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caurina) in Washington and Oregon—2019 Annual Report
By J. David Wiens 1, Katie M. Dugger 2, Damon B. Lesmeister 3, Krista E. Dilione1, and David C. Simon1

Abstract
Strix occidentalis caurina (northern spotted owl; hereinafter referred to as spotted owl) have
rapidly declined throughout the subspecies’ geographic range. Competition with invading Strix varia
(barred owl) has been identified as an immediate cause of those declines. A pilot study in California
showed that removal of barred owls coupled with conservation of suitable habitat conditions can slow or
even reverse population declines of spotted owls. It is unknown, however, whether similar results can be
obtained in areas with different forest conditions, greater densities of barred owls, and fewer remaining
spotted owls. We used a before-after-control-impact (BACI) experimental design on three study areas
with long-term demographic information on spotted owls to determine if removal of barred owls can
improve population trends of spotted owls. This report summarizes research accomplishments and
initial results from the first 4.5 years (from March 2015 to August 2019) of implementing barred owl
removal experiments in Washington and Oregon.

Introduction
Over the past century Strix varia (barred owls) have expanded their geographic range west from
eastern North America, and their newly expanded range now completely overlaps that of the federally
threatened S. occidentalis caurina (northern spotted owl). Evidence indicates that competition with
invading barred owls has contributed greatly to declines in spotted owl populations (Wiens and others,
2014; Dugger and others, 2016; Yackulic and others, 2019). A pilot study in coastal California
demonstrated that removal of barred owls in combination with conservation of suitable forest conditions
can slow or even reverse the rate of population decline in spotted owls (Diller and others, 2014, 2016).
It remains unknown, however, whether similar results can be obtained in areas with different forest
types, greater densities of barred owls, and fewer remaining spotted owls.
In 2015 we initiated a comprehensive before-after-control-impact (BACI) experiment to
determine the demographic response of spotted owls to localized removals of barred owls (Wiens and
others, 2019). The removal experiment was based on three long-term demographic study areas for
spotted owls in Washington and Oregon. The goal of the experiment is to provide a definitive test of
whether competitive interactions with barred owls cause population declines of spotted owls, and if so,
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whether removal of barred owls is an effective tool to consider in long-term management of the two owl
species (Johnson and others, 2008; U.S. Fish and Wildlife Service, 2013). Specific objectives of the
study are to:
1. Determine the effect of removal of barred owls on vital rates and population trend of spotted
owls; and
2. Estimate changes in the occurrence and distribution of barred owls to assess the effectiveness of
removals in reducing populations of barred owls.
The purpose of this report is to provide a summary of preliminary results from the first 4.5 years (from
March 2015 to August 2019) of removal experiments implemented in Oregon and Washington. The
results are considered preliminary, pending final analyses and completion of the study.

Study Areas
The barred owl removal experiment was spatially replicated in four study areas, each with longterm (1990–2019) data on population demography of spotted owls. This report focuses on initial results
from three of these study areas: Cle Elum (Washington), Coast Range (Oregon), and KlamathUnion/Myrtle (Klamath-UM, Oregon, table 1; fig. 1). Experimental study areas were selected based on
many considerations, including availability of pre-treatment demographic data on spotted owls, land
ownership, and the need to identify the effect of barred owls on spotted owls across a broad range of
forest conditions co-occupied by the two owl species (see U.S. Fish and Wildlife Service, 2013 for
details on selection of study areas). Each study area was divided into two or more similar areas where
barred owls were either removed (treatment areas) or not removed (control areas). The study areas are
composed of mostly Federal lands, but fieldwork also occurred on adjacent State, Tribal, and private
lands with written permission from the landowner.
Table 1. Study areas, years of removal effort, and samples sizes used to estimate the effects of barred owl removal
on population dynamics of northern spotted owls in Washington and Oregon.
[Number of spotted owl territories: Historically occupied territories surveyed for northern spotted owls annually during
2002–19. Number of spotted owls banded: Number of individually color-marked spotted owls used to estimate demographic
rates. Number of barred owl sites: Hexagonal plots used to survey barred owls. km2, square kilometer; --, no data]
Number of:
Treatment level

Removal start
year

Total area
(km2)

Spotted owls
banded,
2002–2019

Barred owl
sites
(5 km2
hexagons)

31
45

50
52

109
112

58
45

152
84

178
102

78
84

238
242

122
142

Historical spotted
owl territories

Cle Elum, Washington
Control
Treatment

-2015

Control
Treatment

-2015

Control
Treatment

-2016

670
604
Coast Range, Oregon
1,015
582
Klamath-UM, Oregon
698
783
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Figure 1. Locations of treatment (barred owls removed) and control (no removal) portions of three study areas in
Washington and Oregon used to characterize the effect of barred owl removal on population dynamics of northern
spotted owls.
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Methods
Owl Surveys and Population Monitoring
We used species-specific surveys to document BACI changes in populations of spotted owls and
barred owls. Annual surveys and mark-recapture studies of spotted owls at historically occupied
territories were completed as part of a long-term demographic monitoring program (Franklin and others,
1996, Lint and others, 1999; Dugger and others, 2016). Recent summaries of spotted owl population
trends, breeding and mate status of detected owls, number of owls banded, inter-territory movements
and general age distribution are reported elsewhere (Lesmeister and others, 2020a–c).
We used a standard site-occupancy design described by Wiens and others (2011) to survey
barred owls. Mean home-range size for barred owls in the Pacific Northwest ranges from 4–7 square
kilometers (km2) (Wiens and others, 2014). Using home-range size as a guide, a grid of 5-km2 hexagons
was overlaid across each study area. We considered each hexagon grid cell a site and surveyed each site
repeatedly over three sampling periods within the breeding season: March 1–May 7, May 8 – July 9,
and July 10 – September 10, 2019. Sampling periods reflected approximate transition dates between
incubation, nestling, and fledgling-dependency breeding stages of barred owls (Wiens and others, 2011;
2014). During each survey, observers used an amplified megaphone (FoxPro, Lewiston, Pennsylvania;
Wildlife Technologies, Manchester, New Hampshire) to broadcast digitally recorded calls of barred
owls at two to five call points established in each site. Observers recorded the number and sex of barred
owls detected during each survey. A site was considered used by at least one territorial pair of barred
owls if (1) both sexes were observed within 400 meters (m) of each other on a single visit or (2) at least
one adult was observed with young (Wiens and others, 2011).

Barred Owl Removal
We used well-established field protocols for the removal and scientific collection of barred owls
(Diller and others, 2014, 2016; U.S. Fish and Wildlife Service, 2013). Barred owls detected in treatment
areas were removed using 12-gauge shotguns loaded with nontoxic shot. We observed frequent
recolonization by barred owls, so we did regular followup visits to detect newly colonizing barred owls
and conduct additional removals as needed. We determined sex of barred owls in the field based on
vocalizations and morphometric measurements, and later verified those determinations in the lab by
examining sex organs. We classified barred owls as either subadults (owls in their 1st or 2nd year) or
adults (owl 3 years and older) based on molt and plumage characteristics observed under ultraviolet
light (Weidensaul and others, 2011), and by identifying juvenile flight feathers. Barred owls were stored
locally at each study area until distributed as scientific specimens to museums and universities (app. 1).
The protocol for removals we used prohibited collection of barred owls with dependent young
(U.S. Fish and Wildlife Service, 2013). As a consequence, we completed removals in the nonbreeding
season (September–April) or in cases where observers had high confidence in determining reproductive
status of individuals (U.S. Fish and Wildlife Service, 2013). Such cases were typically at sites where we
documented rapid (within 2–3 weeks) recolonization of new barred owls after removing of the previous
occupants in early spring, prior to the estimated mean hatching date for barred owls (~April 15; Wiens
and others, 2014). Breeding season removals were generally focused in areas known to be recently
occupied by spotted owls. We were unable to complete breeding season removals in the Cle Elum study
area during 2016–18 because snow limited access to removal sites in early spring. All barred owl
removals were conducted by personnel certified by the U.S. Geological Survey. Field protocols used for
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surveys and lethal removals of barred owls were reviewed and approved by the Institutional Animal
Care and Use Committee at Oregon State University and were completed under Federal and State
Scientific Collection permits.

Assessing the Initial Effects of Removals
Barred Owl Occupancy Dynamics
We used multi-season occupancy models (MacKenzie and others, 2002, 2006) to track annual
changes in barred owls on control versus treatment areas and quantify the effectiveness of removals in
reducing populations. We focused inferences from the analysis on detections/non-detections of at least
one pair of barred owls because territorial pairs have the potential to reproduce and may defend their
territories more aggressively than single birds,. Site-specific detection histories were used to estimate
the probability (1) of use by at least one pair of barred owls in the year prior to removals (initial
occupancy, ψ1); (2) that used sites become unused (local extinction, ε); (3) that unused sites become
used (local colonization, γ); and (4) of detecting at least one pair of barred owls given the site was used
(p). Actual territory boundaries (defended areas) may overlap more than one hexagon used for surveys,
so we interpreted occupancy as the probability of a used territory (defended area) overlapping with a 5km2 survey site (that is, site usage; Kendall and others, 2013; Davis and others, 2018). We retain the
term occupancy to maintain standardized terminology used for this modeling approach. At survey sites
with year-round removal of non-nesting barred owls (n = 39), we considered only surveys within a
breeding season that occurred prior to removal of the last barred owl to minimize bias of parameter
estimates (Diller and others, 2016).
We used program MARK (White and Burnham, 1999) to determine how removals and time
(year) influenced the occupancy dynamics of barred owls. We first examined the effects of treatment
level (control versus treatment), year, and visits within years on detection probability. After retaining
the best structure for detection, we moved on to model initial occupancy, colonization, and then
extinction. We examined evidence for treatment effects on extinction and colonization rates as a group
effect, which allowed parameter estimates to vary between sites with and without removals. We
compared support for models with and without the effect of barred owl removal included and used
information theoretic methods to rank and select among competitive models (Burnham and Anderson,
2002). We calculated model-averaged estimates where appropriate, and evaluated the degree to which
95-percent confidence intervals of regression coefficients (β) overlapped zero to supplement evidence of
treatment effects.

Spotted Owl Territory Occupancy and Reproduction
We used long-term (2002 – 2019) monitoring data on spotted owls to summarize estimates of
numbers of territorial pairs detected, naïve occupancy (proportion of historical territories surveyed with
detections of resident pairs of spotted owls), and reproduction (mean number of young produced per
pair and total number of young produced per year). Because detection probabilities of spotted owls are
below 1 (Dugger and others, 2016), empirical data presented in this report may underestimate actual
numbers or territory occupancy of spotted owls. Analyses that account for imperfect detection in
estimates of the effects of barred owl removal on population dynamics of spotted owls are forthcoming.
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Results
Barred Owl Surveys and Removals
From 2015 to 2019, we completed 8,004 surveys of barred owls at 765 hexagons (409 control
and 356 treatment). By August of 2019, the mean number of individual barred owls detected per
hexagon in treatment (removal) areas had decreased by 77 (Cle Elum study area), 44 (Coast Range
study area) and 47 (Klamath-UM study area) percent relative to pretreatment estimates (fig. 2). In
control areas, the mean number of barred owls detected increased by 14 (Coast Range study area) to 69
(Klamath-UM study area) percent in Oregon, but declined by 19 percent in Washington. We detected 2–
3 times as many barred owls in the Coast Range relative to the other 2 study areas (fig. 2).

Figure 2. Average number of barred owls detected per 5-km2 hexagon in control (barred owls not removed) and
treatment (barred owls removed) portions of three study areas before and after barred owls were removed in
Washington and Oregon, 2015–19. Annual means were calculated as the maximum number of individuals detected
per hexagon, divided by the total number of hexagons surveyed. Error bars represent standard error.
Field crews completed 4,384 site visits to remove a total of 2,066 barred owls: 486 in the Cle
Elum study area, 1,034 in the Coast Range study area, and 546 in the Klamath-UM study area (fig. 3).
The sample included 908 females, 1,107 males, and 51 owls of unknown sex. A minimum of 412
territorial pairs of barred owls were removed. We recovered 2,048 carcasses – 18 carcasses could not be
recovered because they were either too high in a tree to reach, fell onto areas unsafe for access, or could
not be located after a single lethal shot. Forty-two (2.1 percent) barred owls required euthanasia using an
Institutional Animal Care and Use Committee -approved penetrating bolt device (Bunny Rancher Inc.,
Frankfort, Maine). There were no known cases where a nontarget species was injured or mistakenly
killed. Carcasses of barred owls were provided as scientific specimens to 28 different institutions for
education and research purposes (app. 1).
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Figure 3. Numbers of barred owls removed by season in three experimental study areas in Washington and
Oregon, 2015–19. Nonbreeding (NB) and breeding (BR) seasons were from September 1 to April 15 and April 16
to August 31, respectively. Removals during the breeding season (*) were not conducted in 2016 and were limited
to the Coast Range and Klamath-UM study areas in 2017 and 2018.
We observed a high level of spatial variation within and among study areas in numbers of barred
owls removed, which we attributed to regional- and site-specific differences in the rate of recolonization
following removals (fig. 4, also see Barred Owl Occupancy Dynamics below). The mean number of
barred owls removed per 5-km2 hexagon during the study period was 4.6 in the Cle Elum study area
(range = 0–26 owls), 10.0 in the Oregon Coast Range study area (range = 0–46 owls), and 3.8 in the
Klamath-UM study area (range = 0–22 owls).
Cle Elum

Coast Range

Klamath-UM

Figure 4. Variation among study areas and sites (5 km2 hexagons) in numbers of barred owls removed during
2015–19. The mean number of barred owls removed per site over 3 (Klamath-UM study area) to 4 (Cle Elum and
Coast Range study areas) years of removal effort is indicated by a dashed vertical red line.
7

Initial Effects of Removals
Barred Owl Occupancy Dynamics
Before removals, there was no evidence of differences between control and treatment areas in
expected site occupancy of barred owls (fig. 5; app. 2). After removals, expected occupancy of barred
owls in treatment areas declined by 13 (Coast Range study area) to 60 (Cle Elum study area) percent
relative to pretreatment estimates (table 2). In contrast, expected occupancy in control areas remained
relatively constant (Coast Range and Klamath-UM study areas) or was slowly decreasing (Cle Elum
study area). The effectiveness of removals in reducing site occupancy, as shown by differences between
control and treatment areas in post-removal years, varied substantially among the three study areas
(table 2, fig. 5).

� ) by territorial pairs of barred owls in control
Figure 5. Model-averaged estimates of landscape occupancy (ψ
(barred owls not removed) compared to treatment (barred owls removed) portions of three study areas in
Washington and Oregon, 2015–19. Error bars are unconditional 95-percent confidence intervals.
There was strong evidence that removals increased local extinction probabilities of barred owls
in all three study areas (apps. 2, 3). Models that included the effect of treatment on extinction
probability consistently outperformed models without this effect, and 95-percent confidence intervals of
associated beta coefficients did not include zero (app. 2). By 2019, extinction rates were 2.7–4.6 times
greater in treatment sites relative to controls (app. 3). We found weak evidence of treatment (removal)
effects on local colonization of barred owls. Post-removal recolonization rates of barred owls in treated
areas were substantially greater in the Coast Range study area (𝛾𝛾� = 0.42, SE = 0.12) than in the Cle
Elum (𝛾𝛾� = 0.09, SE = 0.05) or Klamath-UM study areas (𝛾𝛾� = 0.17, SE = 0.07; app. 3). The consistently
high annual rate of recolonization by new territorial pairs we observed in the Coast Range study area
largely compensated for the negative effect of removals on expected site occupancy (table 2; fig. 5).
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� ) by territorial pairs of barred owls, with
Table 2. Model-averaged estimates of expected occupancy (ψ
unconditional standard errors (SE) and lower (LCL) and upper (UCL) confidence limits, before and after removals in
three experimental study areas in Washington and Oregon, 2015–19.

 −ψ

[%Δ = percent change in expected occupancy during the study period ( ψ
2019 × 100). λ 2019 = model averaged annual
pre
rate of change in occupancy between 2018 and 2019]
Model-averaged estimates
Treatment level


ψ
pre

SE

LCL

Control
Treatment

0.752
0.757

0.040
0.044

0.665
0.660

Control
Treatment

0.917
0.917

0.029
0.029

0.840
0.840

Control
Treatment

0.707
0.707

0.052
0.052

0.606
0.606


ψ
2019

UCL

Cle Elum, Washington
0.823
0.485
0.833
0.153
Coast Range, Oregon
0.959
0.899
0.959
0.789
Klamath-UM, Oregon
0.808
0.708
0.808
0.385

%Δ

λ 2019

SE

LCL

UCL

0.054
0.037

0.382
0.094

0.589
0.239

−27
−60

1.05
0.52

0.023
0.060

0.844
0.649

0.936
0.883

−2
−13

1.00
0.99

0.042
0.061

0.625
0.265

0.791
0.504

<1
−32

1.11
0.81

Spotted Owl Territory Occupancy and Reproduction
Long-term data prior to barred owl removals show sharp declines in annual numbers of resident
spotted owls detected in control and treatment areas (fig. 6A). In the year prior to removals (2016 in the
Klamath-UM study area, 2015 in the other areas), the total number of pairs of spotted owls detected
across all control and treatment areas combined was 30 and 17, respectively (table 3) 4. After 3–4 years
of removal effort, the total number of pairs detected was 5 and 19, respectively. This total represented
an 83-percent decrease in numbers of pairs on control areas compared to a 12-percent increase in
numbers on treated areas with barred owl removal. Post-removal changes were most pronounced in the
Oregon Coast Range study area, where the number of pairs detected in treated areas has doubled during
the study yet decreased by 91 percent in control areas (table 3; fig. 6A).
Long-term empirical data show that the annual number of fledgling spotted owls produced in
control compared to treatment areas was highly variable among years and study areas (fig. 6B). In 2019,
ten (91 percent) of 11 pairs of spotted owls that successfully fledged young were in treatment areas with
barred owl removal (table 4). Differences in spotted owl reproduction in control compared to treatment
areas were most pronounced in the Klamath-UM study area. All pairs that successfully produced young
in 2019 in the Klamath-UM study area were in areas with consistent, year-round barred owl removal
effort.

4

Data on spotted owls are specific to control and treatment portions of each study area, so may vary
from estimates reported in these areas by Regional Ecosystem Office
(www.fs.fed.us/r6/reo/monitoring/reports/).
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Table 3. Annual estimates of territory occupancy by pairs of northern spotted owls in control (barred owls not
removed) and treatment (barred owls removed) portions of three study areas in Washington and Oregon, 2015–18.
[Shading indicates years in which barred owls were removed in treatment areas (four years in Cle Elum and Oregon Coast
Range, three years in Klamath-UM]
Historical
territories
surveyed

Treatment level

Number of territories with pairs of spotted owls detected
(proportion of historical territories with pairs in parentheses)
2015

2016

2017

2018

2019

Cle Elum, Washington
Control
Treatment

32
45

5 (0.16)
2 (0.04)

Control
Treatment

58
45

Control
Treatment

78
84

2 (0.06)
2 (0.04)
Coast Range, Oregon
11 (0.19)
9 (0.16)
3 (0.07)
5 (0.11)
Klamath-UM, Oregon

2 (0.06)
2 (0.04)

3 (0.09)
3 (0.07)

1 (0.03)
3 (0.07)

6 (0.10)
4 (0.09)

1 (0.02)
6 (0.13)

1 (0.02)
6 (0.13)

18 (0.23)
22 (0.26)

12 (0.15)
13 (0.15)

5 (0.06)
12 (0.14)

3 (0.04)
11 (0.13)

14 (0.18)
12 (0.14)

Table 4. Annual estimates of reproduction of northern spotted owls in control (barred owls not removed) versus
treatment (barred owls removed) portions of three study areas in Washington and Oregon, 2015–18.
[Shading indicates years in which barred owls were removed in treatment areas (four years in Cle Elum and Oregon Coast
Range, three years in Klamath-UM]
Number of territories with ≥ one young fledged
(proportion of sites with fledged young in parentheses)

Treatment level
2015

2016

2017

2018

2019

Control
Treatment

Cle Elum, Washington
2 (0.06)
0
1 (0.02)
2 (0.04)
Coast Range, Oregon

2 (0.06)
1 (0.02)

0
0

1 (0.03)
3 (0.07)

Control
Treatment

3 (0.05)
0

1 (0.02)
2 (0.04)

0
0

0
1 (0.02)

4 (0.05)
2 (0.02)

1 (0.01)
1 (0.01)

0
6 (0.07)

0
1 (0.02)
Klamath-UM, Oregon

Control
Treatment

8 (0.10)
6 (0.07)

1 (0.01)
1 (0.01)
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Figure 6. Long-term (2002–19) annual trends in (A) number of individual (resident) northern spotted owls detected,
and (B) total number of young fledged (NYF) at control (barred owls not removed) and treatment (barred owls
removed) portions of three experimental study areas in Washington and Oregon. Dashed vertical bars indicate the
start date of removals in treatment areas.
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Discussion
Long-term data prior to removals illustrate sharp declines in annual numbers of resident spotted
owls detected in control and treatment portions of all three study areas in Oregon and Washington. The
declining trend of spotted owls continued in control areas during the study, where an overall 83 percent
decline was observed over 4 years in the numbers of territorial pairs detected. In contrast, there was a
12-percent increase in numbers of pairs in treated sites during barred owl removal. These data are
preliminary and conclusions from the experiment are pending final and forthcoming analyses of the
demographic response of spotted owl to barred owl removal. Moreover, data presented here do not
account for imperfect detection of spotted owls during demographic surveys, so may underestimate
actual numbers of pairs or individuals, or reproductive output. Nonetheless, the initial results indicate
that the numbers of resident spotted owls have been maintained in treated landscapes yet have continued
along a declining trajectory in control areas. Posttreatment changes in numbers of spotted owls detected
appeared to be the greatest in the Oregon Coast Range study area, where the number of territorial pairs
in treated areas has doubled during the study but numbers in control areas have declined by 91 percent.
This initial result was surprising because barred owls in the Oregon Coast Range study area also had the
highest recolonization rates following removals, which partially compensated for the effect of removals
on landscape occupancy of barred owls.
In 2019, ten of 11 pairs (91 percent) of spotted owls that successfully produced young in our
study areas were in areas with barred owl removal. This pattern was largely driven by a discrepancy in
reproductive effort of spotted owls in control compared to treatment areas of the Klamath-UM study
area (table 3B). In previous studies, a high degree of annual variation in productivity of spotted owls,
before and after removal efforts, obscured the ability to quantify how removals affect fecundity of
spotted owls (Diller and others, 2016). Low and highly variable reproduction in our study areas in years
prior to and during removals (fig. 6B) suggests this may be the case in our study areas as well. Planned
analyses of spotted owl reproduction will examine BACI effects of barred owl removal on the mean
number of young fledged per territory monitored (for example, table 3B), in addition to fecundity, to
better understand how barred owl removal may affect productivity of spotted owls.
Our initial assessment of occupancy dynamics of barred owls indicated that removals effectively
reduced populations in treated areas by 13 (Oregon Coast Range study area) to 60 (Cle Elum study area)
percent with 3–4 years of removal effort. We also found no evidence that site-occupancy by barred owls
varied between control and treatment areas in the year prior to removals. This finding provided
confidence that control and treatment areas had similar use by barred owls prior to treatments, and that
post-treatment changes could be reliably attributed to removals. In the Oregon study areas, barred owl
occupancy remained constant or increased slightly in control areas over time, as would be expected if
populations were continuing to expand (or nearing carrying capacity). In contrast, there was a slight
reduction observed in barred owl occupancy in the control area of the Cle Elum study area, suggesting
that other factors may be influencing populations in these study areas. A consistently high level of
spatial variation among sample sites in numbers of barred owls removed (fig. 4, for example) was also
observed, which may reflect spatial heterogeneity in habitat quality for colonizing barred owls. Planned
analyses will incorporate site-level habitat and disturbance characteristics to more fully characterize
how these factors interact with removals to affect colonization or extinction dynamics of barred owls.
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Summary
During 2015–19, we completed annual demographic surveys of Strix varia (barred owl) and
Strix occidentalis caurina (spotted owl) at 765 and 341 5-square kilometer sites, respectively, and a total
of 2,066 barred owls were removed from treatment areas. Preliminary results indicate that removals
have greatly increased the site-level extinction probability of barred owls and decreased the probability
of site use by barred owls across all experimental study areas. In 2019, we detected consistent or
increasing numbers of resident spotted owls in treatment areas relative to previous years, with
correspondingly sharp decreases in control areas without removals. Collectively, these initial results
provide an indicator that removal efforts may be positively influencing territory occupancy, apparent
survival, and population trend of spotted owls in the study areas. The numbers of spotted owls
remaining in our study areas have reached exceptionally low levels, and annual reproduction during our
study period was the lowest recorded over a 28-year period. Moreover, long-term pre-treatment
monitoring data show large inter-annual fluctuations in detections of pairs and individual spotted owls
in all the study areas. Final conclusions drawn from the experiment are pending final and forthcoming
analyses of the demographic response of spotted owls to barred owl removal.
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Appendix 1. Disposition of Barred Owl Specimens
Table 1.1. Disposition of barred owl specimens collected during removal experiments in Washington and Oregon,
2015–19.
Destination

Purpose

Field Museum (Chicago, Illinois)
University of California, Riverside (Riverside, California)
Oregon State University (Corvallis, Oregon)
Cornell University Museum of Vertebrates (Ithaca, New York)
University of Arizona (Tucson, Arizona)
University of California, Berkeley (Berkeley, California)
Western Foundation of Vertebrate Zoology (Camarillo, California)
Bell Museum at University of Minnesota (St Paul, Minnesota)
Burke Museum (Seattle, Washington)
Cleveland Museum of Natural History (Cleveland, Ohio)
Montezuma Audubon Center (Savannah, New York)
Academy of Natural Sciences of Drexel University (Philadelphia,
Pennsylvania)
California Academy of Sciences (San Francisco, California)
Moore Laboratory of Zoology at Occidental College (Los Angeles,
California)
Finger Lakes Community College (Canandaigua, New York)
Florida Museum of Natural History (Gainesville, Florida)
Natural History Museum of Los Angeles County (Los Angeles,
California)
University of Colorado Museum of Natural History (Boulder,
Colorado)
The Smithsonian Institution (Washington D.C.)
University of Wyoming Museum of Vertebrates (Laramie, Wyoming)
Peabody Museum of Natural History at Yale University (New Haven,
Connecticut)
State University of New York College at Cortland [SUNY Cortland]
(Cortland, New York)
Liberty Wildlife Non-Eagle Feather Repository (Phoenix, Arizona)
Museum of Comparative Zoology at Harvard University (Cambridge,
Massachusetts)
Kansas University Biodiversity Institute & Natural History Museum
(Lawrence, Kansas)
U.S. Geological Survey Forest and Rangeland Ecosystem Science
Center Snake River Field Station (Boise, Idaho)
Oregon Department of Forestry (Tillamook, Oregon)
High Desert Museum (Bend, Oregon)
Total barred owls provided
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Museum specimen
Museum specimen or research
Museum specimen or research
Museum specimen
Museum specimen or research
Museum specimen
Museum specimen
Museum specimen
Museum specimen
Museum specimen
Museum specimen
Museum specimen

Number of
owls
425
79
78
72
68
67
59
50
30
30
30
25

Museum specimen or
taxidermy
Museum specimen

24

Classroom education or
research
Museum specimen
Museum specimen

19

Museum specimen

19

Museum specimen
Museum specimen
Museum specimen

17
15
12

Classroom education

11

Native American repository
Museum specimen

10
9

20

19
19

Museum specimen

9

Scientific research

3

Taxidermy display
Live capture; educational bird

1
1
1,221

Appendix 2. Multi-Season Occupancy Models Used to Characterize Occupancy
Dynamics of Barred Owls
Table 2.1. Ranking and structure of multi-season occupancy models used to characterize the effects of removals
on barred owls in three study areas in Washington and Oregon, 2015–19.
[Model parameter structure and the estimated direction of treatment (removal) effects are shown for all competitive models
(ΔAICc ≤ 2.5) for each individual study area. Bold denotes beta coefficients with 95-percent confidence intervals that did not
overlap zero.

 , probability of occupancy in the year before removals began (initial occupancy); ε�, the probability that a
ψ
pre

previously used site was not used in the subsequent year (extinction); γ�, the probability that a previously unused site was
used in the subsequent year (colonization); 𝑝𝑝̂ , the probability of detection; trt, treatment; Time effects were modeled as
constant (.) or varying with survey period (survey), year, or a before-after indicator of when removals began on treatment
areas (trtBA). AICc = Akaike’s Information Criterion for small sample size, ΔAICc = difference between the AICc value of
each model and the lowest AICc model, K = the number of model parameters, and deviance was the difference in
−2[log(Likelihood)] of the current model and −2[log(Likelihood)] of the fully saturated model.]
Occupancy
model

Model parameter


ψ
pre

𝛆𝛆�

𝛄𝛄�

Model selection criteria
�
𝒑𝒑

ΔAICc

wi

K

Deviance

Cle Elum, Washington

1

.

trt (+)

trt (−) × yr

survey, trt (−)

0.00

0.30

15

165.5

2
3
4

.
.
.

trt (+)
trt (+)
trt (+)

.
yr
trt (−)

survey, trt (−)
survey, trt (−)
survey, trt (−)

0.47
0.96
2.21

0.24
0.18
0.10

8
11
9

180.3
174.7
180.0

yr, survey, trtBA (−)

0.00

0.63

24

1040.0

yr, survey, trtBA (−)
Klamath-UM, Oregon

1.41

0.31

25

1039.3

Coast Range, Oregon
1

.

trt (+)

.

2

.

trt (+)

trt (+)

1

.

trt (+), yr

.

yr × survey

0.00

0.40

19

−82.1

2
3

.
.

trt (+), yr
trt (+), yr

yr
trt (−)

yr × survey
yr × survey

0.50
2.04

0.31
0.14

21
20

−85.8
−82.2
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Appendix 3. Post-Removal Extinction and Colonization Rates of Barred Owls
Table 3.1. Estimated local extinction and colonization rates of barred owls following removal on treatment portions
of three study areas in Oregon and Washington, 2018–19.
Study area and treatment
level

Cle Elum, Washington
Control
Treatment
Coast Range, Oregon
Control
Treatment
Klamath-UM, Oregon
Control
Treatment
Cle Elum, Washington
Control
Treatment
Coast Range, Oregon
Control
Treatment
Klamath-UM, Oregon
Control
Treatment

Standard
error

Estimate 2018–19

Lower (LCL) and upper
(UCL) 95-percent
confidence limits
LCL
UCL

Local extinction (𝜀𝜀̅̂)
0.192
0.613

0.048
0.057

0.115
0.498

0.303
0.717

0.044
0.118

0.013
0.049

0.025
0.050

0.077
0.253

0.002
0.398
Local colonization (𝛾𝛾̅� )

0.017
0.109

0.000
0.213

0.036
0.618

0.166
0.089

0.069
0.047

0.070
0.031

0.347
0.233

0.382
0.424

0.084
0.118

0.235
0.222

0.554
0.655

0.175
0.173

0.070
0.069

0.076
0.075

0.353
0.351
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