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INTRODUCTION

During the 20th century, the Barred Owl (Strix
varia) expanded its range westward, across the
northern U.S. and Canada, then along the
Pacific coast of North America, north to
southeastern Alaska and south to central
California (Grant 1966, Taylor and Forsman
1976, Dark et al. 1998, Houston and McGowan
1999, Kelly et al. 2003, Courtney et al. 2004).
As a result of this range expansion, the range of
the Barred Owl now completely overlaps the
range of the Northern Spotted Owl (Strix
occidentalis caurina) and partially overlaps the
range of the California Spotted Owl (S. o.
occidentalis; Kelly et al. 2003, Seamans et al.
2004). The number of Barred Owls has in-
creased so rapidly in some areas in British
Columbia and Washington that they are now
more numerous than Spotted Owls (Dunbar et
al. 1991, Pearson and Livezey 2003).

As Barred Owls have expanded their range,
they have moved into many areas occupied by
Spotted Owls, and there is evidence that they
are displacing (Kelly et al. 2003, Pearson and
Livezey 2003), killing (Leskiw and Gutiérrez
1998), and, at least occasionally, hybridizing
with Spotted Owls (Hamer et al. 1994, Kelly
and Forsman 2004, Seamans et al. 2004). A
comparison of the diets of the two species in
northern Washington suggested that their diets
overlap considerably, which suggests that they
may also compete for food (Hamer et al. 2001).

Although some studies suggest that forest
composition or elevation may differ slightly
between areas occupied by Barred Owls and
Spotted Owls (Herter and Hicks 2000, Pearson
and Livezey 2003), little is known about
differences in habitat selection between these
two species in areas where they co-occur. In
1986-1989, we conducted a study of Barred
Owls and Spotted Owls fitted with radio-
transmitters in an area of sympatry in northern
Washington. Our objectives were to determine
if there were differences in home range attri-
butes or types of forest cover selected by the
two species and to examine overlap of home
ranges of the two species. Herein, we describe
and compare the home ranges and habitat
selection of both species and discuss hypotheses
regarding fitness of the two species in different
forest types. Because this study was located in
a region that was near the northern edge of the

range of the Spotted Owl, it also allowed us to
compare home ranges of Spotted Owls at the
edge of their range with home range estimates
from other studies of Spotted Owls near the
center of their range.

METHODS

STUDY AREA

Our study area was located in the Baker Lake
basin on the west slope of the Cascade
Mountains in northwestern Washington
(Fig. 1). This area was characterized by moun-
tainous terrain with deeply incised valleys.
Elevations ranged from 244 m on the valley
floor to 1800 m at the upper limits of the
forested zone on Mount Baker. The study area
was entirely forested except for recent clear-
cuts, areas above timberline, and small areas of
talus, natural meadows, and marshes. Mean
annual precipitation was 254 cm, most of which
occurred as rain or snow during winter. The
most common vegetation in the study area
included mixed forests of western hemlock
(Tsuga heterophylla) and Douglas-fir (Pseudo-
tsuga menziesii) at elevations 400 m, and
mixed forests of western hemlock and Pacific
silver fir (Abies amabilis) at 400-900 m eleva-
tion (Franklin and Dyrness 1973). Forests at
elevations 900 m were mostly dominated by
Pacific silver fir or mountain hemlock (Tsuga
mertensiana). Red alder (Alnus rubra) and
bigleaf maple (Acer macrophyllum) were com-
mon associates in lowland conifer forests,
especially in riparian zones. Forest age varied
from young stands in recent clear-cuts to forests
that were 200 years old.

CAPTURE AND RADIO-TELEMETRY

When we started our study, the locations of
many owl territories in the study area were
already known, because biologists from the
USDA Forest Service, Washington Department
of Wildlife, and Puget Power and Light
Company had conducted surveys of Spotted
Owils in the area every year from 1981 to 1986.
Forest Service personnel continued to monitor
the historic owl territories in 1986-1987 while
we were radio-tracking owls. During March-
June 1986-1987, we also resurveyed much of
the study area to confirm presence of owls in
historic territories and document the location of
pairs at sites not previously surveyed. All
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TABLE 2. A priori models examined in analysis of factors influencing size of seasonal and annual home
range areas of Spotted Owls and Barred Owils in the Baker Lake study area, Washington. Variables used in
models indicate structure for species (spp), sex, year, season of year (sea), number of days in tracking period
(days), and proportion of area covered by old forest (old).

Model structure

Description

Seasonal ranges

No effects

Spp

Sea

Sex

Year

Days

Spp days

Spp sea

Spp sea days

Spp year sea

Spp sex old

Spp old spp*old

Spp sex sea old

Spp sea old

Spp sea old days

Spp sea days old old*spp
Spp sea old old*spp
Spp sea old old*spp spp*sea
Spp sea days old spp*old spp*sea
Spp sex sea old spp*old
Annual ranges

No effects

Sex

Spp

Year

Old

Days

Spp  sex

Sex year

Sex old

Sex year old

Spp old

Spp year

Spp sex old

Spp year old

Spp sex year old

Spp sex year days old
Spp old old*spp

No effects model

Species effect only

Seasonal effect only

Sex effect only

Year effect only

Sample size effect only (days in tracking period)

Additive effects of species and days

Additive effects of species and season

Additive effects of species, season, and days

Additive effects of species, year, and season

Additive effects of species, sex, and amount of old
forest

Additive effects of species and old forest, with
interaction between species and old forest

Additive effects of species, sex, season, and old forest

Additive effects of species, season, and old forest

Additive effects of species, season, old forest, and days

Additive effects of species, season, days, and old forest,
with interaction between species and old forest

Additive effects of species, season, and old forest, with
interaction between species and old forest

Additive effects of species, season, and old forest, with
interactions between species and old forest and
species and season

Additive effects of species, season, days, and old forest,
with interactions between species and old forest and
species and season

Additive effects of species, sex, season, and old forest,
with interaction between species and old forest

No effects model

Sex effect only

Species effect only

Year effect only

Effect of old forest only

Effect of number of days in sampling period

Additive effects of species and sex

Additive effects of sex and year

Additive effects of sex and old forest

Additive effects of sex, year, and old forest

Additive effects of species and old forest

Additive effects of species and year

Additive effects of species, sex, and old forest

Additive effects of species, year, and old forest

Additive effects of species, sex, year, and old forest

Additive effects of species, sex, year, days, and old
forest

Additive effects of species and old forest, with
interaction between species and old forest

residual variance between the intercept-only
model and the best model using the estimates of
residual variance provided by PROC MIXED
in SAS (SAS Institute 1997). We used fixed-

effects analysis of variance to compare home
range sizes of males and females.

We estimated overlap of seasonal or annual
adaptive kernel home ranges as the mean of all
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TABLE 6.

Percent overlap (mean 6 SE) of seasonal and annual home ranges of the male and female in each

territory (paired owls) in the Baker Lake study area, Washington, 1986-1989. Estimates were based on the

95% isopleth of adaptive kernel home ranges.

Summer? Winter? Annual®
Species FIM M/F FIM M/F FIM M/F
Barred Owl 7067 66 6 6 52 6 12 66 6 10 59 6 8 267
Spotted Owl 7768 5769 69 6 12 48 6 12 7569 43 6 10
2 F/M  overlap of female range on male range; M/F  overlap of male range on female range. Sample sizes

for estimates were 11, 11, 10, 10, 12, and 12 for Barred Owls and 10, 10, 6, 6, 8, and 8 for Spotted Owls

(number of comparisons among seasons or years).

Overlap of Spotted Owl ranges on ranges of
adjacent Barred Owls averaged 17% 6 4% in
summer and 30% 6 6% in winter.

HABITAT SELECTION RELATIVE TO
ELEVATION, STREAMS, AND EDGES

The Barred Owls in our sample all occupied
territories at relatively low elevations adjacent
to Baker Lake or along tributaries of the Skagit
River (Fig. 1). In contrast, the Spotted Owls
that we marked were about equally divided
between areas at relatively low elevations
( 600 m) and high elevations ( 900 m). As
a result, the mean elevation of random loca-
tions in Barred Owl territories (386 6 27 m)
was much lower than that in Spotted Owl
territories (750 6 68 m). Mean elevations of
Barred Owl locations were similar between
seasons, averaging 325 6 14 m in summer and
358 6 24 m in winter (paired ty; 1.7, P
0.10). Elevation of winter locations of Spotted
Owls averaged 55 m lower than summer loca-
tions (mean 670 6 62 m vs. 725 6 73 m).
This difference was statistically significant
(paired t;3 3.5, P 0.004), but we question
whether it was large enough to be biologically
significant.

Although there was considerable variation
among individuals, the mean distance to the
nearest perennial stream was almost identical
between Barred Owl locations and random
locations (319 6 26 m vs. 327 6 18 m; paired
to) 0.4,P  0.71). In contrast, Spotted Owl
locations tended to be closer to the nearest
perennial stream than random locations (mean

367 6 34 m vs. 460 6 13 m; paired ti3

2.8, P 0.02). Mean distance to the nearest
opening was nearly identical between owl and
random locations for Barred Owls (173 6 18 m
vs. 174 6 18 m; paired ty» 0.1, P 0.92)

and for Spotted Owls (184 6 11 m vs. 173 6
18 m; paired t;3 1.0, P 0.32).

HABITAT SELECTION RELATIVE TO FOREST
COVER TYPES

Neu et al. (1974) method. Forest cover types
that were comprised of trees 25 cm in di-
ameter at breast height (dbh) were used in
proportion to availability or more than ex-
pected by the majority of Spotted Owls
(Table 7). Old forests appeared to be the most
preferred cover type, with 57% of Spotted Owls
using such stands more than expected and no
Spotted Owls using such stands less than
expected (Table 7). Unforested areas, young
forest (0-25 cm dbh), and hardwoods were
used less than expected by the majority of
Spotted Owls (Table 7).

Fifty-seven percent of Barred Owls used old
forest more than expected, but, in contrast to
Spotted Owls, 26% of Barred Owls used old
forest less than expected (Table 7). Most other
cover types were used in proportion to avail-
ability by the majority of Barred Owls, except
the unforested cover type, which was used less
than expected by 82% of individuals (Table 7).

Compositional analysis. Rank scores of the
five cover types indicated that old forest was the
most preferred cover type for Spotted Owils,
followed in declining order of preference by
mid-age forest, unforested areas, hardwoods,
and young forest (Table 8). Confidence in the
ranking of old forest as the most preferred type
was high, as indicated by the low P-values in
comparisons with all other cover types except
for unforested. The comparatively high ranking
of the unforested cover type was surprising,
because this type was rare (1% cover) in most
home ranges, and 11 of 14 Spotted Owls did not
use this cover type at all. However, the small



