels in the falcon diet.

Diet breadth and population diet heterogeneity

Diets of each raptor species expanded as populations of their main prey declined. Diet
breadth of golden eagles was inversely correlated with jack rabbit density (r= —0-77,
n=9, P<0-01) but not with squirrel or total prey density (Ps > 0-18). Red-tailed hawk diet
breadth was inversely correlated with squirrel density (r= —0-85, n=6, P=0-02), total
prey density (r=—0-77, n=6, P=0-04), and combined squirrel and rabbit densities
(r=—0-83, n=6, P=0-02) but not with jack rabbit density (P=0-12). Similarly, prairie
falcon diet breadth was correlated with squirrel density (r= —0-83, n=6, P=0-02), total
prey density (r= —0-78, n=6, P=0-03), and combined squirrel and jack rabbit densities
(r=—084,n=6, P=0-02).

Population dietary breadth measures can be large if all or most nesting pairs in the
population have a varied diet or if certain nesting pairs specialize in different prey items.
Our index to specialization by pairs was population diet heterogeneity (PDH). Yearly
PDH values did not correlate with either population diet breadth (Ps>0-16) or prey
densities (Ps>0-08) in any of the three raptors, suggesting that most nesting pairs
diversified their diets similarly during the prey shortage.

Numbers of individual prey per collection

Black-tailed jack rabbits were the only prey whose frequencies in the golden eagle diet
correlated with their own densities in the environment (Table 2). The frequency of all
other species except pheasants was inversely related to jack rabbit density, but not at
statistically significant levels (Table 2; Ps>0-12). Absolute densities of jack rabbits were
slightly better predictors of prey frequencies in the eagle diet than were relative jack rabbit
densities (Table 2).

Frequencies of alternate prey in the red-tailed hawk diet were also unrelated to their
own abundance in the environment (Table 3). Instead, they were inversely related to the
densities of the red-tailed hawk’s main prey, ground squirrels. The inverse relationship
with squirrel densities was significant (P=0-003) for jack rabbit frequencies, and it
approached significance for passerines and pheasants (Ps=0-06 and 0-11, respectively).
Ground squirrels were the only prey species whose frequencies in the diet were correlated
with their own densities. However, relative squirrel densities were slightly better
predictors of the red-tailed hawk diet than absolute densities (Table 3). None of the
individual prey frequencies was correlated with jack rabbit densities (Ps > 0-05).

Frequencies of ground squirrels in the prairie falcon diet were positively and
significantly correlated with squirrel densities and also combined ground squirrel/jack
rabbit densities. Frequencies of three of the five alternate prey groups were inversely and
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TaBLE 2. Correlation coefficients for prey densities in the environment and number
of prey per collection in golden eagle diets, 1971-81 (n=9)

Own density Jack rabbit density
Absolutet Relative] Absolutef  Relative]

Black-tailed jack rabbit 0-73* 0-71* 0-73* 0-71*
Ring-necked pheasant 0-49 0-48 0-11 0-09
Townsend’s ground squirrel 0-13 0-09 —0-44 —0-42
Other rodents 0-40 0-36 —0-42 —0-42
Passerines —0-09 —0-25 —0-41 —0-41
Lizards —0-20 —0-47 —0-23 —0-32

*P<0-05.
T Actual density of prey in the environment.
1 Fraction of the total prey density comprised by the taxa.

TABLE 3. Correlation coefficients for prey densities in the environment and number
of prey per collection in red-tailed hawk diets, 1975-80 (n=6)

Own density Ground squirrel density
Absolutef Relativel Absolutet Relative}
Black-tailed jack rabbit 0-02 0-07 —0-94* —0-95*
Ring-necked pheasant 0-12 0-23 —0-58 —0-57
Townsend’s ground squirrel 0-81* 0-84* 0-81* 0-84*
Other rodents 026 0-18 —0-22 —0-24
Passerines —0-40 0-26 -0-71 —0-72
Lizards 0-36 0-30 0-36 0-36

*P<0-05.
T Actual density of prey in the environment.
1 Fraction of the total prey density comprised by the taxa.

significantly related to squirrel densities (Table 4). Absolute squirrel densities were better
predictors of the frequencies of ground squirrels, lizards, and passerines in the diet, but
relative squirrel numbers were slightly better predictors of pheasants (Table 4). The
frequency of passerines in the falcon diet was positively and significantly correlated with
relative passerine density (P=0-01) but not with absolute passerine density. No other
alternate prey taxa showed significant correlations between their own abundance and
their frequency in the prairie falcon diet.

Selectivity indexes

Golden eagles showed a strong preference (mean selectivity for 9 years, §=0-92) for
jack rabbits over ground squirrels in all years of the study. Eagles also exhibited a
preference for ground squirrels over the other prey combined (S=0-85). Golden eagle
selectivity for jack rabbits was unrelated to oscillations in either rabbit or squirrel
numbers (Ps>0-23).

Red-tailed hawks also preferred jack rabbits over ground squirrels (mean for 6 years,
S'=0-48), but preference was not as strong as in eagles. Red-tailed hawks preferred
ground squirrels over other prey species (S'= 0-84). Selectivity for jack rabbits with respect
to squirrels was inversely correlated with ground squirrel density (r=0-80, n=6,
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TaBLE 4. Correlation coefficients for prey densities in the environment and number
of prey per collection in prairie falcon diets, 1975-80 (n=6)

Own density Ground squirrel density
Absolutet Relative}  Absolutet Relative}
Black-tailed jack rabbit —0-04 —0-09 0-35 0-36
Ring-necked pheasant —0-25 —0-25 —0-79* —0-85*
Townsend’s ground squirrel 0-87* 0-85* 0-87* 0-85*
Other rodents —0-53 —0-27 0-03 016
Passerines —0-01 0-88* —0-84* —0-71
Lizards —0-59 —0-23 —0-76* —0-67

*P <0-05.
T Actual density of prey in the environment.
1 Fraction of the total prey density comprised by the taxa.

P=0-03), but selectivity for ground squirrels over other prey was unaffected by variations
in prey abundance.

Prairie falcons exhibited only a weak preference (mean for 6 years, S =0-18) for ground
squirrels over jack rabbits. In 2 of the 6 years, falcons actually preferred jack rabbits over
squirrels, and in 1 year, there was no preference. Falcons, however, showed a strong
preference (S=0-81) for ground squirrels over other species. Selectivity for squirrels over
rabbits was not correlated with the density of squirrels in the environment (P =0-44), but
it was positively correlated (r=0-97, n=6, P <0-01) with jack rabbit density. Preference
for squirrels over other prey was unaffected by changes in density of any prey species
(Ps>0-31).

DISCUSSION

Many theories attempt to identify the rules by which predators select prey. One of the
most popular has been optimal foraging, the view that predators select prey to maximize
fitness, usually net energy intake (MacArthur & Pianka 1966; Schoener 1971; Pulliam
1974; and reviews by Pyke, Pulliam & Charnov 1977; Krebs, Stephens & Sutherland 1983;
Pyke 1984). In the original optimal diet model, predator preferences are based on
profitabilities of prey and not relative frequencies of prey in the environment (Pulliam
1974). Other models attribute more importance to relative prey abundance, sometimes as
a variation of existing optimal diet models (Hughes 1979; Glasser 1982, 1984a,b),
otherwise as a separate theory (Murdoch & Oaten 1975; Fullick & Greenwood 1979;
Greenwood & Elton 1979).

Schluter (1981) listed three predictions of the original optimal diet model for which
there is little field evidence. First, when prey are abundant, predators should eat only the
most valuable prey type. Second, inclusion of other prey types in the diet should depend
not on their own abundance but on the abundance of more profitable prey. And finally, as
prey abundance declines, diet diversity should increase.

The majority of our findings are consistent with these three predictions. None of the
three raptor diets reflected the relative abundance of prey types in the environment.
Instead, raptors exhibited consistent preferences for certain prey items and concentrated
predation on a particular prey size range. Frequencies of alternate prey in the diet were
related not to their own densities but inversely with the densities of the preferred prey.
And finally, diets of all three raptor species expanded as prey densities, particularly of
their main prey, declined.
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Data on red-tailed hawk diets may also support an alternative model of frequency-
dependent prey selection. In contrast to eagles and falcons, red-tailed hawk selectivity for
prey was affected by variations in prey density: selectivity for jack rabbits was inversely
correlated with squirrel density, and relative prey densities were better predictors of the
diet than absolute densities. Red-tailed hawks, therefore, showed evidence of ‘switching’
behaviour, preying disproportionately more on squirrels when they were abundant with
respect to jack rabbits. Our results are consistent with Murdoch’s (1969) finding that
predators with weak but variable prey preferences exhibit switching behaviour while
those with either strong preferences (eagles) or weak but consistent preferences (falcons)
do not.

Differences in the raptors’ degree of specialization can be explained by some of their
life-history characteristics. Specialization is thought to be favoured when: (i) a predator
exploits a stable and abundant food supply (Emlen 1968; Schoener 1971; Sherry 1984); (ii)
the distance from the nest to the foraging area is great (Orians & Pearson 1979; Schoener
1979); (iii) predators rely more on pursuit than searching to secure their prey (MacArthur
& Pianka 1966; Schoener 1971); and (iv) difference among prey values are large and
unambiguous (Hughes 1979).

The generalist strategy of the red-tailed hawk is probably favoured because it is
intermediate-sized, forages within a small, defended area around the nest (U.S.
Department of Interior 1979), spends more time searching for rather than pursuing prey
(Orde & Harrell 1977; Bildstein 1978), and probably encounters a wide variety of prey
types and densities during its long migrations (Steenhof, Kochert & Moritsch 1984).
Specialization may be favoured in the prairie falcon because of its extensive foraging
ranges (U.S. Department of Interior 1979), its pursuit strategy of hunting (White 1962;
Goslow 1971; Phipps 1979; Haak 1982), and the non-cyclic nature of its main prey. The
golden eagle, with intermediate diet breadth and plasticity probably experiences pressures
for both specialization and generalization. The eagle’s relatively small foraging range
(U.S. Department of Interior 1979), its searching rather than pursuit strategy of hunting
(Collopy 1983b), and the cyclic nature of jack rabbit populations probably favour a wide
food-niche, but year-round residency as well as year-round availability of jack rabbits
may favour specialization. In addition, differences in prey profitabilities may be less
ambiguous for the large eagle and small falcon than for the intermediate-sized red-tailed
hawk.

Predator preferences and diet plasticity are factors that may significantly influence a
raptor’s effects on its prey populations (Hassell 1978). In our study the number of both the
preferred and alternate prey taken by each raptor was strongly associated with density of
the preferred prey. However, only in the generalist red-tailed hawk was the number of
preferred prey taken related to the density of alternate prey. For predators like golden
eagles and prairie falcons that have relatively fixed prey preferences, less preferred prey
species apparently did not effectively ‘buffer’ predator rates on main prey.

Additional research is needed to determine: (i) if the preferred prey are in any way
optimal for raptors, and (ii) if raptor predation affects prey population levels.
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