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ABSTRACT We used multi-season occupancy analyses to model 2 fates of northern spotted owl territories in
relation to habitat amount, habitat fragmentation, and the presence of barred owls in Washington State,
USA, 1989-2005. Local colonization is the probability a territory unoccupied by a spotted owl in year i would
be occupied in year 7+ 1, and local extinction is the probability a territory that was occupied by a spotted owl
in year ¢ would be unoccupied in year i+ 1. We found a negative relationship between local extinction
probability and amount of late-seral forest edge. We found a negative relationship between colonization
probability and the number of late-seral forest patches (higher fragmentation), and a negative relationship
between colonization probability and the amount of non-habitat within 600 m of a spotted owl territory
center (Akaike weight=0.59). The presence of barred owls was positively related to extinction probability
and negatively related to detection probability of spotted owls. The negative relationship between presence of
barred owls and detectability of spotted owls indicated that spotted owls could be modifying their calling
behavior in the presence of barred owls. The positive relationship between barred owl detections and local
extinction probability suggests that because of competition with barred owls, spotted owls are being
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Because of concerns regarding habitat loss, the northern
spotted owl (Strix occidentalis caurina) has become one of the
most intensively studied owls in the world (Noon and
Franklin 2002, Anthony et al. 2006, Forsman et al. 2011).
Most studies of the habitat relationships of spotted owls
indicate that they are associated with late-successional forests
(Forsman et al. 1984, 2005; Wiens et al. 2014). In addition,
some studies indicate that nest territories of spotted owls tend
to be located in areas with comparatively low levels of forest
fragmentation (Lehmkuhl and Raphael 1993). Although
management in Northwest forests has been altered for decades
by efforts to preserve and create spotted owl habitat, spotted
owl populations continue to decline (Forsman et al. 2011).
Barred owls (Strix varia) were first recorded in Washington
State in the early 1960s (Reichard 1974), and have since
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expanded their range throughout the Pacific Northwest and
into California (Taylor and Forsman 1976, Dark et al. 1998,
Herter and Hicks 2000, Kelly et al. 2003, Pearson and
Livezey 2003, Diller et al. 2014). Barred owls now appear to be
competing with northern spotted owls for resources (Hamer
et al. 2001, Wiens et al. 2014), displacing spotted owls from
historical territories (Hamer 1988, Kelly et al. 2003, Pearson
and Livezey 2003, Van Lanen et al. 2011, Wiens et al. 2014),
predating spotted owls (Leskiw and Gutiérrez 1998), or
hybridizing with them (Kelly and Forsman 2004). The
effect of the barred owl invasion is a concern for biologists
monitoring spotted owl populations and for management
agencies that are trying to manage habitat for spotted owls
(Courtney et al. 2004, Buchanan et al. 2007, U.S. Fish and
Wildlife Service [USFWS] 2008, Diller et al. 2014).

Several recent studies have explored the use of territory
occupancy probabilities of spotted owls as a method for
assessing the relative influence of different environmental
variables on spotted owls (Dugger et al. 2005, Olson
et al. 2005, Kroll et al. 2010, Yackulic et al. 2014). Occupancy
modeling is advantageous because animals neither have to
be detected during any given survey, nor marked to
evaluate environmental relationships to spotted owl presence

1436

The Journal of Wildlife Management ¢ 78(8)



(MacKenzie et al. 2003). In this study, we used territory
occupancy modeling (MacKenzie et al. 2002, 2003; Olson
etal. 2005) to assess the influence of habitat and the presence of
barred owls on spotted owl territory occupancy the following
year.

STUDY AREA
The Cle Elum Study Area was 1 of 8 long-term demography

study areas that was used to monitor population trends of
northern spotted owls on federal lands (Lint et al. 1999,
Anthony et al. 2006, Forsman et al. 2011). It was located in
central Washington State, on the eastern slope of the Cascade
Range. Most of the area was mountainous, with deeply
incised drainages and ridge tops extending to over 1,500 m.
The climate was characterized by warm dry summers and cold
winters, and most precipitation occurred as snow in winter.
Vegetation was naturally fragmented, with mixed conifer
forests of Douglas-fir (Pseudotsuga menzesii), grand fir (Abies
grandis), ponderosa pine (Pinus ponderosa), western larch
(Larix occidentalis), lodgepole pine (Pinus contorta), and
western white pine (Pinus monticola) predominating on north,
west, and east aspects, and ponderosa pine forest predom-
inating on southerly aspects. Most forests in the area had also
been extensively fragmented by logging and historical
wildfires. The ceding of land to railroad developers in the
1800s has resulted in a checkerboard pattern of private and
public ownership within the study area (Richardson 1980,
Jensen et al. 1995).

METHODS

Field Methods

We monitored owls each year in 1989-2005 using a
combination of acoustic-lure (callback surveys) and live-
lure techniques (Reid et al. 1999). Imperfect detection of
spotted owls could be estimated because 1) we conducted
repeated surveys with up to 5 wvisits per territory
(Appendix A, available online at www.onlinelibrary.wiley.
com) within a survey year and 2) we repeated these surveys
for multiple years. We assumed that territory occupancy
status was constant throughout the year. This sampling
scheme follows the primary and secondary sampling periods
described in Pollock (1982). We used only spotted owl calls
during surveys, but we recorded all owls that responded,
including barred owls.

We banded all spotted owls with unique color bands so they
could be identified without recapture (Forsman et al. 1996).
The analysis included 88 historical owl territories and 8
polygons that were approximately the same size as a spotted
owl territory, but that had no historical or recent detections
of spotted owls. We assigned each territory a set of Universal
Transverse Mercator (UTM) coordinates to establish
the territory center for analyses that included vegetative
attributes and distance to barred owl detections. Territory
center selection was based on nest tree locations, locations of
nestlings, pair locations, female locations, or male locations,
in order of precedence, respectively.

In our study, barred owl detections were mostly nocturnal
responses to acoustic-lure surveys for spotted owls. We

estimated locations of vocalizing barred owls by getting as
close to the owl as possible and using visual and auditory
clues to estimate the location. We recorded all locations with
a hand-held global positioning system (GPS) unit (if the
owl was in the immediate vicinity of the surveyor), or by
estimating the distance and direction to the owl from a
known location and plotting compass azimuths taken on the
responding owl plotted on a topographic map (if the owl was
not observable). If a territory was not surveyed in a given year,
we assigned it a no data code and excluded it from estimates
for that year. We conducted this study under the auspices
of Oregon State University Institutional Animal Care
and Use Committee (IACUC) protocol number 3628 titled
“Demography of northern spotted owls in Oregon and
Washington.”

Hypotheses and Model Covariates

The detection probability of spotted owls can vary between
good and bad nesting years because nesting owls are more
territorial and more sedentary during the nesting season
(Anthony et al. 2006). As a result, we included 2 annual
reproductive covariates in our analysis of detection probabil-
ities: mean female fecundity (the estimated number of female
young produced per female owl assuming a 50:50 sex ratio),
and the proportion of females that nested (Appendix B,
available online at www.onlinelibrary.wiley.com). We
developed a visit-specific covariate that documented whether
a barred owl was detected either vocally or visually during any
visit to a territory (BAO), and we included a year-specific
covariate (BAODIST) for each spotted owl territory that
documented whether barred owls were detected within a
0.8-km radius of the territory center (Olson et al. 2005). We
used the 0.8-km radius cutoff for BAODIST because Kelly
et al. (2003) found that spotted owls were more likely to
move to a new location if barred owls were detected within
0.8km of the historical territory center. We also added
2 time-forward covariates (BAO1 and BAODIST1) to
extinction and colonization models. The models with the
time-forward covariates use the barred owl detection in year
i+1 to affect the extinction or colonization probability
estimate for the interval between year 7 and year i 4 1 (Olson
et al. 2005).

Cover type map.—We developed annual cover type maps
of the study area using a geographic information system
(ArcGIS; Environmental Systems Research Institute, Inc.,
Redlands, CA). We combined 23 cover types from a
classified Landsat Thematic Mapper image from August
1997 into 3 categories for assessment of vegetation
composition, patterns, and fragmentation. Canopy cover
categories were 0-39%, 40-69%, and >70%. We divided tree
size categories for forested areas into 1-12.9, 13.0-37.9, and
>38cm quadratic mean diameter (the diameter of a tree
of average basal area) for the non-habitat, mid-seral, and
late-seral forest categories, respectively. Given the available
cover-type classes on our map, we considered these 3
combinations of cover types to be most relevant to spotted
owls based on personal experience. The late-seral conifer
category contained closed-canopy cover types generally
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associated with spotted owl nesting, roosting, and foraging
habitat on the study area, whereas the mid-seral conifer and
broadleaf category represented forest stands that receive
occasional use by owls (Carey et al. 1990). Broadleaf forests
represented a very small portion of the habitat on the Cle
Elum Study Area and we combined them with the conifer
types. The non-forest category contained cover types or
canopy cover categories (<40% canopy cover) that we did not
consider to be habitat used by spotted owls. We used harvest
and disturbance data provided by the Washington State
Department of Natural Resources, Forest Practices Division
to update the cover map as necessary.

To estimate the accuracy of the cover type map, we
compared our map categories to 98 0.05-ha vegetation plots
sampled in 1995-1997. Because most of the vegetation plots
were taken in closed-canopy forest, we added 102 randomly
selected points within the study area to assess the non-habitat
type. When the classification of the cover type category was
not clear from the plot data alone, we validated the plot
data with a 1998 Digital Ortho Quad. Overall classification
accuracy of the cover type map versus our test points was 93%
using the fuzzy accuracy assessment method of Woodcock
and Gopal (2000), where the canopy cover and tree diameter
values were within 10% of the cut points to differentiate
categories in the map.

Landscape metrics.—We calculated the proportional cover-
age of non-habitat and late-seral forest within a radius of
600, 1,500, and 2,400m around each territory center
(Appendix B, available online at www.onlinelibrary.wiley.
com). For measures of landscape fragmentation, we extracted
1) the total length of edge between late-seral forest and all
other cover types, 2) the total length of edge between non-
habitat and all other cover types, 3) the number of patches
of late-seral forest, and 4) the mean patch size of late-
seral forest in the circle using program FRAGSTATS
(McGearigal et al. 2002).

Occupancy modeling.—For each survey period, we coded the
data for a territory as either 1 (spotted owls detected), 0
(spotted owls not detected), or NA (not surveyed). We
estimated territory occupancy parameters with a product
multinomial likelihood model (MacKenzie et al. 2003,
Olson et al 2005:922):

L(W1:87V7P|X17~- .

where {5 is a vector of territory occupancy probabilities for
the first primary sampling period, € and vy are matrices of
local extinction and colonization, and p(;j is a matrix of
detection probabilities of the ith occasion in the jth season.
We used this parameterization to model local extinction and
colonization, the processes that determine territory occu-
pancy, as opposed to other parameterizations that can be
used to model time-specific territory occupancy directly.
We used program MARK (White and Burnham 1999) for
all analyses.

Hypotheses and model selection.—We used a model selection
approach to assess the supporting evidence for the following
competing hypotheses: 1) the proportion of late-seral forest
habitat within a 1,500-m radius of the territory center is

,X,) = 1Y, Pr(X;)

positively associated with colonization and negatively
associated with extinction; 2) amount of edge and number
of late-seral forest patches (as metrics of fragmentation)
are negatively associated with colonization and positively
associated with extinction; and 3) barred owl presence is
negatively associated with detection and colonization, and
positively associated with extinction. We also developed a
priori models for detection probabilities where detection was
constant (.), time-specific (#), varied linearly (T), or had a
quadratic effect (T'T). For within-year time covariates, the
order of visits created the time series. We considered models
within 2.0 Akaike’s Information Criterion (AIC) units of the
top model to be competing models (Burnham and Anderson
2002). We used the general model for all other parameters in
the model (Y (), € (9, v (#), while testing different
hypotheses regarding detection probabilities (Olson et al.
2005).

After we determined the best model(s) for detection
probabilities, we then used the structure from that model
for detection probabilities and constrained the extinction
or colonization parameters by a constant (.), linear (T), or
quadratic (T'T) time effect. The best model resulting from
this suite of constrained extinction or colonization models
was the base model for the next step where we replaced the
time trend covariates for extinction, colonization, and
detection parameters in the base model with one of the
barred owl covariates. For detection probabilities, we tested
both the BAO and BDIST variables and for extinction and
colonization parameters, we tested these variables as well as
the time-forward versions (BAO1 and BDIST1). We then
added the habitat covariates, 1 per model, to extinction and
colonization parameters from the top-ranked model from
the barred owl step. After we determined the best habitat
covariates for extinction and colonization, we examined some
post-hoc models combining the best covariates for habitat
composition and pattern. Because the results of our analysis
were similar regardless of whether we used pair occupancy
(pairs detected) or simple occupancy (>1 owl detected), we
present only the results for the analysis of pair occupancy.

RESULTS

Our average maximum number of visits per territory per year
was 5 (Appendix A, available online at www.onlinelibrary.
wiley.com). From 1990 to 2005, we detected spotted owls at
92 spotted owl territories. We detected barred owls at 44 of
these territories. The annual percentage of spotted owl
territories in which we detected barred owls ranged from 0%
to 28% (Fig. 1). We found an increase in the probability of
detecting a spotted owl at a territory among visits within
a survey year, but the trend was different for each year.
Among-year spotted owl detection probability did not
appear to be related to the mean proportion of owls that
nested or fecundity across territories. The probability of
detecting a spotted owl varied among years, and the presence
of a barred owl at the territory decreased the probability of
detecting a spotted owl. We used a post-hoc model that
included a combination of among- and within-year detection
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Figure 1. Year-specific proportions of northern spotted owl territories
(sites) with barred owl detections within 1,500 m (solid circles) and within
800 m (open circles) of the site center, Cle Elum Study Area, Washington,
USA, 1989-2005.

probabilities from the top 2 AIC-ranked models for
detection probability in subsequent modeling (Table 1).

When we added the barred owl covariates to our occupancy
model for local extinction, we found that barred owl presence
at a spotted owl territory was correlated with an increase in
local extinction probability. The detection of a barred owl at
a spotted owl territory in year i+ 1 was correlated with an
increase in local extinction in the interval between year 7 and
year 7+ 1, as evidenced by the time-forward barred owl
covariate (BAO1) showing the best fit among the barred owl
covariates in the extinction models. Colonization probability
showed a quadratic trend in which territory colonization
declined rapidly during the early years of the study, and then
declined more slowly in later years (Fig. 2). When we added
habitat covariates to the extinction model, the only model
that fit the data substantially better than a model with no
habitat covariates was a model that provided weak evidence
(AAIC =2.99) for a decrease in local extinction with an
increase in the amount of late-successional forest edge.

When we added habitat covariates to our colonization
model, we found colonization probability decreased as the
number of patches of late-successional forest increased
(i-e., the late-successional forest became more fragmented).

Post-hoc models in which we included habitat covariates
from the top 2 models for extinction and colonization
indicated that local extinction probabilities declined as the
amount of late-seral forest edge increased. The 95%
confidence interval around the beta estimate for late-seral
forest edge did not overlap 0 (Table 2). Colonization
probabilities declined as the amount of non-habitat
increased, but the confidence interval for this parameter
estimate barely overlapped 0 (y = —2.46, 95% CIl = —5.00-
0.09; Table 2).

DISCUSSION

The barred owl range invasion in the Pacific Northwest has
proceeded from north to south (Kelly et al. 2003), and the
Cle Elum Study Area was likely populated with barred owls

Table 1. Habitat models used in the analysis of occupancy, including local
extinction probability (€) and local colonization probability (), of spotted
owl territories on the Cle Elum Study Area, Washington, 1989-2005.
Parameter structure for occupancy (i) and recapture probability (p) was the
same in all models {{(.), p (T1=T,=...T,, BAO+5}; AIC = Akaike’s

Information Criterion and K'=number of parameters.

AIC
Model® AIC AAIC  weights K
£(BAO1 + LSFEDGE), 2,936.83 0.00 0.59 28
~(TT + NO600 + LSFNP)®
£(BAO1+ LSFEDGE), 2,938.91 2.08 0.21 27
~(TT + LSFNP)®
€(BAO1), y(TT +NO600+  2,939.72 2.89 0.14 27
LSFNP)°

€(BAO1), y(TT + LSFNP)
&(BAO1), y(TT + NO600)
&(BAO1), y(TT + LSF1500)
&(BAO1), y(TT + LSF2400)
€(BAO1), y(TT + LSF600)
&(BAO1+ LSFEDGE),
y(TT)

&(BAO1), y(TT + NO1500)
&(BAO1), y(TT +

2,942.68 5.85 0.03 26
2,944.90 8.06 0.01 26
2,945.79 8.96 0.01 26
2,946.20 9.37 0.01 26
2,946.52 9.69 0.00 26
2,948.33  11.50 0.00 26

2,950.52 13.68 0.00 26
2,950.69  13.86 0.00 26

NOEDGE)

g(BAO1), y(TT) 295133 1449 000 25
g(BAO1+NOEDGE), 295173 1490 000 26
Y(TT)

£(BAO1 +NO1500), v(TT)
€(BAO1), y(TT +
LSFMPS)

&(BAO1), y(TT + NO2400)
£(BAO1+NO600), y(TT)
€(BAO1 + LSF1500), v(TT)
£(BAO1), y(TT +
LSFEDGE)

£(BAO1 + LSF2400), v(TT)
£(BAO1 + NO2400), v(TT)
€(BAO1 + LSF600), y(TT)
&(BAO1 + LSFNP), v(TT)
€(BAO1 + LSFMPS ~(TT)
£(BAO1), y(LSFNP)

2,952.11 1528 0.00 26
2,952.38  15.55 0.00 26

2,952.53  15.70 0.00 26
2,952.96  16.13 0.00 26
2,953.00 16.17 0.00 26
2,953.20  16.37 0.00 26

2953.21  16.38 0.00 26
2,953.22  16.39 0.00 26
2,953.30  16.46 0.00 26
2,953.30  16.47 0.00 26
2,953.33  16.50 0.00 26
2,964.31  27.48 0.00 24

* BAO = Barred owl within the site in year 7, BAO1 = barred owl within
the site in year 7+ 1, NO600 = proportion of non-habitat in a 600-m
circle, NO1500 = proportion of non-habitat in a 1,500-m circle,
NO2400 = proportion of non-habitat in a 2,400-m circle, LSF600 =
proportion of late-seral forest in a 600-m circle, LSF1500 = proportion
of late-seral forest in a 1,500-m circle, LSF2400 = proportion of late-
seral forest in a 2,400-m circle, LSFEDGE = amount of edge for late-
seral forest in a 1,500-m circle, NOEDGE = amount of edge of non-
habitat in a 1,500-m circle, LSFNP = number of patches of late-seral
forestin a 1,500-m circle, LSFMPS = mean patch size of late-seral forest
in a 1,500-m circle, TT = quadratic time effect.

b Post-hoc models formed by a combination of the top 2 models.

earlier than most study areas in Oregon. The proportion of
spotted owl territories with barred owl detections on the
Cle Elum Study Area has remained relatively constant or
increased slightly during the study period, and we suspect
that the effect of barred owls on the spotted owl population
has followed a similar trend (constant or slightly increasing).
Anthony et al. (2006) and Forsman et al. (2011) found some
evidence that barred owl presence was negatively related to
survival of spotted owls on the Cle Elum Study Area, which
could explain why we found a positive relationship between
the presence of barred owls and extinction probabilities.
In our study, barred owl presence in year 1+ 1 (BAO1) was
positively related to local extinction and barred owl presence
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Figure 2. Year-specific colonization probability of spotted owl territories
from model {{(.), EBAO1), y(TT), p(T;=T,=...T;, BAO+1)}, Cle
Elum Study Area, Washington, USA, 19892005, where {s = probability of
occupancy, € =local extinction probability, y =local colonization probabil-
ity, p = detection probability, BAO = Barred owl within the site in year 4,
BAO1 =barred owl within the site in year 7+ 1, T =linear time effect, and
TT = quadratic time effect. Error bars are +—1 SE.

in year i (BAO) was negatively related to detection. This
indicates that barred owl presence may be negatively
affecting both spotted owl territory occupancy and detect-
ability. Olson et al. (2005) found either a positive effect on
local extinction or a negative effect on colonization
associated with barred owls on study areas in Oregon. Kroll
et al. (2010) found barred owl presence had a positive effect
on extinction probability for simple occupancy, and generally
had a negative effect on spotted owl detection probabilities.
Our findings add to the evidence that barred owls are having
a negative influence on spotted owl populations (Courtney
et al. 2004, Olson et al. 2005, Kroll et al. 2010, Forsman et al.
2011, Wiens et al. 2014).

Table 2. Logit-link parameter estimates, standard errors, and 95%
confidence intervals for the model: {Us(.), €&(BAO1+ LSFEDGE), vy
(TT+NO600+ LSFNP), p(T; =T, =...T;, BAO + A}* for occupancy of
spotted owl territories on the Cle Elum Study Area, Washington, USA,
1989-2005.

95% CI

Parameter” B SE Lower Upper

0.63 0.44 -0.23 1.48
£(Intercept) —0.58 0.46 —1.47 0.31
£(BAO1) 1.81 0.39 1.06 2.57
¢(LSFEDGE) —-0.18 0.08 —-0.33 —-0.02
y(Intercept) -1.11 0.39 —1.89 —0.34
y(T) -0.17 0.03 -0.23 -0.10
y(TT) 0.02 0.01 0.01 0.04
Y(NO600) —2.46 1.30 —5.00 0.09
y(LSFNP) —0.08 0.03 —0.14 —0.03

* 1y = probability of occupancy, € =local extinction probability, y =1local
colonization probability, p = detection probability.

> BAO = Barred owl within the site in year 7, BAO1 = barred owl within
the site in year i + 1, LSFEDGE = amount of edge for late-seral forest
in a 1,500-m circle, T =linear time effect, TT = quadratic time effect,
NO600 = proportion of non-habitat in a 600-m circle, and LSFNP =
number of patches of late-seral forest in a 1,500-m circle.

Habitat Composition

A negative relationship between the probability of coloniza-
tion and the proportion of non-habitat within 600 m of the
territory center is not surprising considering that most
studies of habitat use by spotted owls indicate that they are
usually associated with late-seral forest, and show a tendency
to occupy territories with lower proportions of younger forest
types (see Courtney et al. 2004 for review). Thus, one would
expect territories with more non-habitat to be colonized
at a lower rate than territories with more late-seral forest.
However, we were surprised to find the amount of non-
habitat was a better predictor of colonization than the
amount of suitable habitat because the 2 variables are nearly
the reciprocal of one another. We hypothesize that non-
habitat is mapped more accurately than the other types, and
thus, is more strongly correlated with colonization.

Irwin et al. (2004) was one of the few studies of spotted owl
habitat associations that reported a lower proportion of old-
forest (late-successional forest) in spotted owl core areas
compared to random points on the landscape. Although
Irwin et al. (2004) used some of the same territories for their
study as we used in our study, our results seem contrary to
theirs. This difference was possibly because Irwin et al.
(2004) defined late-seral forest as stands with dominant trees
>64 cm diameter at breast height, whereas we defined late-
seral forest as closed-canopy stands with quadratic mean
diameter of overstory trees >38 cm. Thus, our mapped late-
seral forest included some stands that would not have been
included in the Irwin et al. (2004) classification.

Obur results indicate that forest fragmentation (indicated by
number of late-seral forest patches) is negatively related to
with spotted owl colonization probability. This was expected
considering that most previous studies have found that
measures of forest fragmentation were generally negatively
related to vital rates of spotted owls (e.g., Franklin and
Gutiérrez 2002, Courtney et al. 2004), positively related to
spotted owl home range size (Carey et al. 1992), or more
positively related to random points on the landscape than
areas near spotted owl nests (Lehmkuhl and Raphael 1993,
Morganti 1993, Hunter et al. 1995). The negative relation
between forest fragmentation and owl fitness as measured
above could be because higher fragmentation is related to
lower abundance of some spotted owl prey (Wilson 2010,
Lehmkuhl et al. 20064, 4). Increased fragmentation may also
negatively affect spotted owl social structure (Carey et al.
1992), thus leading to lower colonization probabilities.

We found a negative association between the amount of
late-seral forest edge and the probability of local extinction.
Spotted owl territory occupancy increases as the amount of
late-seral forest edge increases, at least within the range of
conditions that we studied. Other studies have also found
positive relationships between spotted owl reproductive
output and the amount of late-seral forest edge (Franklin
et al. 2000, Olson et al. 2004). Franklin et al. (2000)
speculated that the association between edge, reproduction,
and survival of spotted owls in their study in northwestern
California may have been related in part to the importance of
the dusky-footed woodrat (Neotoma fuscipes) in the diet of
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spotted owls in that region. Zabel et al. (1995) also noted that
spotted owls foraged near edges more than expected in their
study area in northwestern California where woodrats were
an important part of the diet. In northwest Oregon, where
flying squirrels (Glaucomys sabrinus) are the main prey eaten
by spotted owls, Glenn et al. (2004) found that spotted owls
foraged disproportionately near edges between broadleaf and
conifer forests, but not near edges between forests and non-
forest (clear-cuts and early-seral vegetation on clear-cuts).
Spotted owls in our study area may benefit from having at
least some edge within their home ranges because, even
though they feed mainly on flying squirrels that inhabit
closed-canopy late-seral forests (Forsman et al. 2001,
Lehmkuhl et al. 2006%), they also prey on species that
thrive in openings or on edges between forests and openings,
such as bushy-tailed woodrats (Neotoma cinerea), snowshoe
hare (Lepus americanus), pika (Ochotona princeps), and
gophers (Thomomys talpoides).

Franklin et al. (2000) and Olson et al. (2004) speculated
that spotted owls may seek a balance between greater
amounts of late-seral forest edge and lower fragmentation
within their core areas. If spotted owls on our study area were
assessing landscapes in a similar manner, it could explain the
positive effect of late-seral forest edge and the negative effect
of fragmentation in our study (see Fig. S1, available online at
www.onlinelibrary.wiley.com, for examples of the relation-
ship of different levels of non-habitat coverage and number
of late-seral forest patches on estimates of colonization).

Habitat Configuration

Although our results suggest that the amount of non-habitat
within 600m of the territory center exerts a stronger
influence on colonization and extinction probabilities
compared to larger scales, this does not mean that vegetative
characteristics farther than 600 m from the territory center
are not important. We examined only landscapes around nest
or core locations and did not examine the much larger areas
that spotted owls in Washington often use during winter
when they tend to wander most extensively (Forsman et al.
2005, Hamer et al. 2007). These winter ranges contain much
more late-seral forest than is contained within 600 m of
the territory center, and probably provide critical resources
for overwinter survival that are not found within the area
immediately around the nest.

Our results support the recommendation that all analyses of
spotted owls that include data collected by acoustic-lure
surveys should include estimates of detection probabilities,
preferably with an annual covariate that includes some
measure of barred owl presence (Olson et al. 2005). In
addition, the fact that our best model showed a relationship
between the time-forward (BAO1) barred owl and spotted
owl detection probabilities suggests that modeling barred
owl presence at a spotted owl territory in a given year is too
simplistic. Measures of barred owl presence should take
into account the possibility of a lag effect on spotted owl
detectability. Subsequent to our analysis, Bailey et al. (2009)
recommended that occupancy analyses of northern spotted
owls include per-visit detection probabilities for both spotted

owls and barred owls. We did not model detection
probabilities for barred owls in our analysis because multi-
season models that included simultaneous estimation of
detectability for multiple species were not available at the
time. We may have underestimated the effects of barred owl
presence on occupancy dynamics, but we believe that our
approach was still valid because our barred owl covariate was
based on multiple visits per year. If per-visit barred owl
detection probabilities in our study area were similar to those
estimated by Bailey et al. (2009), then the probability of
detecting barred owls over 5 visits would be approximately
0.95, so any bias introduced by assuming barred owl
detectability = 1.0 should be small.

The invasion of the barred owl has been identified as a
potential threat to the northern spotted owl by nearly all
researchers who have documented the range expansion of the
barred owl in the Pacific Northwest (e.g., Taylor and
Forsman 1976, Thomas et al. 1990, Dunbar et al. 1991,
Hamer et al. 1994, Courtney et al. 2004). Based on the
apparent negative relationship between barred owl presence
and spotted owl occupancy in earlier studies such as Kelly
et al. (2003), Dugger et al. (2005), and Olson et al. (2005),
the USFWS is in the process of initiating studies in which
barred owls will be removed (i.e., shot) from areas that
were historically occupied by spotted owls (Buchanan et al.
2007, Livezey 2010, Diller 2013, USFWS 2013). If these
experiments show a positive relationship between barred
owl removal and spotted owl population growth, barred owl
removal may be considered as a long-term management tool.

MANAGEMENT IMPLICATIONS

On the east slope of the Cascade Range, where our study was
conducted, loss of habitat from fire and insect outbreaks has
been identified as a threat to the long-term viability of
spotted owl populations, as well as a forest management
challenge (Thomas et al. 1990, U.S. Department of
Agriculture, Forest Service and U.S. Department of the
Interior, Bureau of Land Management [USDA and USDI]
1994, Courtney et al. 2004, Gaines et al. 2010). Much of
the concern stems from the high density of fire-intolerant
tree species and continuous fuels present in many areas, a
condition that is at least partially due to fire suppression
(Camp 1999). Much of the Cle Elum Study Area is within
late successional reserves, which were designated specifically
for conservation of species like the spotted owl (USDA and
USDI 1994). Management activities designed to reduce fuel
continuity (e.g., forest thinning) in these late successional
reserves may increase fragmentation by opening up the
canopy of fire-prone stands, and create what we consider to
be non-habitat for spotted owls. Although this may be an
unavoidable situation for management agencies and land
owners that are trying to meet multiple objectives, it is
incumbent upon those agencies to do a thorough job of
landscape planning so that areas treated to reduce the severity
or spread of wildfire are carefully designed and placed so that
they minimize the damage to habitats currently occupied by
spotted owls. A recent exploration of treatment possibilities
suggests that opportunities exist to achieve both fire and
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spotted owl management objectives (Gaines et al. 2010). In
the long term, such treatments should also be designed with
the objective of developing and maintaining closed canopy
forests on those parts of the landscape that are thought to
be least susceptible to wildfire, such as north aspects and
watercourses. In light of the increased competition from
barred owls described above, minimizing the effect of
management activities on spotted owl habitat may be more
critical now than before the barred owl invasion.

ACKNOWLEDGMENTS

For help with locating owls, we thank the following
organizations and individuals: USDA Forest Service Pacific
Northwest Research Station (C. Foster, L. Hunt, V. Illg, D.
Manson, K. Maurice, P. Radley, D. Rolph, K. Siegal, M.
Smith, and S. Smith); USDA Forest Service Cle Elum
Ranger District (M. L. Abshire, P. Garvey-Darda, R. Klatt,
D. Leversee, L. Neimi, J. E. Richards, S. Sagor, S. Stanger,
and M. Teske); Plum Creek Timber Company (L. Hicks);
Raedeke Associates (J. Bottelli, D. Herter, C. Holloway,
M. MacDonald, D. Maulkin, L. Melampy, M. Rabanal, A.
Renkert, H. Smith, W. Smith, and H. Stabins); Washington
Department of Natural Resources (H. Graham and S.
Grayson); Environmental Services Northwest (R. Gaines,
C. Abbruzzese, S. Reffler, E. Sanders, and M. Schnarre);
American Forest Resources (J. Jones). Two anonymous
reviewers provided helpful comments on an earlier draft.
This study was funded by the USDA Forest Service Pacific
Northwest Regional Office and Pacific Northwest Research
Station. In-kind support was also provided by the Depart-
ment of Fisheries and Wildlife at Oregon State University
and by the Oregon Cooperative Wildlife Research Unit.

LITERATURE CITED

Anthony, R. G., E. D. Forsman, A. B. Franklin, d. R. Anderson, K. P.
Burnham, G. C. White, C. J. Schwarz, J. D. Nichols, J. E. Hines, G. S.
Olson, S. H. Ackers, L. S. Andrews, B. L. Biswell, P. C. Carlson, L. V.
Diller, K. M. Dugger, K. E. Fehring, T. L. Fleming, R. P. Gerhardt, S. A.
Gremel, R. J. Gutiérrez, P. J. Happe, D. R. Herter, ]J. M. Higley, R. B.
Horn, L. L. Irwin, P. J. Loschl, J. A. Reid, and S. G. Sovern. 2006. Status
and trends in demography of northern spotted owls, 1985-2003. Wildlife
Monographs 163.

Bailey, L. L., J. A. Reid, E. D. Forsman, and J. D. Nichols. 2009. Modeling
co-occurrence of northern spotted owls and barred owls: accounting
for detection probability differences. Biological Conservation 142:2983—
2989.

Buchanan, . B,, R. J. Gutiérrez, R. G. Anthony, T. Cullinan, L. V. Diller,
E. D. Forsman, and A. B. Franklin. 2007. A synopsis of suggested
approaches to address potential competitive interactions between barred
owls (Strix varia) and spotted owls (8. occidentalis and 8.0. Caurina).
Biological Invasions 9:679-691.

Burnham, K. P., and D. R. Anderson. 2002. Model selection and multi-
model inference: a practical information-theoretical approach. Second
edition. Springer-Verlag, New York, New York, USA.

Camp, A. E. 1999. Age structure and species composition changes resulting
from altered disturbance regimes on the eastern slopes of the Cascades
Range, Washington. Journal of Sustainable Forestry 9:39-67.

Carey, A. B,, S. P. Horton, and B. L. Biswell. 1992. Northern spotted owls:
influence of prey base and landscape character. Ecological Monographs
62:223-250.

Carey, A. B., J. A. Reid, and S. P. Horton. 1990. Spotted owl home range
and habitat use in southern Oregon Coast Ranges. Journal of Wildlife
Management 54:1-17.

Courtney, S. P., J. A. Blakesley, R. E. Bigley, M. L. Cody, J. P. Dumbacher,
R. C. Fleischer, A. B. Franklin, J. F. Franklin, R. J. Gutiérrez, J. M.
Marzluff, and L. Sztukowski. 2004. Scientific evaluation of the status of
the northern spotted owl. Sustainable Ecosystems Institute, Portland,
Oregon.

Dark, S. J,, R. J. Gutiérrez, and G. 1. Gould. 1998. The barred owl
(Strix varia) invasion in California. Auk 115:50-56.

Diller, L. V. 2013. To shoot or not to shoot; the ethical dilemma of killing
one raptor to save another. The Wildlife Professional 7:54-57.

Diller, L. V., J. P. Dumbacher, R. P. Bosch, R. R. Brown, and R. ]J.
Gutiérrez. 2014. Removing barred owls from local areas: techniques and
feasibility. Wildlife Society Bulletin 38:211-216.

Dugger, K. M., F. Wagner, R. G. Anthony, and G. S. Olson. 2005.
The relationship between habitat characteristics and demographic
performance of northern spotted owls in southern Oregon. Condor
107:863-878.

Dunbar, D. L., B. P. Booth, E. D. Forsman, A. E. Hetherington, and D. J.
Wilson. 1991. Status of the spotted owl, Szrix occidentalis, and barred owl,
Strix varia, in southwestern British Columbia. Canadian Field-Naturalist
105:464-468.

Forsman, E. D., R. G. Anthony, K. M. Dugger, E. M. Glenn, A. B.
Franklin, G. C. White, C. J. Schwarz, K. P. Burnham, D. R. Anderson,
J. D. Nichols, J. E. Hines, J. B. Lint, R. J. Davis, S. H. Ackers, L. S.
Andrews, B. L. Biswell, P. C. Carlson, L. V. Diller, S. A. Gremel, D. R.
Herter, J. M. Higley, R. B. Horn, J. A. Reid, J. Rockweit, J. Schaberl, T. J.
Snetsinger, and S. G. Sovern. 2011. Population demography of northern
spotted owls. Studies in Avian Biology 40.

Forsman, E. D., T. J. Kaminski, J. C. Lewis, K. J. Maurice, S. G. Sovern, C.
Ferland, and E. M. Glenn. 2005. Home range and habitat use of northern
spotted owls on the Olympic Peninsula, Washington. Journal of Raptor
Research 39:365-377.

Forsman, E. D, E. C. Meslow, and H. M. Wight. 1984. Distribution and
biology of the spotted owl in Oregon. Wildlife Monographs 87.

Forsman, E. D., I. A. Otto, S. G. Sovern, M. Taylor, D. W. Hays, H. Allen,
S. L. Roberts, and D. E. Seaman. 2001. Spatial and temporal variation in
diets of spotted owls in Washington. Journal of Raptor Research 35:
141-150.

Forsman, E. D., S. G. Sovern, D. E. Seaman, K. J. Maurice, M. Taylor, and
J.J. Zisa. 1996. Demography of the northern spotted owl on the Olympic
Peninsula and east slope of the Cascade Range, Washington. Studies in
Avian Biology 17:21-30.

Franklin, A. B., D. R. Anderson, R. J. Gutiérrez, and K. B. Burnham. 2000.
Climate, habitat quality, and fitness in northern spotted owl populations in
northwestern California. Ecological Monographs 70:539-590.

Franklin, A. B., and R. ]J. Gutiérrez. 2002. Spotted owls, forest
fragmentation, and forest heterogeneity. Studies in Avian Biology 25:
203-220.

Gaines, W. L., R. J. Harrod, J. Dickinson, A. L. Lyons, and K. Halupka.
2010. Integration of northern spotted owl habitat and fuels treatments in
the eastern Cascades, Washington, USA. Forest Ecology and Manage-
ment 260:2045-2052.

Glenn, E. M., M. C. Hansen, and R. G. Anthony. 2004. Spotted owl home-
range and habitat use in young forests of western Oregon. Journal of
Wildlife Management 68:33-50.

Hamer, T. E. 1988. Home range size of the northern barred owl and
northern spotted owl in western Woashington. Thesis, Western
Washington University, Bellingham, USA.

Hamer, T. E., E. D. Forsman, A. D. Fuchs, and M. L. Waters. 1994.
Hybridization between barred and spotted owls. Auk 111:487-492.

Hamer, T. E., E. D. Forsman, and E. M. Glenn. 2007. Home range
attributes and habitat selection of barred owls and spotted owls in an area
of sympatry. Condor 109:750-768.

Hamer, T. E., D. L. Hays, C. M. Senger, and E. D. Forsman. 2001. Diets of
northern barred owls and northern spotted owls in an area of sympatry.
Journal of Raptor Research 35:221-227.

Herter, D. R., and L. L. Hicks. 2000. Barred owl and spotted owl
populations and habitat in the central Cascade Range of Washington.
Journal of Raptor Research 34:279-286.

Hunter, J. E, R. J. Gutiérrez, and A. B. Franklin. 1995. Habitat
configuration around spotted owl sites in northwestern California. Condor
97:684-693.

Irwin, L. L., T. L. Fleming, and J. Beebe. 2004. Are spotted owl populations
sustainable in fire-prone forests? Journal of Sustainable Forestry 18:1-28.

1442

The Journal of Wildlife Management ¢ 78(8)



Jensen, D., G. Draffan, and J. Osborn. 1995. Railroads and clearcuts: legacy
of Congress’s 1864 Northern Pacific Railroad Land Grant. The Lands
Council Keokee Publishing, Sandpoint, Idaho, USA.

Kelly, E. G., and E. D. Forsman. 2004. Recent records of hybridization
between barred owls (S#7ix varia) and northern spotted owls (S. occidentalis
caurina). Auk 121:806-810.

Kelly, E. G., E. D. Forsman, and R. G. Anthony. 2003. Are barred owls
displacing spotted owls? Condor 105:45-53.

Kroll, A. J., T. L. Fleming, and L. L. Irwin. 2010. Site occupancy dynamics
of northern spotted owls in the Eastern Cascades, Washington, USA,
1990-2003. Journal of Wildlife Management 74:1267-1274.

Lehmkuhl, J. F., K. D. Kistler, and J. S. Begley. 20064. Bushy-tailed woodrat
abundance in dry forests of eastern Washington. Journal of Mammalogy
87:371-379.

Lehmkuhl, J. F., K. D. Kistler, J. S. Begley, and J. Boulanger. 20064.
Demography of northern flying squirrels infoms ecosystem management
of western interior forests. Ecological Applications 16:585-600.

Lehmkuhl, J. F., and M. G. Raphael. 1993. Habitat pattern around northern
spotted owl locations on the Olympic Peninsula, Washington. Journal of
Wildlife Management 57:302-315.

Leskiw, T., and R. J. Gutiérrez. 1998. Possible predation of a spotted owl by
a barred owl. Western Birds 29:225-226.

Lint, J., B. Noon, R. Anthony, E. Forsman, M. Raphael, M. Collopy, and E.
Starkey. 1999. Northern spotted owl effectiveness monitoring plan for the
Northwest Forest Plan. U.S. Forest Service, Pacific Northwest Research
Station, General Technical Report PNW-GTR-440, Portland, Oregon,
USA.

Livezey, K. B. 2010. Killing barred owls to help spotted owls I: a global
perspective. Northwestern Naturalist 91:107-133.

MacKenzie, D. 1., J. D. Nichols, J. E. Hines, M. G. Knutson, and A. B.
Franklin. 2003. Estimating site occupancy, colonization, and local
extinction when a species is detected imperfectly. Ecology 84:2200-2207.

MacKenzie, D. 1., J. D. Nichols, G. B. Lachman, S. Droege, J. A. Royle, and
C. A. Langtimm. 2002. Estimating site occupancy rates when detection
probabilities are less than one. Ecology 83:2248-2255.

McGarigal, K., S. A. Cushman, M. C. Neel, and E. Ene. 2002.
FRAGSTATS: spatial pattern analysis program for categorical maps.
University of Massachusetts, Amherst, USA.

Morganti, R. 1993. Landscape patterns in wildlife habitat: the landscape
ecology of Northern Spotted owl habitat in the eastern high Cascade
Mountains of southern Oregon. Thesis, University of Oregon, Eugene,
USA.

Noon, G. R., and A. B. Franklin. 2002. Scientific research and the spotted
owl (Strix occidentalis): opportunities for major contributions to avian
population ecology. Auk 119:311-320.

Olson, G. S., R. G. Anthony, E. D. Forsman, S. H. Ackers, P. ]. Loschl,
J. A. Reid, K. M. Dugger, E. M. Glenn, and W. J. Ripple. 2005. Modeling
of site occupancy dynamics for northern spotted owls, with emphasis on
the effects of barred owls. Journal of Wildlife Management 69:918-932.

Olson, G. S., E. M. Glenn, R. G. Anthony, E. D. Forsman, J. A. Reid, P. .
Loschl, and W. ]J. Ripple. 2004. Modeling demographic performance of
northern spotted owls relative to forest habitat in Oregon. Journal of
Wildlife Management 68:1039-1053.

Pearson, R. R., and K. B. Livezey. 2003. Distribution numbers and site
characteristics of spotted owls and barred owls in the Cascade Mountains
of Washington. Journal of Raptor Research 37:265-276.

Pollock, K. H. 1982. A capture-recapture design robust to unequal
probability of capture. Journal of Wildlife Management 46:752-757.

Reichard, T. A. 1974. Barred owl sightings in Washington. Western Birds
5:138-140.

Reid, J. A.,R. B. Horn, and E. D. Forsman. 1999. Detection rates of spotted
owls based on acoustic-lure and live-lure surveys. Wildlife Society Bulletin
27:986-990.

Richardson, E. 1980. BLM’s billion-dollar checkerboard: managing the
O & C lands. Forest History Society, Santa Cruz, California, USA.

Taylor, A. L., and E. D. Forsman. 1976. Recent range extensions of the
barred owl in western North America, including the first records for
Oregon. Condor 78:560-561.

Thomas, J. W., E. D. Forsman, J. B. Lint, E. C. Meslow, B. R. Noon, and J.
Verner. 1990. A conservation strategy for the northern spotted owl.
USDA Forest Service, USDI Bureau of Land Management, USDI Fish
and Wildlife Service and USDI National Park Service, Portland, Oregon,
USA.

U.S. Department of Agriculture, Forest Service and U.S. Department of the
Interior, Bureau of Land Management [USDA and USDI]. 1994. Record
of decision for amendments to Forest Service and Bureau of Land
Management planning documents within the range of the northern
spotted owl. USDA and USDI, Washington, D.C., USA.

U.S. Fish and Wildlife Service [USFWS]. 2008. Final recovery plan for the
northern spotted owl, Strix occidentalis caurina. U.S. Fish and Wildlife
Service, Portland, Oregon, USA.

U.S. Fish and Wildlife Service [USFWS]. 2013. Experimental removal of
barred owls to benefit threatened northern spotted owls; Record of
decision for final environmental impact statement. Federal Register
78:57171-57173.

Van Lanen, N.J., A. B. Franklin, K. P. Huyvaert, R. F. Reiser, II, and P. C.
Carlson. 2011. Who hits and hoots at whom? Potential for interference
competition between barred and northern spotted owls. Biological
Conservation 144:2194-2201.

White, G. C.,, and K. P. Burnham. 1999. Program MARK: survival
estimation from populations of marked animals. Bird Study Supplement
46:120-138.

Wiens, J. D., R. G. Anthony, and E. D. Forsman. 2014. Competitive
interactions and resource partitioning between northern spotted owls and
barred owls in western Oregon. Wildlife Monographs 185.

Wilson, T. M. 2010. Limiting factors for northern flying squirrels
(Glaucomys sabinus) in the Pacific Northwest: a spatio-temporal analysis.
Dissertation, Union Institute and University, Cincinnati, Ohio, USA.

Woodcock, C. E., and S. Gopal. 2000. Fuzzy set theory and thematic maps:
accuracy assessment and area estimation. International Journal of
Geographical Information Science 14:153-172.

Yackulic, C. B.,]J. Reid, J. D. Nichols, J. E. Hines, R. Davis, and E. Forsman.
2014. The roles of competition and habitat in the dynamics of populations
and species distributions. Ecology 95:265-279.

Zabel, C.]., K. S. McKelvey, and J. P. Ward. Jr., 1995. Influence of primary
prey on home-range size and habitat-use patterns of northern spotted owls
(Strix occidentalis caurina). Canadian Journal of Zoology 73:433-439.

Associate Editor: R. J. Guticrrez.

SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of this article at the publisher’s web-site.

Sovern et al.  Spotted Owl Territory Occupancy

1443



