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Effects of Experimental Removal of Barred Owls on 
Population Demography of Northern Spotted Owls in 
Washington and Oregon—2017 Progress Report 

By J. David Wiens1, Katie M. Dugger2, Damon B. Lesmeister3, Krista E. Dilione1, and David C. Simon1 

Abstract 
Populations of Northern Spotted Owls (Strix occidentalis caurina; hereinafter referred to as 

Spotted Owl) are declining throughout this subspecies’ geographic range. Evidence indicates that 
competition with invading populations of Barred Owls (S. varia) has contributed significantly to those 
declines. A pilot study in California showed that localized removal of Barred Owls coupled with 
conservation of suitable forest conditions can slow or even reverse population declines of Spotted Owls. 
It remains unknown, however, whether similar results can be obtained in areas with different forest 
conditions, greater densities of Barred Owls, and fewer remaining Spotted Owls. During 2015–17, we 
initiated a before-after-control-impact (BACI) experiment at three study areas in Oregon and 
Washington to determine if removal of Barred Owls can improve population trends of Spotted Owls. 
Each study area had at least 20 years of pre-treatment demographic data on Spotted Owls, and 
represented different forest conditions occupied by the two owl species in the Pacific Northwest. This 
report describes research accomplishments and preliminary results from the first 2.5 years (March 
2015–August 2017) of the planned 5-year experiment. 

Background and Study Objectives 
Over the past century, 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 northern Spotted Owl. Evidence indicates that competition with invading Barred Owls has 
contributed significantly to declines in populations of Spotted Owls (Wiens and others, 2014; Dugger 
and others, 2016). A pilot study in coastal California, for example, demonstrated that removal of Barred 
Owls in combination with conservation of suitable forest conditions can slow or even reverse population 
declines of Spotted Owls (Diller and others, 2016). It remains unknown, however, whether similar 
results can be obtained in areas with different forest conditions, greater densities of Barred Owls, and 
fewer remaining Spotted Owls. Ultimately, the long-term persistence of Spotted Owls may be in 
question without management intervention to reduce the threat of Barred Owls. 

                                                 

1 U.S. Geological Survey, Forest and Rangeland Ecosystem Science Center. 
2 U.S. Geological Survey, Oregon Cooperative Fish and Wildlife Research Unit, Oregon State 
University. 
3 U.S. Forest Service, Pacific Northwest Research Station. 
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In 2013, the U.S. Fish and Wildlife Service (USFWS) released a Final Environmental Impact 
Statement and Record of Decision for the experimental removal of Barred Owls to benefit Spotted Owls 
(U.S. Fish and Wildlife Service, 2013). After considering a range of approaches, the U.S. Fish and 
Wildlife Service (2013) identified four study areas with at least 20 years of pre-treatment demographic 
data on Spotted Owls to do removal experiments. The experiments would provide a definitive test of 
whether competitive interactions with Barred Owls cause population declines of Spotted Owls, and if 
so, whether localized removal of Barred Owls is an effective tool to consider in long-term management 
and conservation of Spotted Owls. 

In 2015, we started population surveys and experimental removal of Barred Owls in three study 
areas in Washington and Oregon (also see Wiens and others, 2017). Experimental removals began at a 
fourth study area in northwestern California in 2013 (Hoopa/Willow Creek), and preliminary results 
from that part of the study are summarized in Franklin and others (2016) and Higley (2017). The overall 
goal of the removal experiment was to test the research hypothesis that competitive interactions with 
Barred Owls causes declines in the annual rate of population change (λt) of Spotted Owls, or one of the 
demographic components governing change in λt (that is, survival, reproduction, or recruitment; also see 
Johnson and others, 2008). Specific study objectives are to: 

1. Determine the effect of experimental removal of Barred Owls on populations of Spotted Owls 
with respect to site-occupancy dynamics, reproduction, survival, recruitment, and annual rate of 
population change (λt); 

2. Estimate pre- and post-removal differences in occurrence of Barred Owls in control and 
treatment parts of each study area; and 

3. Characterize the amount of effort and cost required to maintain low numbers of Barred Owls and 
achieve positive effects on vital rates of territorial Spotted Owls. 
Based on previous studies of competitive interactions (Wiens and others, 2014; Diller et al. 

2016), we predicted that competitive release from Barred Owls in treatment areas would increase 
territory occupancy, reproduction, recruitment, and survival (or reduce emigration rates) of Spotted 
Owls relative to control areas where Barred Owls are not removed. 

In this report, we provide an overview of our research accomplishments and initial results from 
the first 2.5 years (March 2015–August 2017) of implementing removal experiments in Oregon and 
Washington. We focus on initial results of population monitoring in treatment and control areas, Barred 
Owl removal efforts, and the effects of initial removal efforts on populations of Barred Owls. We also 
provide an overview of several new studies associated with experimental removal and scientific 
collection of Barred Owls. Future reports will address specific study objectives listed above after data 
collection and demographic analyses are complete (see Work and Reporting Schedule below). 

Experimental Study Areas 
We started the study in three long-term demographic study areas for Spotted Owls in 

Washington and Oregon: Cle Elum, Oregon Coast Range, and Klamath-Union/Myrtle (Klamath-UM; 
fig. 1). The areas varied in climate, vegetation composition, and topography, but all were dominated by 
conifer or mixed conifer-hardwood forests (Dugger and others, 2016). These areas initially 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 range of different forest conditions used by Spotted Owls (U.S. Fish and Wildlife Service, 
2013). The study areas are composed of mostly Federal lands, but fieldwork also occurred on adjacent 
state and private lands with the written permission of the landowner. A mixture of public and private 
lands was included so that study results would not be limited to certain ownerships.  
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Study area and 
treatment 

Area  
(km2) 

Number of 
historical  

Spotted Owl 
territories 

Number of 
Barred Owl  
sites (5 km2 

hexagons) 

Cle Elum    
    Control 670 31 114 
    Treatment 604 45 102 

Coast Range 
  

 
    Control 1,015 58 178 

    Treatment 582 45 103 
Klamath-

Union/Myrtle 
  

 
    Control 698 78 122 
    Treatment 783 84 144 
 
 
 
 
 

Figure 1.  Control (no Barred Owls removed) and treatment (Barred Owls removed) portions of three study areas in 
Washington and Oregon used to determine the effects of experimental removal of Barred Owls on population 
demography of northern Spotted Owls. 

 

Methods 
Population Monitoring 

We used species-specific surveys of Spotted Owls and Barred Owls to track annual changes in 
populations on control and treatment areas (figs. 1 and 2). We surveyed Spotted Owls at historically 
occupied territories as part of a long-term demographic monitoring program (Lint and others, 1999; 
Dugger and others, 2016; Lesmeister, Horn, and others, 2018; Lesmeister, McCafferty, and others, 
2018; Lesmeister, Sovern, and Mikkelsen, 2018). We used standardized field protocols to determine 
territory occupancy and reproductive status of individually color-marked Spotted Owls (Franklin and 
others, 1996). Each year we surveyed Spotted Owls during the breeding season (March–August) to 
document territory occupancy, locate territorial owls, confirm bands of previously color-marked owls, 
band previously unmarked owls, and determine the number of young produced by territorial pairs (Lint 
and others, 1999). We used Theissen polygons to delineate individual nesting territories used by Spotted 
Owls, based on the cumulative area where a single resident Spotted Owl, or pair of Spotted Owls, was 
detected during annual surveys (Dugger and others, 2016). We used long-term (1990–2017) monitoring 
data on Spotted Owls to summarize observed (naïve) estimates of territory occupancy and reproduction 
(proportion of territorial pairs breeding, number of young fledged) in control and treatment areas.  
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Recent summaries of Spotted Owl population trends, territorial owls detected, breeding and mate status 
of detected owls, number of owls banded, reproduction, inter-territory movements, and general age 
distribution are described elsewhere (Lesmeister, Horn, and others, 2018; Lesmeister, McCafferty, and 
others, 2018; Lesmeister, Sovern, and Mikkelsen, 2018). 

We used methods described by Wiens and others (2011; 2014) to survey Barred Owls and track 
pre- and post-treatment changes in populations on control and treatment areas. Our sampling scheme for 
Barred Owls used a standard occupancy design (MacKenzie and others, 2002; 2006) in which a grid of 
500-hectare (ha) hexagons were overlaid on each study area (fig. 2) and surveyed repeatedly during 
three sampling periods each year: March 1–May 7; May 8–July 9; and July 10–September 10. These 
sampling periods were established to approximate mean 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, and Wildlife 
Technologies, Manchester, New Hampshire) to broadcast digitally recorded calls of Barred Owls at 
established call points, distributed to provide complete coverage of the focal survey hexagon. Observers 
recorded the number and sex of Barred Owls detected during each survey of a focal hexagon. A 
hexagon was considered used by at least 1 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). 

 
 

 
 
Figure 2.  Example of spatial overlap between sites surveyed annually for northern Spotted Owls (historical 
territories) and Barred Owls (500-hectare hexagons) in the Oregon Coast Range study area. 
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Barred Owl Removal and Scientific Collection 
We used well-established field protocols for experimental removal and scientific collection of 

Barred Owls (U.S. Fish and Wildlife Service, 2013; Diller and others, 2014, 2016). Barred Owls 
detected in treatment areas during population surveys were subsequently removed using 12-gauge 
shotguns with non-toxic bird shot (Diller and others, 2014). We anticipated frequent recolonization of 
Barred Owls into removal areas (Yackulic and others, 2014; Diller and others, 2014, 2016), so we did 
regular follow-up visits to detect Barred Owls at these sites and make additional removals as needed. 
Removal of Barred Owls by U.S. Geological Survey (USGS)-certified personnel was authorized under 
Federal and State permits. The Institutional Animal Care and Use Committee (IACUC) at Oregon State 
University approved all survey and removal methods used for Barred Owls in this study. 

Our protocol for removals prohibited collection of nesting Barred Owls with dependent young 
(U.S. Fish and Wildlife Service, 2013). Because of difficulties and additional costs in determining 
nesting status of Barred Owls, removals occurred primarily during the nonbreeding season 
(approximately September–March). As specified by U.S. Fish and Wildlife Service (2013), however, 
removal of non-nesting Barred Owls may be permitted during the breeding season in cases where 
observers have high confidence in determining nesting status of individuals detected. In 2017, we 
received approval from USFWS to do localized removals of Barred Owls during the breeding season at 
sites where we observed rapid (2–3 week) recolonization by Barred Owls following removals in early 
spring (March–April). We reasoned that colonists arriving at sites after the estimated mean hatching 
date of Barred Owls (~April 15th; Wiens and others, 2014) would not have the opportunity to nest and 
produce young between repeated field-visits. We focused our removal efforts during the breeding 
season at sites with detections of territorial pairs of Spotted Owls in the previous year. We did not 
conduct breeding season removals in Cle Elum because snow limited our ability to visit areas frequently 
enough to be confident that any new Barred Owls detected were not nesting. 

We determined sex of Barred Owls based on vocalizations and a standard set of morphometric 
measurements used for birds of prey (Wiens and others, 2014). All Barred Owls that were lethally 
removed and successfully collected were classified as either adults (≥3 years old) or subadults (1–2 
years old) based on molt and plumage characteristics observed under ultraviolet light (Weidensaul and 
others, 2011). All measurements were taken at the time of collection. In a preliminary assessment of 
removal effort, we calculated the mean number of minutes between the arrival time at a removal site and 
the collection time of an individual owl. We calculated removal times for sexes separately because 
Diller and others (2014) determined that males took more effort to remove than females. 

Estimating the Initial Effects of Removals on Barred Owls 
We used two measures to quantify and track the effects of experimental removals on populations 

of Barred Owls over time: (1) probability of use by territorial pairs (based detection/non-detection of 
pairs during breeding season surveys); and (2) intensity of use of survey sites (based on counts of 
individual Barred Owls detected during surveys). 

Probability of Use by Territorial Pairs 
We used multi-season dynamic occupancy models in program MARK (White and Burnham, 

1999) to evaluate how removals influenced probability of use by territorial pairs of Barred Owls. This 
approach permitted us to estimate the effects of removals on extinction (or mortality) and colonization  
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processes of Barred Owls in control and treatment sites. A sample site in our study was a 500-ha 
hexagon used to survey Barred Owls. For this analysis, we focused inferences on detections/non-
detections of ≥1 pair of Barred Owls. We did this because pairs have the potential to reproduce, and thus 
have greater effects on the local population of Spotted Owls (and recolonization of removal sites). 
Actual territory boundaries of Barred Owls may overlap more than 1 survey site in our study, so we 
interpreted the occupancy parameter (ψ) as the probability of ≥1 territorial pair of Barred Owls using a 
site during the breeding season (MacKenzie and others, 2002; 2006). We used detection histories from 
breeding season surveys to estimate: the pre-treatment probability of use by ≥1 pair of Barred Owls in 
the first year of the study (ψ1); the probability that a previously used site was not used in the subsequent 
year (local extinction, ε); the probability that a vacant site was used in the subsequent year (local 
colonization, γ); and the probability of detection (p). At sites where we did year-round removals in 2017 
(n = 39), we considered only surveys within a breeding season that occurred prior to removal of the last 
Barred Owl at a site to avoid biasing parameter estimates (Diller and others, 2016). 

Intensity of Use by Individuals 
We used N-mixture models (Royle, 2004) to estimate intensity of use of treatment and control 

areas by Barred Owls. This approach used spatially replicated counts of individuals detected during 
surveys, instead of detection/nondetection data on territorial pairs. The N-mixture model typically is 
used to estimate density (λ, the mean number of individuals per sample site), which assumes that (1) 
there is within-plot closure during the primary sampling period and (2) detection histories among 
sample sites are independent. Our study design minimized the likelihood of violating of these 
assumptions, but we could not rule out this possibility because sites were not centered on actual territory 
locations and individuals were not marked. Consequently, estimates of λ are likely to overestimate 
actual density of Barred Owls. Rather, we interpret λ as intensity of use (that is, the average number of 
individuals whose home ranges overlap with the focal survey site [Nichols and others, 2009; Barker and 
others, 2017]). We used program MARK to estimate λ and the associated detection parameter, r (Royle, 
2004). We did not simulate the effect of survey occasion on r because the N-mixture model assumes 
constant within-season detectability. Models including study area effects on r produced unstable 
estimates for some areas, so we assumed similar detection rates among study areas for this analysis.  

We used a two-stage approach to examine evidence for treatment (removal) and time (year) 
effects on occupancy parameters of Barred Owls. At each stage, we used information theoretic methods 
to rank and select the best model (Burnham and Anderson, 2002). First, we identified the best model for 
detection. At this stage, alternative models were considered with and without treatment and time effects, 
including a model with a year-specific variable (trtBA) that permitted estimates of detection to vary 
between control and treatment sites, but only after removals. Next, we retained the best-supported 
model of detection and continued to model occupancy parameters with and without treatment and time 
effects. In the dynamic analysis of probability of use (ψ), we considered 12 alternative models in which 
colonization and extinction parameters were constant between treatment and control sites and among 
years, varying with treatment but constant over years, or varying with treatment and years. Study areas 
were analyzed separately to accommodate differences in the number of years of data for each area. For 
N-mixture modeling, study areas were analyzed jointly and a set of 14 alternative models was ranked 
with and without the effects of study area, year, and treatment on estimates of λ and r. We evaluated the 
degree to which 95 percent confidence intervals of regression coefficients (β) overlapped zero to 
determine the strength of treatment effects. We calculated model-averaged estimates where appropriate. 
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Preliminary Results, March 2015–September 2017 
Population Monitoring 

Spotted Owls 
Field crews completed annual surveys of Spotted Owls at 341 historical territories located in 

control and treatment portions of three study areas in Washington and Oregon (table 1).4 The proportion 
of historical territories where we detected resident pairs of Spotted Owls ranged from 4 percent in Cle 
Elum to 15 percent in Klamath-UM (table 1). Few pairs successfully fledged young in 2017 (table 1). 
Observed estimates of territory occupancy and reproduction of Spotted Owls illustrated little response to 
the first 1–2 seasons of experimental removals of Barred Owls (table 1, fig. 3). 

Table 1.  Northern Spotted Owl survey effort, detections of resident pairs at historical nesting territories, and 
number of pairs that successfully reproduced (≥1 young fledged) on treatment (Barred Owls removed) compared 
with control (Barred Owls not removed) areas in three study areas in Washington and Oregon, 2015–17. 
 
[Parentheses show the proportion (percentage) of historical territories surveyed with detections of pairs and the proportion of 
pairs detected with successful reproduction. Shading indicates post-treatment estimates.] 
 

Study area  
and treatment 

Historical 
territories 
surveyed 

Historical territories with  
pairs of Spotted Owls detected   

Territorial pairs with  
successful reproduction 

2015 2016 2017   2015 2016 2017 
Cle Elum, Washington 

          Control 31 5 (0.16) 2 (0.06) 2 (0.06) 
 
2 (0.06) 0 (0.00) 2 (0.06) 

   Treatment 45 2 (0.04) 2 (0.04) 2 (0.04) 
 
1 (0.02) 2 (0.04) 1 (0.02) 

Coast Range, Oregon 
          Control 58 11 (0.19) 9 (0.16) 6 (0.10) 

 
3 (0.05) 0 (0.00) 1 (0.02) 

   Treatment 45 3 (0.07) 5 (0.11) 4 (0.09) 
 
0 (0.00) 1 (0.02) 2 (0.04) 

Klamath–UM, Oregon 
          Control 78 18 (0.23) 14 (0.18) 11 (0.14) 

 
8 (0.10) 1 (0.01) 3 (0.04) 

   Treatment 84 23 (0.27) 12 (0.14) 13 (0.15)   6 (0.07) 1 (0.01) 2 (0.02) 
  

                                                 

4 Data reported on site occupancy and reproduction of Spotted Owls are specific to the experimental 
(control/treatment) portions of each study area, so may vary from those reported in these areas by the 
Northern Spotted Owl Northwest Forest Plan Monitoring Program (see: 
www.fs.fed.us/r6/reo/monitoring/reports/). 

https://www.fs.fed.us/r6/reo/monitoring/reports/
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Figure 3.  Long-term trend in (A) the proportion of historical territories with detections of resident pairs of northern 
Spotted Owls and (B) the mean number of young fledged per territorial pair of Spotted Owls on treatment 
compared with control areas of three study areas in Washington and Oregon, 1990–2017. Dashed vertical lines 
indicate the year in which experimental removal of Barred Owls was implemented in treatment areas. 

 

Barred Owls 
We completed annual surveys of Barred Owls at 762 survey sites (500-ha hexagons) in control 

and treatment (removal) areas in Washington and Oregon (table 2). Surveys and removals of Barred 
Owls were started in the Cle Elum and Oregon Coast Range study areas in 2015, but not until 2016 in 
Klamath-UM because of delays in securing access agreements with private landowners. During 2015–
17, the proportion of sites surveyed with detections of territorial pairs of Barred Owls declined by 22 
percent and 44 percent in the Oregon Coast Range and Cle Elum treatment areas, respectively. We also 
observed before-after/control-treatment differences in the total number of individuals detected (sum of 
maximum counts per site) and mean number of Barred Owls detected per survey (table 2). In contrast, 
the proportion of sites with pairs of Barred Owls, and the mean number of individual Barred Owls 
detected, remained relatively constant (or increasing) in control areas. In Klamath-UM, the proportion 
of sites with pairs of Barred Owls detected declined by 4 percent in treatment areas after one season of 
removals, but increased by 18 percent in the control area. We detected 2.6–3.3 times as many Barred 
Owls in the Oregon Coast Range as compared to the Klamath-UM and Cle Elum study areas. 
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Table 2.  Barred Owl survey effort, detections of territorial pairs, and total individuals detected during annual 
surveys completed on treatment and control areas in three study areas in Washington and Oregon, 2015–17.  
 
[Total number of individuals detected was the annual sum of maximum counts per 500-ha survey plot. Parentheses show the 
proportion (percentage) of Barred Owls detected or mean number of individuals per site. Shading indicates post-treatment 
estimates. ha, hectare] 

 

Study area and 
treatment 

Sites  
(500-ha 

hexagons) 
surveyed 

Sites with ≥1 pairs of  
Barred Owls detected 

   

Total number of individual 
Barred Owls detected  

 
2015 2016 2017   2015 2016 2017 

Cle Elum, Washington 
          Control 114 61 (0.54) 49 (0.43) 51 (0.45)  182 (1.6) 182 (1.6) 176 (1.5) 

   Treatment 102 66 (0.65) 31 (0.30) 21 (0.21)  226 (2.2) 135 (1.3) 95 (0.9) 

Coast Range, Oregon        
   Control 178 120 (0.67) 135 (0.76) 147 (0.83)  456 (2.6) 563 (3.1) 575 (3.2) 
   Treatment 103 80 (0.78) 69 (0.67) 58 (0.56)  334 (3.2) 303 (2.9) 237 (2.3) 

Klamath-UM, Oregon        
   Control 122  48 (0.39) 66 (0.54)   149 (1.2) 221 (1.8) 
   Treatment 143  67 (0.47) 63 (0.44)   234 (1.6) 218 (1.5) 

 

Barred Owl Removals 
From September 21, 2015, to August 1, 2017, we removed 883 Barred Owls from treatment 

areas, including 382 females, 449 males, and 52 owls of undetermined sex (table 3). We removed a 
minimum of 194 territorial pairs of Barred Owls, but this did not include cases where we removed a 
male and female from the same location on separate field visits. We used lethal removal methods for all 
Barred Owls, except for one adult male captured in the Oregon Coast Range, which was placed at a 
raptor display in the High Desert Museum in Bend, Oregon. The mean total number of individual 
Barred Owls removed per site (500-ha hexagon) during the study was 2.0 (SD = 2.2) in Cle Elum (range 
= 0–9 owls), 4.8 (SD = 4.2) in the Oregon Coast Range (range = 0–25 owls), and 1.3 (SD = 1.9) in 
Klamath-UM (range = 0–11 owls). We removed 50 non-nesting Barred Owls during the 2017 breeding 
season at a subset of 39 treatment sites (28 sites in Coast Range, 11 sites in Klamath-UM). 
  



10 

Table 3.  Number of individual Barred Owls removed from established treatment areas in Washington and Oregon, 
September 2015–September 2017.  
 
[Removals were started in Klamath-UM in 2016, and no breeding season removals were done in Cle Elum in 2017. 
Localized removals were done in the two Oregon areas during the 2017 breeding season at a subset of sites with evidence 
that newly colonizing Barred Owls did not have dependent young. F, female; M, male; Unk, unknown] 
 

Study area 

2015–16 
(Nonbreeding;  

September–April) 
 

2016–17 
(Nonbreeding;  

September–April) 
 

2017 
(Breeding;  

May–August) 
 

Study 
total F M Unk F M Unk F M 

Cle Elum, 
Washington 

55 65 5  30 50 4     209 

Coast Range, 
Oregon 

103 122 20  93 105 13  14 20  490 

Klamath-UM, 
Oregon 

    80 78 10  7 9  184 

Totals 158 187 25  203 233 27  21 29  883 

 
Field crews fired 906 shots from 12-gauge shotguns to lethally remove Barred Owls from 

treatment areas (first-shot success rate = 97.4 percent). There were 24 (2.7 percent) cases where the first 
shot was apparently not lethal so a second shot was immediately taken. Thirty-two (3.6 percent) of 
Barred Owls required euthanasia to ensure rapid death following a single, apparently non-lethal shot. 
We administered euthanasia immediately following a non-lethal shot using an IACUC-approved 
Ballista penetrating bolt device (Bunny Rancher, Frankfort, Maine). We successfully recovered 872 
carcasses of Barred Owls, but were not able to recover 10 carcasses that stuck high in a tree. At least 
one Spotted Owl was detected on 63 (4.0 percent) of 1,569 field visits to remove Barred Owls. In cases 
where both species were detected, removals were done only if the Spotted Owl was vocalizing greater 
than 150 m in the opposite direction of the removal location, or if a second observer was present to 
assist with removals. We had no known cases where a non-target species was mistakenly killed or 
injured. 

On average, field crews successful removed 0.56 Barred Owls per field visit (range = 0–5 owls; 
n = 1,569 field visits). The mean time from arrival at a site to successfully collecting an individual 
Barred Owl was 42.5 (SE = 1.8) and 39.9 (SE = 1.7) minutes for females and males, respectively. In 
comparison, Diller and others (2014) reported that collection times were significantly greater for males 
because males tended to reduce calling or aggression if their mate was collected first. Based on this 
finding, our strategy was to collect the male first when a pair was found, which we believe reduced the 
amount of time required to collect males in our study. Most (81 percent) Barred Owls were collected 
within 60 minutes after arriving at a site to do removals (fig. 4). 
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Figure 4.  Distribution of removal times (cumulative time between arrival at a site and successful collection of a 
Barred Owl) for 382 female and 449 male Barred Owls lethally removed from treatment areas in Washington and 
Oregon, 2015–17. 

Age of Recolonizing Barred Owls 
We classified 348 (39 percent) Barred Owls collected during removals as subadults (owls less 

than 3 years old). We observed a marked increase over time in the proportion of subadult Barred Owls 
collected, with a concurrent decrease in numbers of adults (fig. 5). This pattern would be expected if 
younger, first- and second-year owls were available from surrounding landscapes to quickly fill territory 
vacancies created by removing established territorial birds from treated areas. This finding demonstrated 
that establishment of breeding territories by subadults increases as numbers of territorial adults are 
reduced, which supports the hypothesis that age at first breeding can be an indicator of localized 
increases in mortality of territorial adults (Ferrer and others 2003, Penteriani and others 2011). 
 

 
Figure 5.  Change in the proportion of Barred Owls collected during experimental removals that were either adults 
(greater than or equal to 3 years-old) or subadults (1–2 years old) at three study areas in Washington and Oregon, 
September 2015–August 2017. Removals were started at Klamath-UM during the 2016–17 non-breeding season 
(NB); breeding season removals (BR) were not completed in Cle Elum in 2017. 
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Initial Effects of Removals on Barred Owls 

Probability of Use by Territorial Pairs 
According to the best models (ΔAICc ≤2.0), there was little evidence for pre-treatment 

differences in the probability of use by territorial pairs between treatment and control areas (fig. 6A, 
appendix 1). After removals, model averaged estimates of the probability of use by territorial pairs 
decreased in treatment areas, but remained relatively constant (or increasing) in control areas. 
Differences in use between treated and untreated areas became more pronounced after two seasons of 
removals (fig. 6A)—a pattern similar to that observed in the Diller and others (2016) study. In Cle 
Elum, estimates of the probability of use in treatment sites declined by 52 percent between 2015 and 
2017, and were 22 percent lower relative to control sites after two seasons of removals. During this 
time, a 16 percent decrease in the probability of use was observed in the Cle Elum control area. In the 
Oregon Coast Range, the probability of use in treatment sites declined by 24 percent between 2015 and 
2017, and was 25 percent lower relative to control sites after two seasons of removals. In Klamath-UM, 
we observed little change in the probability of use in treatment areas after one season of removals, but 
observed a concurrent 19 percent increase on control areas (fig. 6A). Estimated detection probabilities 
for pairs of Barred Owls (�̂�𝑝) ranged from 0.25 (SE = 0.06) in Cle Elum to 0.74 (SE = 0.03) in the 
Oregon Coast Range. Detection was similar between treated and untreated areas prior to removals, but 
declined by 15–25 percent in the Cle Elum and Oregon Coast Range treatment areas (but not Klamath–
UM) after removals (appendix 1). 

Local extinction rates were considerably greater in treated areas relative to untreated areas (table 
4). Candidate models that included a treatment effect on extinction probability consistently 
outperformed models without treatment effects, and 95 percent confidence intervals of beta coefficients 
from top models did not overlap zero for Cle Elum (�̂�𝛽trt = 1.44, 95% CI = 0.67 to 2.20) and the Oregon 
Coast Range (�̂�𝛽trt = 2.21, 95% CI = 0.76 to 3.66). Top-models for Klamath-UM that included treatment 
effects on local extinction indicated positive, albeit imprecise, effects of removals after one season (�̂�𝛽trt 
= 3.11, 95% CI = –20.50 to 26.71; appendix 1). After removals, the probabilities of a site being 
recolonized by a territorial pair of Barred Owls were substantially greater in the Oregon study areas 
(0.38–0.39) relative to Cle Elum, Washington (0.11; table 4). Our initial data and results indicated that 
experimental removals had substantially stronger impacts on local extinction rates of Barred Owls 
relative to colonization (appendix 1).  
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Table 4.  Model averaged estimates, with standard errors and lower and upper 95-percent confidence intervals, of 
local extinction and colonization probabilities of territorial pairs of Barred Owls on treatment (Barred Owls removed) 
and control (no Barred Owls removed) areas in Washington and Oregon, 2015–17. 
 
[Parameter: 𝛆𝛆��, local extinction; 𝛄𝛄,��  probability of territorial pair SE: standard errors. LCI: lower confidence interval. UCI: 
upper confidence interval] 
 

Parameter 
Study area and 

treatment 
2015–16  2016–17 

Estimate SE LCI UCI 
 

Estimate SE LCI UCI 
Extinction (𝛆𝛆��) Cle Elum, Washington 

            Control 0.194 0.045 0.120 0.298 
 
0.194 0.045 0.120 0.298 

    Treatment 0.515 0.076 0.369 0.659 
 
0.515 0.076 0.369 0.659 

 Coast Range, Oregon 
            Control 0.009 0.010 0.001 0.029 

 
0.043 0.030 0.010 0.157 

    Treatment 0.085 0.067 0.017 0.335 
 
0.281 0.072 0.163 0.439 

 Klamath-UM, Oregon 
            Control 

     
0.070 0.107 0.003 0.650 

    Treatment 
     

0.159 0.110 0.036 0.487 

Colonization (𝛄𝛄��) Cle Elum, Washington 
            Control 0.086 0.064 0.019 0.316 

 
0.092 0.048 0.032 0.238 

    Treatment 0.113 0.086 0.023 0.408 
 
0.114 0.055 0.042 0.274 

 Coast Range, Oregon 
            Control 0.323 0.232 0.056 0.793 

 
0.389 0.155 0.151 0.695 

    Treatment 0.303 0.258 0.038 0.827 
 
0.375 0.160 0.136 0.695 

 Klamath-UM, Oregon 
            Control 

     
0.558 0.133 0.305 0.784 

    Treatment 
     

0.388 0.135 0.172 0.660 

 

Intensity of Use 
Modeling results provided evidence for before-after/control-treatment differences in intensity of 

use by Barred Owls (λ) in the Cle Elum and the Oregon Coast Range areas after two seasons of 
removals (fig. 6B; appendix 2). Post-treatment differences in Klamath-UM were less pronounced after 
one season of removals. Model-averaged estimates of intensity of use in treatment areas prior to 
removals ranged from 3.4 (95% CI = 2.6 – 4.1) Barred Owls per 500-ha in Klamath-UM to 8.0 (95% CI 
= 6.7 – 9.3) Barred Owls in the Oregon Coast Range (fig. 6B). After removals, intensity of use 
decreased in treatment areas, but the timing of decrease relative to when removals were started varied 
among study areas. We observed a steady decline over time in intensity of use by individual Barred 
Owls in the Cle Elum study area (figs. 6A and B). The best-supported N-mixture model of detection 
probabilities of individuals (�̂�𝑟) indicated that: (1) in treated sites, detection declined from 0.32 (95% CI 
= 0.30 – 0.34) prior to removals to 0.24 (95% CI = 0.21 – 0.26) after removals; and (2) in control sites, 
detection remained relatively constant over time at 0.33 (95% CI = 0.32 to 0.34). 
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Figure 6.  Model averaged pre- and post-treatment estimates (± 95 percent unconditional confidence intervals) of 
(A) the probability of use by at least 1 territorial pair of Barred Owls (ψ� ); and (B) intensity of use by individual 
Barred Owls (�̂�𝜆, the mean number of individuals using each 500-ha survey plot) in treatment (Barred Owls 
removed) and control (no Barred Owls removed) areas in Washington and Oregon, 2015–17. 
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Associated Research Activities and Accomplishments 
Specimen Deposition 

Carcasses of Barred Owls are collected and stored locally until they are distributed as scientific 
specimens to various permitted museums and universities for future research opportunities. As of 
September 2018, we have provided 406 Barred Owl specimens to 11 research and educational facilities. 

 

Destination Purpose Total Barred Owls 
The Field Museum - Chicago, Illinois Museum specimen 217 
UC Berkeley - Berkeley, California Museum specimen 60 
Burke Museum - Seattle, Washington Museum specimen 30 
California Academy of Sciences - San Francisco, California Museum specimen 20 
Fingerlakes Community College - Canandaigua, New York Classroom education 19 
The Smithsonian Institution - Washington D.C. Museum specimen 17 
University of Wyoming Museum of Vertebrates, Wyoming Museum specimen 15 
Oregon State University - Corvallis, Oregon Classroom education 14 
Liberty Wildlife Non-Eagle Feather Repository, Arizona Native American Repository 10 
USGS – FRESC Snake River FS - Boise, Idaho Stable isotope analysis; decoy 3 
Oregon Department of Forestry - Tillamook, Oregon Taxidermy display 1 
High Desert Museum - Bend, Oregon Live capture – educational display 1 
Total Barred Owls provided   407 

Characterizing the Broader Ecological Impacts of Barred Owls 
Rapid increases in the distribution and abundance of an apex predator like the Barred Owl can 

have cascading effects on native prey species or other competing native predators (Holm and others, 
2016). The Barred Owl removal experiment provides a unique opportunity to determine the influence of 
Barred Owls on other sensitive species, and to test hypotheses broadly relevant to community ecology 
and the role of top-down predation on structuring biodiversity and ecosystem processes. This study will 
investigate diets of Barred Owls, foraging ecology, and the broader ecological impact Barred Owls at 
high densities may be having on the food web of west-coast forests. A Ph.D. candidate at the 
Department of Fisheries and Wildlife at Oregon State University is currently examining the potential 
broader ecological impacts of Barred Owls as part of his dissertation research. One component of this 
research will use stomach contents of Barred Owls collected in the removal experiment to determine 
diets and identify native prey species that may be negatively affected by high predation rates from 
Barred Owls. Another component will implement mark-recapture studies of small mammals in 
experimental study areas to determine how the distribution and abundance of small mammals may be 
affected by Barred Owls. 

Barred Owls and Rodenticide Exposure in Non-Target Forest Wildlife 
The negative effects of anticoagulant rodenticides (ARs) on non-target wildlife have been 

identified as a potentially serious threat to Spotted Owls and associated forest wildlife (Gabriel and 
others, 2018). Barred Owls have been shown to provide a useful surrogate for detecting exposure rates 
of ARs in Spotted Owls and other sensitive native species. In this study, liver samples from Barred 
Owls specimens will be analyzed and screened for several different types of ARs. This information will 
be used to characterize and map the frequency and spatial extent of potential AR contamination and 
exposure rates in the Oregon and Washington study areas. 
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Simulation Studies of Barred Owl Removal Strategies 
Our survey data and findings on regional variation in occurrence of Barred Owls have helped 

inform a baseline, two-species population simulation model of competitive interactions between 
Northern Spotted Owls and Barred Owls (Perlman, 2017). This initial simulation study explored options 
for Barred Owl removal and management strategies in different parts of the Pacific Northwest. The 
newly developed simulation model built upon a spatially explicit, individual-based model for northern 
Spotted Owls (U.S. Fish and Wildlife Service, 2013). With further development and testing, the 
simulation model can be used to examine the cost and potential benefits of alternative management 
strategies for Barred Owls and Spotted Owls at multiple spatial scales. 

Summary 
• From 2015 to 2017, pre- and post-treatment occupancy surveys and experimental removal of 

Barred Owls were completed at three experimental study areas: Cle Elum, Washington (CLE), 
Oregon Coast Range (COA), and Klamath-Union-Myrtle, Oregon (KLA-UM). Removals of 
Barred Owls were completed in CLE and COA during September 2015–August 2017, and in 
KLA-UM during September 2016–August 2017. Removals primarily were done during the non-
breeding season (September–April), but localized removals of non-nesting Barred Owls were 
completed in Oregon during the breeding season (April–August) in 2017. 

• Long-term demographic monitoring of Spotted Owls was continued at 341 territories historically 
occupied by Spotted Owls in established treatment (Barred Owls removed) and control (no 
Barred Owls removed) areas in the three experimental study areas. 

• In 2017, surveys of Barred Owls at 762 survey sites (500-ha hexagons) detected an average of 
1.4 (SD = 1.4) and 0.8 (SD = 0.9) pairs of Barred Owls per site in control and treatment areas, 
respectively. On average, we detected up to 3.3 times as many Barred Owls in COA as 
compared to the KLA-UM and CLE. 

• In 2017, surveys of Spotted Owls detected territorial pairs at a total of 19 (11 percent) of 167 
historical territories in control areas, and 20 (11 percent) of 174 historical territories in treated 
areas. Six (31 percent) of 19 pairs of Spotted Owls successfully fledged at least one young in 
control areas, whereas 5 (25 percent) of 20 pairs produced at least one young in treatment areas. 

• We removed a total of 883 Barred Owls from treatment areas during 2015–17 (209 in CLE, 490 
in COA, and 184 in KLA-UM). 

• We observed a transition in age-class of Barred Owls collected from treatment areas during 
2015–17, with a substantial increase in the proportion of subadults collected after established 
resident adults (birds greater than or equal to 3 years old) were removed. This finding 
demonstrated that younger, first- and second-year owls were available from surrounding 
landscapes to quickly fill territory vacancies created by experimental removals. 

• In CLE, we estimated that the probability of use by territorial pairs of Barred Owls in treated 
sites declined by 52 percent between 2015 and 2017, and use was 22 percent lower in treated 
sites relative to untreated sites. In COA, the probability of use in treated sites declined by 24 
percent between 2015 and 2017, and use was 25 percent lower relative to untreated sites. In 
KLA-UM, the probability of use in treated sites increased by 6 percent after 1 year of removals, 
and use was 9 percent lower relative to untreated sites. The probability of use by Barred Owls on 
control areas at KLA-UM increased by about 19 percent between 2016 and 2017. 
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• Local extinction (that is, the probability that a site used by a pair of Barred Owls the year prior to 
removals was not used in the year after removals) were 38 and 15 percent greater in treated areas 
relative to untreated areas following two seasons of removals in CLE and COA, respectively. 
Top-models for KLA-UM indicated equivocal effects of removals on local extinction after one 
season of removals.  

• After removals, annual probabilities of a site being recolonized by a territorial pair of Barred 
Owls were substantially greater in COA and KLA-UM (0.38–0.39) relative to CLE (0.11). Our 
initial data and results indicated that removals had stronger effects on local extinction rates 
relative to colonization. 

• Pre-treatment estimates of intensity of use (mean number of individual Barred Owls using a 500-
ha survey site) in treatment areas ranged from 3.4 (95% CI = 2.6–4.1) in KLA-UM to 8.0 (95% 
CI = 6.7 – 9.3) in COA. After removals, intensity of use by individuals decreased in treatment 
areas, but the timing of decrease relative to when removals were initiated varied among study 
areas (fastest rate of decline observed in CLE).  

• Estimates of use by territorial pairs of Barred Owls, and intensity of use by individuals, indicated 
increases in numbers of Barred Owls during the study period in untreated (control) areas, but 
only in Oregon. In contrast, we observed a decline in measures of use and intensity of use by 
Barred Owls in Washington. 

• Initial experimental removals of Barred Owls had little measurable effect on occupancy and 
reproduction of Spotted Owls after the first 1–2 years of implementation. Long-term 
observations of territory occupancy and reproduction of Spotted Owls illustrated historically low 
levels in 2017 in all study areas.  

• Additional years of study are required to determine the effects of experimental removals of 
Barred Owls on population trends of Spotted Owls. A detailed BACI analysis of the effects of 
Barred Owl removals on Spotted Owl site-occupancy dynamics and vital rates (recruitment, 
survival, rate of population change) is scheduled for January 2019 (see Work and Reporting 
Schedule below).  
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Work and Reporting Schedule 
[BR: Breeding season (April–August); NB: Non-breeding season (September–March)] 
 

Data collection by 
study area 

BR 
2015 

NB 
2015–

16 

BR 
2016 

NB 
2016– 

17 

BR 
2017 

NB 
2017–

18 

BR 
2018 

NB 
2018–

19 

BR 
2019 

NB 
2019–

20 

BR 
2020 

NB 
2020–

21 
Cle Elum, 

Washington 
                       

  Pre-removal 
surveys 

                       

  Removal of 
Barred Owls 

                       

  Post-removal 
surveys 

                       

Coast Range, 
Oregon 

                       

  Pre-removal 
surveys 

                       

  Removal of 
Barred Owls 

                       

  Post-removal 
surveys 

                       

Klamath-UM, 
Orgon 

                       

  Pre-removal 
surveys 

                       

  Removal of 
Barred Owls 

                       

  Post-removal 
surveys 

                       

Analysis and 
reporting 

            

Analysis of 
demographic 
response of 
Spotted Owls to 
removals 

      

Hoopa– 
NWC 

      
All  
study 
areas 

  
All  
study 
areas 

  
All  
study 
areas 

USGS progress 
reports published 

                       

Conference 
presentations 

                       

Progress updates to 
project partners/ 
collaborators 
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Appendix 1. Ranking of Multi-Season Occupancy Models Used to Characterize 
Variation in the Probabilities of Use, Extinction, Colonization, and Detection of 
Territorial Pairs of Barred Owls on Three Experimental Study Areas in 
Washington and Oregon, 2015–17. 

We show model parameter structure and the estimated direction of treatment effects for 
competitive models (≤2 AICc) for each study area. Model parameters defined as: ψ�1 = probability of use 
in the first year of study (initial occupancy), ε� = the probability that a previously used site was not used 
in the subsequent year (extinction), γ� = the probability that a previously vacant site was colonized in the 
subsequent year (colonization) and �̂�𝑝 = the probability of detection. Models with treatment (trt) effects 
allow parameter estimates to vary between treatment (removal) and control areas. Time effects on 
detection modeled as constant (.), varying between treatment and control areas in years following 
removals (trtBA), varying with survey period (survey), or year. 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 is defined as the difference in 
−2[loge(Likelihood)] of the current model and −2[loge(Likelihood)] of the saturated model. 

 
Study area Model 𝛙𝛙� 1 𝛆𝛆� 𝛄𝛄�  𝒑𝒑� ΔAICc wi K Deviance 

Cle Elum, 
Washington 1 trt (+) trt (+) . yr, survey, trtBA (−) 0.0 0.46 11 1351.43 

 
2 trt (+) trt (+) trt (+) yr, survey, trtBA (−) 1.4 0.23 12 1350.72 

 
3 trt (+) trt (+) yr yr, survey, trtBA (−) 2.0 0.17 12 1351.36 

Coast Range, 
Oregon 1 . yr, trt (+) . yr, survey, trtBA (−) 0.0 0.48 11 2267.89 

 
2 . yr, trt (+) yr yr, survey, trtBA (−) 1.8 0.19 12 2276.64 

 
3 . yr, trt (+) trt (−) yr, survey, trtBA (−) 2.0 0.17 12 2276.86 

Klamath-UM, 
Washington 1 . . . survey 0.0 0.25 6 1335.79 

 
2 . . trt (+) survey 0.6 0.18 7 1334.32 

 
3 . trt (+) trt (+) survey 1.2 0.13 8 1332.91 

 
4 . trt (+) trt (+) yr, survey 1.5 0.12 9 1331.12 

 
5 trt (−) trt (−) trt (+) survey 1.5 0.12 9 1331.13 

  6 trt (−) trt (−) trt (+) yr, survey 1.8 0.1 10 1329.31 
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Appendix 2. Ranking of Single-Season N-mixture Models Used to Characterize 
Variation in Intensity of Use, and Detection of Individual Barred Owls on Three 
Experimental Study Areas in Washington and Oregon, 2015–17 

Model parameters defined as: λ = intensity of use (the average number of individual Barred 
Owls with home ranges overlapping with the focal survey plot; Nichols and others, 2009), and ri, = 
unconditional probability of detecting an individual Barred Owl at sampling unit i during the breeding 
season (Royle, 2004). Covariate effects allow estimates to vary by treatment level (control compared 
with treatment; trt) or by experimental study area (area). Time effects modeled as constant (.), varying 
with survey period (survey), or year. 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 is defined as the difference in −2[loge(Likelihood)] of the current 
model and −2[loge(Likelihood)] of the saturated model. 

 

Model AICc ΔAICc wi K Deviance 

λ(area*yr*trt) r(trtBA) 13313.6 0.0 0.3 19 13275.3 

λ(area*yr*trt) r(trt) 13314.2 0.6 0.2 18 13277.9 

λ(area*yr*trt) r(yr*trt)) 13315.4 1.7 0.1 22 13270.9 

λ(area*yr*trt) r(yr+trtBA) 13315.5 1.9 0.1 20 13275.1 

λ(area*yr*trt) r(yr+trt) 13315.6 1.9 0.1 20 13275.1 

λ(area*yr*trt) r(.) 13316.5 2.9 0.1 17 13282.2 

λ(area*yr*trt) r(yr) 13316.6 3.0 0.1 19 13278.2 

λ(area*yr*trtBA) r(trtBA) 13334.4 20.8 0.0 16 13302.1 

λ(area*yr) r(trtBA) 13342.9 29.2 0.0 11 13320.8 

λ(area+yr+trt) r(trtBA) 13395.7 82.1 0.0 11 13373.6 

λ(area+yr) r(trtBA) 13414.4 100.8 0.0 9 13396.3 

λ(area+trt) r(trtBA) 13428.4 114.8 0.0 7 13414.4 

λ(area) r(trtBA) 13446.5 132.8 0.0 6 13434.4 

λ(trt) r(trtBA) 14039.5 725.9 0.0 5 14029.5 

λ(.)r(trtBA) 14040.6 726.9 0.0 4 14032.6 
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