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Factors Affecting Interspecies Variation in Home-range Size of Raptors

M. ZACHARIAH PEERY'
Department of Wildlife, Humboldt State University, Arcata, California 95521, USA

Considerable work has been devoted to examining
factors that affect interspecies variation in home-
range size. Home ranges for most vertebrates in-
crease with body mass and decrease with increased
habitat productivity (e.g. McNab 1963, Schoener
1968, Harestad and Bunnell 1979, Lindstedt et al.
1986). Large species have high energetic require-
ments and presumably must occupy large home
ranges to obtain sufficient food, but even small spe-
cies occupy relatively large home ranges when the
availability of food is low. Interspecific variation in
home-range size also has been attributed to differ-
ences in age and sex (Harestad and Bunnell 1979,
Schoener and Schoener 1982), dominance status
(Schoener and Schoener 1982), and trophic status
(McNab 1963, Schoener 1968). For example, McNab
(1963) showed that mammalian “hunters’” have larg-
er home ranges than similar-sized “croppers” and
suggested that this difference was due to less bio-
mass of food per unit area being available at higher
trophic levels.

Raptors provide valuable insights into the factors
that affect an animal’s home-range size because they
use many different hunting tactics and take many
different kinds of prey (Snyder and Wiley 1976, Mar-
ti et al. 1993, Korpiméaki and Marti 1995). Newton
(1979:63) has shown that home-range size of raptors
increases with body mass, and Schoener (1968) has
shown that predatory birds have larger home ranges
than similar-sized nonpredatory birds. Here, 1 ex-
tend Newton’s and Schoener’s analyses by asking the
question: Does the way in which a raptor exploits its
prey base influence the size of its home range?

Assuming that raptor home ranges are deter-
mined, in part, by food availability (e.g. Marquiss
and Newton 1981, Village 1982), at least four predic-
tions can be made about the size of a raptor’s home
range. First, invertebrates generally occur in higher
densities than mammals for a given body size,
whereas mammals generally occur in higher densi-
ties than birds for a given body size (Greenwood et
al. 1996, Silva et al. 1997). Hence, one would expect
bird-eating raptors to have larger home ranges than
mammal-eating raptors, which in turn should have
larger home ranges than invertebrate-eating raptors.
Second, predators specializing on a narrow prey
base should have to range over a relatively large area
in order to encounter sufficient prey, whereas gen-
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eralists should encounter sufficient food within a
smaller area (Schoener 1969). Third, ““population
biomass’ increases with body mass for both birds
and mammals (Maurer and Brown 1988, Silva et al.
1997). Therefore, one would expect raptors that con-
sume large prey to have relatively small home rang-
es. Fourth, one might expect raptor home ranges to
increase with latitude, as they do for mammals (Har-
estad and Bunnell 1979, Lindstedt et al. 1986), be-
cause primary productivity decreases with latitude
(Lieth and Whitaker 1975). Alternatively, one might
expect breeding-season home ranges to decrease with
latitude because of a dramatic increase in primary
productivity in the summer at northerly latitudes.

- Methods.—For the purposes of this study, I consid-
ered raptors to be species within the orders Falcon-
iformes and Strigiformes, excluding carrion eaters.
In addition, I followed Burt’s (1943) definition that a
home range is the total area normally traversed by
an individual during foraging, resting, reproduc-
tion, and shelter-seeking activities.

I collected estimates of home-range size, body
mass, mean prey mass, diet breadth, and the pro-
portion of mammals, birds, and invertebrates in the
diet for 32 species of Holarctic raptors (Appendix). I
also recorded the latitude of the study from which
home-range data were obtained. If more than one es-
timate existed for a variable, I took the mean. Because
raptor diets vary in response to geographic gradients
in prey availability (Korpimé&ki and Marti 1995), I
collected diet estimates in the following order of pri-
ority: (1) from the same study as the home-range es-
timate, (2) from the same geographic region as the
home-range estimate, and (3) from the nearest geo-
graphic region(s) to the home-range estimate. Fol-
lowing Korpiméki and Marti (1995), I calculated di-
etary breadth at two levels of discrimination that as-
sessed both the number of prey types and their even-
ness in a sample (1/p?2 Levins 1968), where p was the
proportion of prey type i. At the broader level (B,),
the prey types were taxonomic classes. At the finer
level (B,,), the prey types were represented by spe-
cies and genera for vertebrates and by orders for in-
vertebrates. Thus, a raptor could have a narrow diet
based on B, but a broad diet based on B, Because
no estimate of mean prey mass existed for Flammu-
lated Owls (Otus flammeolus), 1 used a value of 1 g
because this species preys almost exclusively on in-
sects (Goggans 1986).

Because raptor home-range size can vary by sex
(Kennedy et al. 1994) and time of year (Village 1982),
I used estimates only from males during the breed-
ing season. In addition, I used studies in which con-
ventional or satellite radio telemetry was used be-
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TaBLE 1. Description of a priori hypotheses and linear models concerning the effect of body mass and for-
aging strategy on home-range size in Holarctic raptors. All models were evaluated with and without lat-
itude as a covariate and order (Strigiformes vs. Falconiformes) as a grouping variable.

Hypothesis

Model structure? Expected result

Positive effect of body mass
Negative effect of the proportion of mammals
Positive effect of the proportion of birds

Positive effect of body mass and negative effect of the pro-

portion of mammals

Positive effect of body mass and positive effect of the pro-

portion of birds
Negative effect of diet breadth

Negative effect of diet breadth and positive effect of body B, + B,(By) + B,(BM)

mass

Bo + B.(BM) B.>0
By + B(PM) B, <0
By + B4(PB) B,>0
Bo + By(BM)+ B(PM) B.>0,B, <0
By + B:(BM)+ Bo(PB) B.>0,B,>0
Bo + Bu(Ba) B, <0

B, <0,B,>0

*BM = body mass, PM = proportion of mammals in diet, PB = proportion of birds in diet, B, = diet breadth at class level.

cause home-range estimates based on visual obser-
vations are biased low (Village 1982, Baekken et al.
1987). I preferentially selected studies that used the
minimum convex polygon method (Mohr 1947).
These restrictions limited sample sizes in terms of
the number of species and the number of home-
range estimates per species, but they reduced the
variation in these estimates that results from extra-
neous factors.

A problem with comparative studies is that indi-
vidual species do not necessarily represent indepen-
dent data points because they are members of the
same phylogeny (Felsenstein 1985, Pagel and Harvey
1988). Therefore, I used the nested analysis of vari-
ance-allometry approach discussed by Pagel and
Harvey (1988). This involved calculating the amount
of variation present at each of the four levels of tax-
onomy (i.e. among orders, families, genera, and spe-
cies) for each of the variables using a four-factor,
fixed effect, nested ANOVA (SAS 1991). The taxo-
nomic level that contained the largest amount of the
overall variation in the variables was used in further
statistical analyses. I then examined the correlation
among predictor variables using Pearson’s correla-
tion coefficient. If r > 0.50 for any two variables, I
considered them redundant and subjectively deleted
the one I thought least likely to influence home-range
size. I did not include Swallow-tailed Kites (Elanoides
forficatus) in the variable-selection process because I

was unable to locate an estimate of mean prey mass
or B, for this species.

Once redundant variables were excluded, I used
general linear models (SAS 1991) to estimate varia-
tion in raptor home-range size in relation to the re-
maining predictor variables. I considered body
mass, latitude, and diet as covariates and order (Fal-
coniformes or Strigiformes) as a grouping variable. [
constructed several a priori hypotheses as to how pre-
dictor variables might affect home-range size based
on the four predictions discussed above. Hypotheses
were translated into a set of competing linear models
(Table 1), which were ranked based upon their AICc
values (Anderson et al. 1994, Burnham and Ander-
son 1998). I considered models within 2 AICc values
of the top-ranked model as competing models. Using
an objective model-selection criterion such as AICc
has the advantage over traditional hypothesis testing
in that a hypothesis is not simply rejected based
upon an arbitrarily designated critical value. Home-
range size and body mass were log,, transformed,
whereas the proportions of mammals, birds, and in-
vertebrates were square-root and then arcsine trans-
formed for all analyses.

Results.—I retained species as the unit of measure-
ment because it contained more variation than the
other taxonomic levels for six of the nine variables,
including home-range size (Table 2). Furthermore,
higher taxonomic levels contained 10% or less of the

TABLE 2. Percent of variation present for nine variables at four levels of taxonomy for Holarctic raptors.

Home- %
range Body % Inverte- % Mean
Level size Latitude mass Birds brates Mammals B B,° prey mass
Order 28.2 0.0 35.2 0.0 10.5 30.2 3.3 21.0 35.6
Family 22.0 11.4 0.0 34.5 0.0 0.0 0.0 0.0 0.0
Genus 2.3 6.2 42.8 0.0 22.7 15.1 61.7 3.9 50.3
Species 47.5 82.4 22.0 65.5 66.8 54.7 35.1 75.2 14.1

2 Diet breadth at class level.
® Diet breadth at species level.
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total variation for at least three variables. Mean prey
mass was correlated with body mass (r = 0.72), B,,
was correlated with the proportion of birds in the
diet (r = 0.51), and the proportion of invertebrates
was negatively correlated with the proportion of
mammals in the diet (r = —0.57). Therefore, I elim-
inated mean prey mass, B,,, and the proportion of in-
vertebrates in the diet from further analysis. I in-
cluded Swallow-tailed Kites in the final analysis be-
cause mean prey mass and B, were no longer being
considered.

The best-ranked model, which indicated that
home-range size increased with increasing body
mass and the proportion of birds in the diet (AICc =
90.93; Figs. 1 and 2), explained 50% of the variation
in home-range size. The second best model (AICc =
91.87) included an order effect in addition to body
mass and the proportion of birds in the diet. No other
model was within 3 AICc units of the top model. By
themselves, body mass explained 28% of the varia-
tion in home-range size, and the proportion of birds
in the diet explained 27% of the variation in home-
range size. Hence, each variable added reasonable
amounts of explanatory power to the best model (ca.
22%). Furthermore, these two variables were uncor-
related (r = 0.09), indicating that they were indepen-
dently important predictors of home-range size. The
slope (b) of home-range size on body mass was 1.91
*+ SE of 0.30 using reduced major-axis regression,
which incorporates error in the independent variable
(Harvey and Mace 1982). Falconiforms had numeri-
cally larger home ranges (¥ = 14,104.6 = = 7751.9
ha) than strigiforms (¥ = 571.8 * 175.4 ha), but be-
cause order was not in the top-ranked model, T in-
ferred that equal-sized falconiforms and strigiforms
had similar-sized home ranges.

Discussion.—At least three nonexclusive hypothe-
ses can explain the relationship between the propor-
tion of birds in the diet and home-range size. First,
avian prey generally are less abundant than mam-
malian and invertebrate prey for a given body size
(Maurer and Brown 1988, Greenwood et al. 1996, Sil-
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va et al. 1997). In other words, the biomass of avail-
able food within a given area should be relatively
low for raptors that consume primarily birds. Mar-
zluff et al. (1997a) found that Prairie Falcons (Falco
mexicanus) in Idaho increased their home-range size
when they switched from a diet of ground squirrels
to more sparsely distributed birds and reptiles. Sec-
ond, bird-eating raptors have lower encounter rates
and hunting success than other raptors (Temeles
1985), which could lower the availability of avian
prey in comparison to nonavian prey. Third, bird-
eating raptors may be less opportunistic in diet
choice than are mammal-eating raptors (Korpimaki
and Marti 1995). Hence, if the abundance of primary
prey is reduced, mammal-eating raptors may switch
to alternative prey in the same area, whereas bird-
eating raptors may need to range over a wider area
to find sufficient numbers of preferred prey. Regard-
less of the explanation for bird-eating raptors having
large home ranges, this result indicates that variation
in foraging habits within a given trophic level (e.g.
carnivores) can be as important as variation in for-
aging habits among trophic levels (e.g. carnivores vs.
herbivores) when explaining variation in home-
range size.

As in other vertebrate taxa, home-range size in
raptors increased with body mass. Presumably, if the
slopes of the home-range size /body-size regression
and the energetic-requirement/body-size regression
are equal, then home-range size is determined di-
rectly by metabolic needs. McNab (1963) found no
difference between these slopes, but others have
found that home-range size increases with body
mass faster than would be expected based on ener-
getic requirements (Schoener 1968, Harestad and
Bunnell 1979, Mace and Harvey 1983). As a result,
the latter workers concluded that some factor other
than energetic requirements also influences home-
range size. The slope relating home-range size to
body mass for raptors (b = 1.91, SE = 0.30) in this
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study was significantly greater (+ = 13.6, P < 0.01)
than the slope of field metabolic rate on body mass
for birds (b = 0.67, SE = 0.03) as recalculated from
Nagy (1987) using reduced major-axis regression.
Harestad and Bunnell (1979) hypothesized that as
home-range area increases to meet the energetic re-
quirements of larger animals, the area might encom-
pass more and more unsuitable habitat. As a result,
to acquire sufficient food resources, a large animal
would need to forage over a larger area than pre-
dicted by energetic requirements alone. Indeed, Har-
estad and Bunnell (1979) are correct in stating that
one should not expect home-range size to scale with
energetic requirements independent of the distribu-
tion of food resources.

One of the goals of any comparative study should
be to develop testable hypotheses for future studies.
The relationship between avian prey and home-
range size could be evaluated further using a con-
specific population of raptors that exhibited suffi-
cient variation in the proportion of birds in their diet,
such as Northern Harriers (Circus cyanus), Northern
Goshawks (Accipiter gentilis), or Prairie Falcons. Ide-
ally, such a study would be conducted in an area that
contained varying densities of birds and mammals
and a mosaic of open and covered habitat types. One
would then be able to evaluate the relative impor-
tance of mammalian and avian prey densities and
the effect of prey catchability on home-range size.

In contrast to Harestad and Bunnell (1979) and
Lindstedt et al. (1986), I found no relationship be-
tween latitude and home-range size. One explana-
tion is that considerable variation in primary pro-
ductivity exists at a given latitude owing to differ-
ences in temperature and precipitation. Examining
the relationship between home-range size and pro-
ductivity for single species would help explain geo-
graphic variation in home-range size by eliminating
interspecific variation. Such an analysis could be
conducted on the Spotted Owl (Strix occidentalis),
whose home-range size has been estimated over a
wide range of ecological conditions as well as over a
large geographic and latitudinal range.
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