
The Auk 115(1):50-56, 1998 

THE BARRED OWL (STRIX VARIA) INVASION IN CALIFORNIA 
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ABSTRACT.--We estimated the range expansion of Barred Owls (Strix varia) in California 
and the potential negative effects this species may have on Spotted Owls (Strix occidentalis). 
Barred Owl range expansion has been rapid over the past two decades. A total of 61 Barred 
Owls has been detected in 12 different California counties. Barred Owls were first sighted 
in California in 1981 in Del Norte and Trinity counties. They now have been detected as far 
south as Sonoma County in western California and Yuba County in the Sierra Nevada. The 
ratio of new Barred Owl sites found per new Spotted Owl territory has increased from one 
per 50 Spotted Owl territories in the 1980s to one per 10 to 20 new Spotted Owl territories 
in the mid 1990s. This suggests that the Barred Owl population in California is increasing. 
In addition, seven Barred Owl X Spotted Owl hybrids have been reported in California. 
Because of the potential for hybridization, competition for food and habitat, and predation, 
it appears that the Barred Owl could influence Spotted Owl populations negatively. Received 
12 December 1996, accepted 19 May 1997. 

THE BARRED OWL (Strix varia) has been ex- 
panding its range into the western United 
States (Shea 1974, Taylor and Forsman 1976, 
Dunbar et al. 1991). Historically, Barred Owls 
occurred from south-central Mexico north 

through the southern United States and into 
eastern North America south of the boreal for- 

est (Johnsgard 1988). However, their distribu- 
tion has expanded in a westerly direction over 
the past six decades, and they now are common 
in southwestern British Columbia, western 
Washington, western Oregon, and other areas 
of the northern Rocky Mountains (Grant 1966, 
Taylor and Forsman 1976, Boxall and Stepney 
1982, Sharp 1989, Gilligan et al. 1994). Barred 
Owls were first documented in California in 

1981 (Evens and LeValley 1982). They have suc- 
cessfully colonized a variety of forested and ri- 
parian habitats, including old-growth and ma- 
ture forests that also are used by Northern 
Spotted Owls (Strix occidentalis caurina; Hamer 
1988, Dunbar et al. 1991). 

The recent range expansion of Barred Owls 
into the Pacific Northwest may have a negative 
effect on Spotted Owls (e.g. Taylor and Fors- 
man 1976, Dunbar et al. 1991). Barred Owls are 
slightly larger than Spotted Owls, are more ag- 
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gressive in interactions with them, and have 
similar (but distinct) vocalizations (Dunbar et 
al. 1991, Hamer et al. 1994). Several interactions 
between Barred Owls and Spotted Owls have 
resulted in Spotted Owls leaving the area tem- 
porarily and/or permanently (Hamer 1988, 
Tanner and Gutierrez unpubl. data). Also, 
Barred Owls hybridize with Spotted Owls, al- 
beit not extensively (Hamer et al. 1994). These 
potentially negative interactions between the 
species, coupled with loss of suitable habitat 
for Spotted Owls, have added to the concern 
over the Barred Owl's range expansion. 

Hamer et al. (1994) and Morlan et al. (1987) 
noted some of the recent observations of Barred 

Owls in California. However, there has been lit- 
tle documentation of the broad-scale range ex- 
pansion of Barred Owls in California. In this 
paper, we discuss the range expansion of 
Barred Owls over the past two decades in Cal- 
ifornia and its possible effects on Spotted 
Owls. 

METHODS 

Data were collected from three main sources. An 

extensive database of Barred Owl and Spotted Owl 
sightings in California has been maintained by the 
California Department of Fish and Game. This da- 
tabase has been updated yearly and includes infor- 
mation about all reported Barred Owl detections in 
California, including the type of detection (visual, 
auditory, or both), location and date of detection, and 
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the observer. Because there have been no systematic 
surveys for Barred Owls, most sightings have been 
incidental to Spotted Owl surveys. Since the federal 
listing of the Northern Spotted Owl as a threatened 
subspecies in 1990, there have been more than 4,000 
timber-sale consultations (each having a minimum 
of 20 to 30 associated individual owl surveys) con- 
ducted on nonfederal lands and an additional tens of 

thousands of surveys conducted on federal lands in 
northwestern California (A. Gonzales pers. comm.). 
Therefore, this database reflects more than 100,000 
owl surveys. A second source of information was de- 
rived from a four-year survey of Spotted Owls in 
Redwood National/State Parks (RNSP) in Humboldt 
and Del Norte counties. The final source was derived 

from 17 years of Northern Spotted Owl studies (the 
past 12 years devoted to population studies) in the 
five northwesternmost counties of California. The 

purpose of these studies was to assess the population 
dynamics of Northern Spotted Owls; therefore, ef- 
fort was extensive and thorough over very large ar- 
eas (see Franklin et al. 1996a). 

The RNSP project lasted from 1993 to 1996. Each 
year a different region of the study area was sur- 
veyed. Research in northwestern California was ini- 
tiated in 1980. In 1985, the Regional study area (parts 
of Humboldt, Mendocino, Siskiyou, and Trinity 
counties) and the Willow Creek study area (parts of 
Humboldt and Trinity counties) were established to 
study population dynamics (Franklin et al. 1996a). 
These two intensive studies (hereafter "NSOSA") 
provided data from particular regions of California 
and allowed us to answer distributional questions 
that could not be answered using the statewide data. 
Studies were conducted following protocols specific 
to Spotted Owls (Franklin et al. 1996b). At both 
study areas, technicians were trained in distinguish- 
ing Spotted Owl vocalizations from those of Barred 
Owls. When identification of a species was not clear, 
a more experienced biologist visited the area for con- 
firmation. 

Sightings from each data source were assigned to 
Barred Owl "sites." Because little was known about 

Barred Owl ecology and territory size in the North- 
west, the delineation of Barred Owl sites was diffi- 
cult. Therefore, we defined Barred Owl sites using a 
similar definition for Spotted Owls. Spotted Owl ter- 
ritories have been defined as an area where Spotted 
Owls exhibit territorial behavior in response to sur- 
veys on two or more occasions separated by one or 
more weeks within a given year (Franklin et al. 
1996a). However, because there were no systematic 
surveys for Barred Owls, the criterion of having a re- 
sponse on two or more occasions was not always 
met. Therefore, we did not define locations where 
Barred Owls were detected as "territories," but rath- 
er as "sites" to insure that these locations were not 

construed as permanent territories. We found that 
unique Barred Owl sites were separated by a dis- 

tance of 6 to 9 km. By comparison, nearest-neighbor 
distances for Spotted Owls at Willow Creek aver- 
aged 1.6 km in 1990 (the halfway mark for the de- 
mography study; Hunter et al. 1995). 

Barred Owl sites were placed into three time pe- 
riods based on date of first detection: (1) 1981 to 
1985, (2) 1986 to 1990, and (3) 1991 to 1996. These 
time periods corresponded to the establishment of 
statewide surveys by the U.S. Forest Service, the es- 
tablishment of demographic studies in northwestern 
California and the Sierra Nevada, and intensive sur- 
veys for Spotted Owls on private lands mandated by 
the U.S. Fish and Wildlife Service after the Spotted 
Owl was listed, respectively. Therefore, each time 
period represented a substantial increase in owl sur- 
vey effort. Barred Owl sites from each time period 
were then plotted on a map of California using PC 
ArcInfo 6.0 (ESRI, Redlands, California). Isopleths 
around the outermost locations were drawn onto the 

maps to provide a visual interpretation of Barred 
Owl range expansion. 

Next, we plotted the number of Barred Owl sites 
identified by time period to obtain a graphical inter- 
pretation of the history of Barred Owl detections. Be- 
cause many Barred Owl detections occurred during 
Spotted Owl surveys, we were concerned that the in- 
crease in the number of Barred Owl sites over time 

resulted from an increase in Spotted Owl surveys 
and not from a true range or population expansion. 
To examine this relationship, we graphed the ratio of 
new Barred Owl sites found to new Spotted Owl ter- 
ritories found per year. This allowed us to determine 
the effect of Spotted Owl surveys on the detection of 
Barred Owls by decreasing the influence of effort as- 
sociated with repeated visits to a Spotted Owl ter- 
ritory to assess occupancy, nesting status, or repro- 
ductive success. If the number of Barred Owls was 

not increasing, we would expect to see this ratio re- 
main constant over time. 

Finally, we used data from the RNSP and NSOSA 
projects to estimate the average elevation of Barred 
Owl sites and Spotted Owl territories. We made a 
univariate comparison of Barred Owl elevation and 
Spotted Owl elevation for the RNSP study area with 
a two-sample t-test for unequal sample size and vari- 
ance (SPSS 6.1). Because the sample size of Barred 
Owl sites was small (n = 5) on the NSOSA compared 
with the number of Spotted Owl territories (n = 90), 
we did not make univariate comparisons. However, 
we reported the average elevation of Barred Owl 
sites and Spotted Owl territories for the NSOSA. We 
also presented the median elevation of Northern 
Spotted Owl territories and Barred Owl sites from 
the California Department of Fish and Game region- 
al database of Spotted Owl surveys. We did not cal- 
culate mean values for the regional database because 
the data were not normally distributed. Also, we did 
not analyze elevations of California Spotted Owl 
(Strix o. occidentalis) territories because of the small 
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FtG. 1. Range expansion of the Barred Owl in California. Filled circles represent Barred Owl sites that 
were detected within each time period. The nonforested Central Valley of California was not included in 
range isopleths. 

sample of Barred Owls within the range of California 
Spotted Owls (i.e. Sierra Nevada). We did not ana- 
lyze regional data further because the greater den- 
sity of Barred Owls in coastal locations potentially 
could bias regional comparisons of elevation. 

RESULTS 

We identified 61 Barred Owl sites that oc- 

curred in 12 California counties since 1980; 
73% of these sites were occupied by single 
Barred Owls, 11% by pairs of Barred Owls, and 
5% were unknown regarding owl social status. 
Seven hybrids between Barred Owls and Spot- 
ted Owls also were reported in California with- 
in the last decade. The first two hybrids were 

reported in 1991 in Nevada (eastern California) 
and Del Norte (northwestern California) coun- 
ties. 

There were few Barred Owl sightings re- 
ported from 1981 to 1985 compared with more 
recent years despite the initiation of statewide 
Spotted Owl surveys by the U.S. Forest Service 
(Fig. 1). The first documented sightings in Cal- 
ifornia were in 1981 about 5 km east of Crescent 

City, Del Norte County, and at Salyer, Trinity 
County (Evens and LeValley 1982). A belated 
report was received by the California Depart- 
ment of Fish and Game of a Barred Owl de- 

tected in Mendocino County in 1978. This de- 
tection was not confirmed by a biologist until 
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FIC. 2. Number of new Barred Owl sites reported 
in California from 1980 to 1995. Each observation 

was divided by the sum of all detections within a site 
during a single year. 
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FIG. 3. The ratio of new Barred Owl sites detected 

per new Spotted Owl territories. Ratios were calcu- 
lated separately for each year. 

1989. Therefore, we included this observation 
only in the time period from 1986 to 1990. In 
1983, we observed Barred Owls in Humboldt 

County, and the first breeding pair of Barred 
Owls was reported in the Klamath National 
Forest during 1991 (T. Hacking pets. comm.). 
The first sighting of a Barred Owl in north- 
eastern California was in 1986 at Tule Lake 

(Morlan et al. 1987), and the first sighting in the 
Sierra Nevada was in 1991 in Nevada County. 

From 1986 to 1996, Barred Owl detections 

appeared to expand to the south and east (Fig. 
1). Barred Owls were detected as far east as the 
Warner Mountains, Modoc County, and as far 
south as the Russian River, Sonoma County 
(Coast Range), and Nevada County (Sierra Ne- 
vada). Extensive surveys of Spotted Owls were 
implemented throughout northern California, 
the central Sierra Nevada, and southern Cali- 
fornia in the late 1980s and early 1990s. 

Our data indicate that Barred Owl detections 

began to increase in the early 1980s (Fig. 2). Ev- 
idence also indicates an accelerated increase in 

Barred Owl detections during the mid-1990s 
(Fig. 2). Furthermore, the ratio of new Barred 
Owl sites to new Spotted Owl territories sug- 
gests that the population of Barred Owls in 
California has increased. From 1980 to 1993, 
there were 0 to 0.035 new Barred Owl sites 

found per new Spotted Owl territory (Fig. 3). 
In 1994 and 1995, there were 0.077 and 0.184 
new Barred Owl sites found per new Spotted 
Owl territory (Fig. 3). This represents an in- 
crease from one new Barred Owl site found per 
50 new Spotted Owl territories to one new 
Barred Owl site found per 10 to 20 new Spotted 
Owl territories. 

Barred Owls probably were not present in 
California prior to initiation of Spotted Owl 
surveys; 132 new Spotted Owl territories were 
located from 1970 to 1974, averaging 26.4 sites 
per year From 1975 through 1979, 160 new 
Spotted Owl territories were located, averaging 
about 32 sites per year From 1980 through 
1984, the number of new Spotted Owl territo- 
ries ranged from 159 in 1981 to 36 in 1984. De- 
spite the relatively constant effort, Barred Owls 
were not detected until the beginning of the lat- 
ter period, when an increase in sites became 
more apparent. In addition, early naturalists 
did not detect Barred Owls in California (e.g. 
Grinnell and Miller 1944). 

At the RNSP study area, 8 Barred Owl sites 
and 47 Spotted Owl territories were identified. 
The average elevation at Barred Owl sites (163 
- SE of 47 m) was significantly lower than that 
at Spotted Owl territories (258 - 54 m; t = 4.14, 
df = 120, P < 0.001). Six Barred Owl sites and 
90 Spotted Owl territories were identified on 
the NSOSA. The average elevation of Barred 
Owl sites was 794 - 84 m, and the average el- 
evation of Spotted Owl territories was 850 - 30 
m. Using the California Department of Fish 
and Game regional database, Barred Owl sites 
had a median elevation of 305 m and Spotted 
Owl territories a median elevation of 762 m. 

DISCUSSION 

The range expansion of Barred Owls in Cal- 
ifornia has been rapid and widespread. Be- 
cause of early owl survey efforts and the rich 
tradition of natural history studies in Califor- 
nia, we are confident that Barred Owls were 
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not present in California before the late 1970s 
or early 1980s. The increase in the number of 
Spotted Owl surveys during the 1980s proba- 
bly is not the only factor in the increase in 
Barred Owl sites during the same period. 
Shortly before federal listing of the Northern 
Spotted Owl in 1990, private companies began 
surveying for Spotted Owls in earnest. There- 
fore, if an increase in Barred Owl sites resulted 
from an increase in Spotted Owl surveys, one 
would have expected a large increase in the 
number of Barred Owl sites during the early 
1980s (following the U.S. Forest Service sur- 
veys) with another large increase after the fed- 
eral listing of the Northern Spotted Owl in 
1990. We did see this trend following 1990. 
Over the past five years, however, more effort 
has been devoted to monitoring existing sites 
than to finding new ones (except for new tim- 
ber sale consultations). Of the 61 Barred Owl 
sites reported in California since 1980, 14 (23%) 
were reported in 1995 alone. Thus, there ap- 
pears to have been a more recent population in- 
crease that does not correspond to increased 
survey efforts. Increased awareness by field 
technicians in differentiating Barred Owls 
from Spotted Owls may have played a role in 
the increase in Barred Owls, but it is unlikely 
that the increase was due solely to observer 
awareness. Finally, the high proportion of sin- 
gle Barred Owls, Barred Owls paired with 
Spotted Owls, and the presence of hybrids is 
characteristic of an increasing and recently ar- 
rived population (Johnston 1961, Pielou 1979). 

The increase in Barred Owls in California 

may have a negative effect on Spotted Owls. 
Barred Owls have been detected in coastal 

Redwood forests, Douglas-fir (Pseudotsuga 
rnenziesii) forests of the Klamath physiographic 
province, and in the mixed conifer forests of the 
northern Sierra Nevada. Barred Owls also have 

colonized and maintained populations in a va- 
riety of habitat types from Canada to Oregon 
(Taylor and Forsman 1976, Boxall and Stepney 
1982, Hamer 1988, Dunbar et al. 1991). Thus, 
Barred Owls apparently have the ability to use 
a variety of habitats in both disturbed and un- 
disturbed conditions (Hamer 1988, Dunbar et 
al. 1991). Throughout the Pacific Northwest, bi- 
ologists have hypothesized that Barred Owls 
have a negative effect on Spotted Owl popula- 
tions (Taylor and Forsman 1976, Hamer 1988, 
Dunbar et al. 1991). This effect occurs, in part, 

because Barred Owls use old-growth and ma- 
ture forests and can displace Spotted Owls in 
territorial interactions (Hamer 1988, Tanner 
and Gutierrez unpubl. data). In addition, ex- 
tensive forest fragmentation (i.e. disturbed for- 
est) appears to have a negative effect on Spot- 
ted Owls (Johnson 1992), whereas Barred Owls 
readily use these disturbed habitats (Hamer 
1988, Dunbar et al. 1991). Therefore, Barred 
Owls may prove to be better competitors or 
more adaptable than Spotted Owls in areas 
where timber harvesting has altered Spotted 
Owl habitat. 

Johnson (1994) argued that the range expan- 
sion of Barred Owls did not result from an in- 

crease in forest fragmentation. He suggested 
that because Barred Owls in the eastern United 
States and British Columbia use undisturbed 

forests (Campbell et al. 1990), their range ex- 
pansion most likely was due to natural causes. 
However, Dunbar et al. (1991) found that in 
British Columbia, Barred Owls expanded into 
a variety of habitats, not just old-growth and 
mature (i.e. undisturbed) forests. Hamer (1988) 
also reported that Barred Owls in Washington 
occurred more often in low elevation mixed de- 
ciduous-coniferous forests than in undisturbed 

old growth. Finally, biologists in the eastern 
United States found that deciduous-coniferous 

forest was the primary habitat type used by 
Barred Owls (Dunstan and Sample 1972, Nich- 
oils and Warner 1972). 

The failure of Barred Owls to colonize west- 

ern North America prior to recent times may be 
due to the absence of anthropogenic influences. 
The establishment of riparian forests and the 
planting of trees occurred simultaneously with 
human settlement of the Northern Great Plains 

(Knopf 1994). These actions may have provided 
habitat for Barred Owls that facilitated their 

dispersal across the midwestern United States 
and southern Canada. Once in the Rocky 
Mountains, the mosaic of habitats created by 
logging across western Canada would seem to 
favor the flexible habitat-selection patterns ex- 
hibited by Barred Owls. Thus, although log- 
ging may not be directly responsible for the in- 
vasion of Barred Owls in the Pacific Northwest, 
it probably facilitated their colonization. Ad- 
ditional research on habitat use and distribu- 
tion of Barred Owls in western North America 
needs to be conducted to better understand the 

pattern of their range expansion. 
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Interspecific interactions also indicate that 
Barred Owls may have a negative effect on 
Spotted Owls. Interactions between Barred 
Owls and Northern Spotted Owls often result 
in Barred Owls dominating the encounters 
(Hamer 1988, Tanner and Gutierrez unpubl. 
data). In our study areas, we documented the 
displacement of two Northern Spotted Owl 
pairs by Barred Owl pairs. Although this dis- 
placement may not seem numerically signifi- 
cant, given the low density of Barred Owls rel- 
ative to Northern Spotted Owls in both of these 
areas, it may have been indicative of a potential 
negative effect on Northern Spotted Owls. 

In addition to direct competition, a possible 
instance of predation of a Northern Spotted 
Owl by a Barred Owl occurred on the RNSP 
study area. In May 1997, a freshly killed adult 
Spotted Owl was found dead on a trail (T. Les- 
kit pers. comm.). An agitated Barred Owl de- 
tected at the site had mottled brown feathers 

(i.e. resembling those of a Spotted Owl) stuck 
to its talons. Subsequent dissection by R.J.G. 
showed that the trauma was consistent with an 

avian predator. Habitat conditions and local 
population distribution in RNSP largely elimi- 
nated Northern Goshawks (Accipiter gentilis) 
and Great Horned Owls (Bubo virginianus) as 
potential predators of this bird. Therefore, it 
was likely that the Spotted Owl was killed by 
the Barred Owl that was observed at the scene. 

Hybridization also may have negative effects 
on Spotted Owls in California. Hybridization 
can affect the Spotted Owl directly by influ- 
encing reproductive success and population 
dynamics and indirectly by affecting its con- 
servation status. For example, Mallards (Anas 
platyrhynchos) hybridized successfully with 
closely related congeners in North America, in- 
cluding the Mexican Duck (Anas p. diazi). The 
Mexican Duck population in the southwestern 
United States was listed as endangered in 1966. 
In 1977, however, research indicated that the 
Mexican Duck population consisted almost en- 
tirely of hybrids (Cade 1983). Because the En- 
dangered Species Act does not protect hybrids, 
the Mexican Duck was removed from federal 

listing. This example underscores the need to 
monitor the effect of hybridization on Northern 
Spotted Owls even though the current inci- 
dence appears to be very low. 

It will be interesting to monitor the effect of 
geographical barriers on the range expansion 

of Barred Owls in central and southern Cali- 

fornia. Only one Barred Owl has been sighted 
in the nonforested valley regions of northern 
California. The sighting was at Tule Lake out- 
side of the breeding season and apparently was 
of a transient bird. Because of the lack of sight- 
ings in the Central Valley, we hypothesize that 
the range expansion of Barred Owls will be 
slower in southern California where forests are 

isolated by deserts, grasslands, agricultural, 
and urban areas. 
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