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ABSTRACT.—Spatially explicit models depicting species occupancy offer a useful conservation tool for land
managers. Using occurrence data collected in 2009 and 2010 from the Boise National Forest, Idaho, we
developed distribution models for Flammulated Owls (Psiloscops flammeolus) and Northern Saw-whet Owls
(Aegolius acadicus) to explore associations between habitat factors and owl occupancy. We then spatially
applied these models in a Geographic Information System. We considered land cover and topographic
variables at three spatial scales: 0.4-km, 1-km, or 3-km-radius plots centered on point-count locations (n =
150) with resolution of land covers at 30 m. Flammulated Owls occupied 27 (18%) point-count locations
and occurred in areas with a higher proportion of Douglas-fir (Pseudotsuga menziesii) at the 0.4-km scale, less
diverse land cover composition at the 1-km scale, and in south-facing aspects at the 3-km scale. Northern
Saw-whet Owls occupied 45 (30%) point-count locations and were associated with relatively flat terrain at
the 0.4-km scale that had larger proportions of non-forest land cover. At the 1-km and 3-km scales,
Northern Saw-whet Owls occurred in areas with south-facing aspects having a higher proportion of pon-
derosa pine (Pinus ponderosa), respectively. Biologists and land managers interested in the conservation of
Flammulated Owls and Northern Saw-whet Owls can use our approach to delineate habitats important for
these owls or to help identify locations suitable for restoration.

KEYy Worps:  Flammulated Owl; Psiloscops flammeolus; Northern Saw-whet Owl; Aegolius acadicus; Idaho;
occupancy; spatially explicit model.

FACTORES ASOCIADOS CON LA OCUPACION DE PSILOSCOPS FLAMMEOLUSY AEGOLIUS ACADICUS
EN EL SUR DE IDAHO

RESUMEN.—Los modelos espacialmente explicitos utilizados para describir la ocupacion representan una
herramienta tutil de conservacion para los encargados del manejo territorial. Desarrollamos modelos de
distribucion para Psiloscops flammeolusy Aegolius acadicus utilizando datos de ocurrencia registrados en 2009
y 2010 en el Parque Nacional Boise, Idaho, para explorar asociaciones entre las caracteristicas del habitat y
la ocupacion de las lechuzas. Luego aplicamos espacialmente estos modelos en un Sistema de Informacion
Geogrifica. Consideramos la cobertura del suelo y las variables topograficas a tres escalas espaciales:
parcelas de radio de 0.4 km, 1 km o 3 km centradas en sitios de puntos de conteo (n = 150) con resolucion
de cobertura del suelo de 30 m. P. flammeolus ocup6 27 (18%) puntos de conteo y estuvo presente en areas
con una mayor proporcion de Pseudotsuga menziesii a la escala de 0.4 km. A. acadicus ocup6 45 (30%) puntos
de conteo y estuvo asociada a un terreno relativamente plano a la escala de 0.4 km con una mayor
proporcion de cobertura del suelo no boscosa. A las escalas de 1y 3 km, A. acadicus estuvo presente en
areas con laderas de exposicion sur con una mayor proporcion de Pinus ponderosa. Los bidlogos y encarga-
dos del manejo territorial interesados en la conservacion de P. flammeolus y A. acadicus pueden utilizar
nuestro enfoque para determinar habitats importantes para estas lechuzas o para ayudar a identificar areas
apropiadas para ser restauradas.
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Relatively little is known about the distribution,
abundance, and population trends of many forest-
dwelling owl species, partially because of their noc-
turnal habits, secretive behavior, and, in some cases,
rarity (Johnson et al. 1981). In the forests of south-
ern Idaho, silviculture practices, livestock grazing,
fire suppression, recreation, and other human activ-
ities may negatively affect owl populations (Wisdom
et al. 2000). Cavity-nesting owls may be particularly
vulnerable to habitat perturbations because they re-
ly on breeding cavities often associated with mature
forest stands (McCallum 1994, Imbeau et al. 2001,
Saab et al. 2007, Rasmussen et al. 2008). Effective
management for cavity-nesting owls therefore neces-
sitates understanding their resource requirements
and patterns of occupancy across the landscape.

Landscape-scale habitat features often help drive
ecological processes (Turner et al. 2001). Spatially
explicit modeling of these relationships is useful for
identifying habitat associations (Groce and Morri-
son 2010), highlighting suitable but unoccupied
habitat (Russell et al. 2007), and predicting effects
of habitat manipulations or restoration (Doherty et
al. 2008, Grossman et al. 2008). Moreover, the scale
at which species respond to factors in their environ-
ment may differ (Turner et al. 2001, Cushman and
McGarigal 2002). Hence, knowledge of the scale at
which habitat use occurs is valuable for species man-
agement (Doherty et al. 2008).

Our goals were to explore land cover and topo-
graphic factors associated with occupancy of Boreal
Owls (Aegolius funereus), Flammulated Owls (Psilos-
cops flammeolus), and Northern Saw-whet Owls (here-
after saw-whet owl; A. acadicus) and use these to de-
velop spatial predictions of their distributions within
the Boise National Forest (BNF), Idaho. Understand-
ing patterns of occupancy is important for conserva-
tion and management of owls, as Boreal Owls and
Flammulated Owls are listed as species of special con-
cern in Idaho, and no systematic surveys for saw-whet
owls have been conducted in the BNF. These owl
species generally occupy mature forests typified by
the open physiognomy of ponderosa pine (Pinus pon-
derosa) and Douglas-fir (Pseudotsuga menziesii) at low-
er elevations (<1500 m), and mixed conifer forest at
higher elevations (Hayward and Garton 1988, McCal-
lum 1994, Rasmussen et al. 2008). Specifically, we
aimed to: (1) document cavity-nesting owl distribu-
tions based on nocturnal broadcast surveys, (2) de-
velop models of probability of occurrence for cavity-
nesting owls adjusted for imperfect detection, (3)
estimate the most representative scale at which land
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cover or topographic characteristics were associated
with occupancy of cavity-nesting owls, and (4) spatial-
ly depict owl occurrence.

STUDY AREA

Our study was conducted within and near the
10260-km? BNF, in southern Idaho (Fig. 1). The
BNF comprised mainly mountainous terrain, with
elevation ranging from 870-3250 masl. Forest cover
was dominated by conifers, and deciduous trees
made up <1% of the total land cover. Douglas-fir
and ponderosa pine predominated at lower to mid-
elevations, whereas grand fir (Abies grandis) oc-
curred at similar elevations but in smaller amounts
and only in the northern portion of the study area
(Steele et al. 1981). At higher elevations, subalpine
fir (A. lasiocarpa), Engelmann spruce (Picea engel-
mannii), and lodgepole pine (P. contorta) predomi-
nated. Shrubs such as ninebark (Physocarpus malva-
ceus), snowberry (Symphoricarpos spp.), serviceberry
(Amelanchier alnifolia), rose (Rosa spp.), huckleberry
(Vaccinium spp.), and chokecherry (Prunus virgini-
ana) were common in forest understories. Snow-
brush (Ceanothus velutinus), bitterbrush (Purshia
tridentata), and sagebrush (Artemisia tridentata) in-
habited drier, south-facing aspects (Steele et al.
1981). Deciduous tree and shrub species grew
mainly in riparian areas and drainages and included
aspen (Populus tremuloides), black cottonwood (P.
trichocarpa), willows (Salix spp.), dogwood (Cornus
sericea), cascara (Rhamnus purshiana), and thimble-
berry (Rubus parviflorus).

METHODS

From February to May 2009 and 2010, we con-
ducted point-count surveys for Boreal Owls, Flam-
mulated Owls, and saw-whet owls using audio broad-
casts of owl vocalizations (Johnson et al. 1981). We
continued surveys for Flammulated Owls in June of
both years because they are migratory and often
do not arrive on the breeding grounds until
May (McCallum 1994). Additionally, detectability
of Flammulated Owls may be highest during June
(Barnes and Belthoff 2008).

We used ArcGIS 9.3 (Environmental Systems Re-
search Institute Inc., Redlands, California, U.S.A.)
to help select point-count locations in appropriate
forested habitat. Because we began surveys in win-
ter, point-count locations had to be accessible by
researchers on snowshoes, cross-country skis, or on
foot. The point-count locations were therefore logis-
tically constrained to U.S.D.A. Forest Service roads
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Figure 1.
nesting owls during February to June, 2009-2010.

and trails. We placed an initial point-count location
near the beginning of an accessible road or trail-
head and separated subsequent point-counts by
800-1500 m. We randomly stratified point-count lo-
cations by forested land-cover classes and placed
proportionately more in dominant classes such as
Douglas-fir and ponderosa pine. To increase spatial
coverage, we surveyed different points-count loca-
tions each year (n = 82 in 2009 and 68 in 2010).
Survey Protocol. Each point-count consisted of an
initial 3-min listening period, followed by a series of
broadcasts of Flammulated Owl and Boreal Owl vo-
calizations with audio output of 90-110 dB (Fuller
and Mosher 1987) using a broadcast system (NX3
Fox Pro Wildlife Caller, FOXPRO Inc., Lewistown,
Pennsylvania, U.S.A.). The recordings were of male
vocalizations typically associated with territorial
display (Stokes Field Guide to Bird Songs®,
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Kilometers

Map of the Boise National Forest in southwestern Idaho, U.S.A., and point-count locations surveyed for cavity-

Time Warner Audio Books, New York, New York,
U.S.A.). We broadcasted for the smaller Flammu-
lated Owls first, to reduce possible intimidation by
larger owl species (Hayward and Garton 1988). We
recorded saw-whet owls based on their response to
other species’ calls (Kissling et al. 2010). In partic-
ular, saw-whet owls respond similarly to vocalizations
of conspecifics and Boreal Owls (Francis and Brad-
street 1997). We broadcast recordings of individual
owl vocalizations for 30 sec followed by 1 min of
listening and repeated this twice for each species
in the protocol while rotating the Wildlife Caller
through 360°. In total, individual point-counts took
9 min to complete and were conducted between
30 min after sunset and 03:00 H.

We visited each point-count location (1) three
times during February-May to survey Flammulated,
Boreal, and saw-whet owls, and (2) one to three
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additional times in June to continue surveys for
Flammulated Owls. Repeat visits to point-count lo-
cations were separated by at least 7 d (x = 14.7 d
between visits). Repeat visits allowed us to develop a
detection history of each species at each point-count
location for use in occupancy modeling of owls
(MacKenzie et al. 2002, Bailey et al. 2009, Yakulic
et al. in press).

Temporal and Environmental Detection Variables.
During each point-count we recorded two temporal
and six environmental variables that potentially in-
fluenced owl detectability. Temporal variables were
Julian date and time (hr) after sunset. We recorded
the environmental variables temperature (°C), baro-
metric pressure (psi), relative humidity (%), and
average wind speed (km hr~!) using a Kestrel
3500 Weather Meter (Forestry Supply, Inc., Jackson,
Missouri, U.S.A.) and visually estimated percent
cloud cover (0-100). Following Kissling et al.
(2010) we indexed ambient noise levels as 1 (quiet),
2 (some intermittent, but not distracting noise), 3
(moderate noise that could reduce owl detectabili-
ty), and 4 (constant noise). We used the resulting
detection history generated from multiple visits to
each point-count location along with temporal and
environmental variables from each visit to adjust
occupancy estimates for imperfect detection for
each owl species. We detected no Boreal Owls, so
our analyses of owl occupancy and detectability con-
sidered only Flammulated Owls and saw-whet owls.

Scale, Land Cover, and Topographic Variables.
We used ArcMap 9.3 to characterize land-cover com-
position and topographic features at three different
scales: 0.4-km (area = 50 ha), 1-km (area = 314 ha),
and 3-km-radius (area = 2826 ha) circular plots
centered on each point-count location. We used
the 0.4-km buffer distance to represent features that
Flammulated Owls (McCallum 1994, Barnes 2007)
and saw-whet owls (Hayward and Garton 1988, Ras-
mussen et al. 2008) may experience within their
approximate home-range sizes. We used the 1-km
buffer to reflect the area that young cavity-nesting
owls may use when dispersing from their natal area
before independence (Linkhart and Reynolds
2007). The 3-km buffer represented the approxi-
mate scale over which owl predators (e.g., Great
Horned Owls [Bubo virginianus], Northern Gos-
hawks [Accipiter gentilis], and others; McCallum
1994, Rasmussen et al. 2008) may operate when
hunting small owls.

We derived land-cover variables at the 30-m reso-
lution from U.S. Department of Agriculture Forest
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Service (USFS) raster layers specific to the BNF,
which are extensions of the LANDFIRE Existing
Vegetation Type raster dataset. These data were as-
sessed using cross validation techniques and case
studies in selected areas. Accuracy assessments
ranged between 35-70% (LANDFIRE 2013).

We defined 11 land-cover classes in the BNF: as-
pen, barren ground, Douglas-fir, grand fir, lodge-
pole pine, mixed conifer, non-forest, ponderosa
pine, subalpine fir, riparian, and white bark pine
(P. albicaulis). Ultimately, our sample size for occur-
rence prohibited analysis of all 11 land-cover classes
individually. Thus, for each of the 0.4-km, 1-km, and
3-km-radius buffers we calculated the proportion of
Douglas-fir, ponderosa, and non-forest (i.e., grass-
land, meadows, sagebrush-steppe, and shrubland
land cover) as other researchers have identified
these as key habitat-use variables for owls (see
McCallum 1994, Christie and van Woudenberg
1997 for Flammulated Owls and Cannings 1987,
Rasmussen et al. 2008 for saw-whet owls). We also
developed and analyzed a variable that captured
land-cover diversity (hereafter diversity) for each
of the three spatial scales. To do so, we calculated
the Shannon Diversity Index (Shannon and Weaver
1949) based on the number of land-cover classes
and the proportion of grid cells in each of those
classes. Canopy cover also helps predict Flammu-
lated Owl (McCallum 1994) and saw-whet owl occur-
rence (Rasmussen et al. 2008, Groce and Morrison
2010). Thus, we used the canopy cover spatial raster
data set from the USFS specific to the BNF, which
consisted of four categorical raster values (1 = 0-
10% cover, 2 = 11-40% cover, 3 = 41-70% cover,
and 4 = 71-100% cover) at a resolution of 30 m. To
reduce number of predictor variables, we reclassi-
fied the categorical raster data using midpoints of
cover categories (canopy cover category 1 = 5%
cover, 2 = 22.5% cover, 3 = 55.5% cover, and 4 =
85.5% cover) and then calculated average canopy
cover within the 0.4-km, 1-km, and 3-km buffers.
We derived the topographic variables aspect and
terrain ruggedness index (TRI) from 30-m resolu-
tion digital elevation model (The National Map
2013) using ArcMap 9.3. Because aspect had a cir-
cular distribution, we calculated the cosine of aspect
for each grid cell to constrain values between 1
(more north-facing) and —1 (more south-facing)
and modeled aspect as a linear variable. Terrain
ruggedness index represented the topographic het-
erogeneity of an area expressed as the average
amount of elevation difference between adjacent
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cells in a digital elevation model (Riley et al. 1999);
values of ““0”’ represented flat terrain, while values
approaching 18 represented extremely rugged ter-
rain. For each of these land cover and topographical
variables, we averaged grid-cell values within the 0.4-
km, 1-km, and 3-km buffers to model cavity-nesting
owl occupancy.

Statistical Analysis. We used PRESENCE 3.1
(USGS Patuxent Wildlife Research Center, Laurel,
Maryland, U.S.A.) to estimate occupancy (J) and
detection (p) probabilities, the influence of land
cover and topography covariates on {, and tempo-
ral and environmental covariates on p for Flammu-
lated and saw-whet owls from the owl detection his-
tory data (MacKenzie et al. 2002). This modeling
framework requires that species are present at occu-
pied sites for the duration of the sampling period
(MacKenzie et al. 2002). As Flammulated Owls are
obligate migrants that generally return to our study
area beginning no earlier than May (Barnes and
Belthoff 2008), we used only those surveys conduct-
ed during June to model detectability and occupan-
cy of Flammulated Owls.

We used a hierarchical approach (Doherty et al.
2008, Doherty et al. 2010, Aldridge et al. 2012) by
first modeling p and s separately to develop a base
detection model and a candidate set of occupancy
models. To model p, we tested all variables indepen-
dently using univariate, single-season occupancy
models as well as the null model (V[.], p[.]1). We
carried the most predictive variable(s) based on
Akaike’s Information Criterion corrected for small
sample sizes (AIC; Burnham and Anderson 2002)
forward as the base detection model and used it
throughout the assessment of the candidate occu-
pancy model set (see Aldridge et al. 2012). We used
the land-cover variables Douglas-fir, ponderosa,
non-forest, canopy cover, and diversity and the to-
pographic variables aspect and TRI to model . We
normalized covariates prior to analysis in program
PRESENCE, which helped with model convergence.
Therefore, we present standardized beta estimates
throughout. As we visited different point-count lo-
cations in 2009 and 2010, we did not model the
effect of year on .

No published landscape-scale studies for owl spe-
cies in Idaho existed with which to base a priori
models (Burnham and Anderson 2002); thus, we
conducted an exploratory analysis by first identify-
ing the scale (i.e., 0.4-km, 1-km, or 3-km) that most
appropriately described Flammulated Owl and saw-
whet owl occupancy for each variable using single-
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season occupancy models. We considered the most
appropriate scale for modeling each variable the
one ranked with the lowest AIC, of the three scales
examined. We removed from the set those variables
whose AIC, were greater than the AIC, of the null
model (Y[.], p[.]) and variables with beta coeffi-
cients overlapping zero in 75% confidence intervals
(see Doherty et al. 2008). If variables were collinear
(Spearman rank correlations 7, = 0.70), we retained
the variable we deemed of greater conservation util-
ity in modeling owl occurrence and excluded the
other. We ultimately explored owl-habitat associa-
tion with single-season occupancy estimation using
all possible combinations of remaining variables to
estimate | along with the base detection model for
p. To avoid over-fitting, we restricted the number of
covariates for J to approximately 10% of the sites
occupied by each species (Hosmer and Lemeshow
2000).

We used AIC, and the associated model weights to
assess strength of candidate models. When there
was model selection uncertainty, we used averaged
coefficients from models with a cumulative AIC,
weight of 0.95 (Burnham and Anderson 2002). We
recalculated model weights to sum to 1.0 for models
in the final candidate set. When model averaging,
we set coefficients to zero for variables not included
in a model.

Model Diagnostics. In logistic regression, models
can be evaluated using a sensitivity/specificity ap-
proach, where sensitivity is the ability of a model
to correctly classify occupied point-count locations
and specificity refers to how well the model classifies
unoccupied point-count locations. A point-count lo-
cation with a predicted probability below a given
sensitivity threshold was classified as unoccupied,
whereas an observation above this threshold was
classified as occupied. We conducted this evaluation
over a wide range of sensitivity threshold values to
generate receiver operating characteristic (ROC)
curves (Fielding and Bell 1997). The ROC curve
evaluated the relationship between the number of
correctly classified occupied sites and the number
of sites classified incorrectly as occupied at different
sensitivity thresholds (Pearce and Ferrier 2000).

To assess goodness-of-fit of final models, we cal-
culated the area under the curve (AUC) of the
ROC. The AUC is the summed area underneath
the ROC curve and provides an index of the mod-
el’s ability to differentiate between observations of
owl occurrence and nonoccurrence. AUC values of
0.5-0.7 reflect relatively poor model performance,
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Figure 2.

This heuristic illustrates our method used to classify the high, moderate, and low-suitability habitat for

Flammulated and Northern Saw-whet owls throughout the Boise National Forest. Occurrence (1) and nonoccurrence
(0) locations are based on the three selected sensitivity thresholds where 50%, 75%, and 100% of occupied point-count
locations were correctly classified by the model. Summing the three maps results in grid cells where values range between
0-3. Regions with higher values represent high suitability habitat (darker gray areas on map; cell value =3), and regions
with lower values represent areas of least suitability (white areas on map, cell value = 0).

0.7-0.9 moderate performance, and =0.9 excellent
model performance (Swets 1988).

Habitat Suitability Maps. We applied the model-
averaged final model in ArcMap 9.3 to spatially de-
pict the probability of occupancy separately for
Flammulated and saw-whet owls. Species informa-
tion presented as occurrence/nonoccurrence may
be more useful than probability estimates for re-
source managers (Liu et al. 2005). Therefore, we
converted model generated probability estimates
into occurrence/nonoccurrence categories using
sensitivity thresholds identified by the ROC curve.
We generated three maps using sensitivity thresh-
olds where 100%, 75%, and 50% of occupied point

count locations were correctly classified. We then
summed these maps to create a final composite
map, which depicted habitat suitability in four cat-
egories: high, moderate, low, and least (Fig. 2).
Model Validation. We assessed accuracy of the
final Flammulated Owl model by determining how
well it predicted occurrence/nonoccurrence for an
independent sample of occupied and unoccupied
(n = 91 for each) point-count locations in the
BNF that were previously surveyed for Flammulated
Owls using similar survey techniques to ours (see
Barnes 2007). We classified the independent sites
as high, moderate, low, or least suitable and assessed
the accuracy of occupancy classification using
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Table 1.
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Model selection for top performing models (10 of 42) examining habitat associations of Flammulated Owls in

the Boise National Forest, 2009-2010. Akaike weights have been adjusted to reflect relative weight within the model-
averaged set of 12 models, which accounted for >0.95 Akaike weight and were used in calculating model-averaged
coefficients for occupancy (), detectability (p), and their associated covariates. Subscripts indicate the most
appropriate scale (i.e., 0.4-km, 1-km, or 3-km scale) used to model a variable. The null model is shown below

for comparison.

OCCUPANCY MODEL K2 AIC P AAIC wd
(aspectsyy,, diversityyyy,, Douglasfirg 4xm), p(noise) 6 152.83 0.00 0.39
V (diversityyym, Douglasfirg 4m), p(noise) 5 153.45 0.62 0.28
(canopyp axm, diversityyy,, Douglas-firg 4m), p(noise) 6 155.67 2.84 0.09
W (diversitym, Douglas-firg 4xm, non-forest;y,,), p(noise) 6 156.06 3.23 0.08
V(diversityyyy,, Douglas-firg 4., ponderosasy,,), p(noise) 6 156.79 3.96 0.05
(aspectsim, CANOPYo 4kms diversityjy,), p(noise) 6 157.88 5.05 0.03
Y (canopyo axm, diversityigm), p(noise) 5 158.33 5.50 0.03
W (aspectsyy, diversityig,), p(noise) 5 158.53 5.70 0.02
(aspectsy,,, Douglas-firg 4., ponderosasy,,), p(noise) 6 159.67 6.84 0.01
 (aspectsim, diversityym,, ponderosasy,,), p(noise) 6 160.94 8.11 0.01
Y (.), p(noise) 2 176.64 23.81 0.00

2 No. of parameters.

b Akaike Information Criterion corrected for small sample sizes.
¢ Difference in AIC, relative to the top model.

a4 Akaike wt.

contingency analysis conducted in SAS, version 9.2
(SAS Institute, Inc. 2008). We could not evaluate
model performance for saw-whet owls because no
independent data were available.

REsuLTS

In 2009 and 2010, we conducted 702 visits to
150 point-count locations to examine owl occupan-
cy. We did not detect any Boreal Owls, and detec-
tions of Flammulated Owls did not occur until 1
June of each year. We detected saw-whet owls at
point-count locations from 15 February to 19 April
2009 and 2010. Detections of saw-whet owls were
highest in February of both years (45% of detec-
tions) with successively fewer detections in March
(31%) and April (24%). Overall, the point-counts
produced 42 Flammulated Owl detections and 71
saw-whet owl detections at 27 and 45 locations, re-
spectively. Flammulated and saw-whet owls co-oc-
curred at eight point-count locations, and at least
one of the two species was detected at 64 separate
point-count locations (43% of locations).

Variable Selection. Of the temporal and environ-
mental variables we evaluated for association with owl
detection, noise accounted for 0.99 and 0.92 of the
Akaike weights for Flammulated Owls and saw-whet
owls, respectively. Thus, we carried noise forward in
the base detection model for both owl species. The
scales for Douglas-fir (0.4 km), non-forest (1 km),

and ponderosa (3 km) were similar for both species,
and scales for the remaining variables differed be-
tween species. For Flammulated Owls, canopy was
selected for at the 0.4-km scale, diversity at the 1-
km scale, and aspect and TRI at the 3-km scale. For
saw-whet owls, the most appropriate scale for model-
ing TRI was the 0.4-km scale; canopy and aspect were
selected for at the 1-km scale, and diversity at the 3-
km scale. After determining the appropriate scale
for each occupancy variable for Flammulated Owls,
none of the remaining variables were highly correlat-
ed. For saw-whet owls, the variables diversity and
ponderosa were correlated (Irl > 0.73). We chose
to include ponderosa in subsequent modeling be-
cause ponderosa pine is a commercially important
lumber species and knowledge of its importance to
native wildlife is valuable for conservation and man-
agement planning in the BNF. For Flammulated
Owls, the 75% confidence intervals for the beta esti-
mates included zero for TRI, so we dismissed TRI
from subsequent modeling. No variables at their ap-
propriate scale had 75% confidence intervals over-
lapping zero for saw-whet owls.

Model Selection. We developed a set of 42 occu-
pancy models for Flammulated Owls using all possible
combinations of the six remaining variables and the
base detection model. Similarly, we developed a set of
63 models for saw-whet owls. From the candidate mod-
els, 12 models for Flammulated Owls (Table 1) and 25
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Table 2.
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Model selection for top performing models (10 of 63) examining habitat associations of Northern Saw-whet

Owls in the Boise National Forest, 2009-10. Akaike weights have been adjusted to reflect relative weight within the model-
averaged set of 25 models, which accounted for >0.95 Akaike weight. Subscripts indicate the most appropriate scale (i.e.,
0.4-km, I-km, or 3-km scale) used to model a variable. The null model is shown below for comparison.

OCCUPANCY MODEL K2 AIC P AAIC ¢ wA
(aspectyyy,, Douglas-firg 4xm, non-forest;y,,, ponderosasgy,, TRIp 4xm®),
p(noise) 8 332.54 0.00 0.14
V(aspectyyy,, Douglas-firg 4xm, non-forest;y,,, ponderosasyy,), p(noise) 7 332.65 0.11 0.13
V(aspectyyy,, Douglas-firg 4xm, non-forest;yy,, TRIp 4m), p(noise) 7 333.46 0.92 0.09
(aspectyyy,, non-forest;y,,, ponderosasy,,), p(noise) 6 333.81 1.27 0.08
V(aspectym, non-foresty,, TRIg 4xm), p(noise) 6 334.07 1.53 0.07
V(aspectyyy,, non-foresty,,, ponderosasyy,, TRIp 4m), p(noise) 7 334.26 1.72 0.06
 (Douglas-firg 4xm, non-forest;yy,, ponderosasiy,, TRy 4xm), p(noise) 7 334.48 1.94 0.05
(aspectyyy,, Canopyigm, Douglas-firg 4im, non-foresty,,, ponderosasy,y,),
p(noise) 8 335.08 2.54 0.04
(aspectyyy,, Canopyigm, Douglas-firg 4im, non-forestyyy,, TRIg 4xm), p(noise) 8 335.13 2.59 0.04
V(aspectyym, non-foresty,,), p(noise) 5 335.55 3.01 0.03
Y (.), p(noise) 2 348.90 16.36 0.00

a No. of parameters.

b Akaike Information Criterion corrected for small sample sizes.
< Difference in AIC, relative to the top model.

d Akaike wt.

¢ Terrain ruggedness index derived from a digital elevation model.

models for saw-whet owls (Table 2) were included for
model averaging. Relative importance (w;) values sug-
gested that Flammulated Owls occurred in landscapes
with low land cover diversity and a high proportion of
Douglasfir forest (Table 3). The importance of aspect
was moderate, but canopy, non-forest, and ponderosa
were poorly supported (Table 3).

There was also lack of support for any one saw-
whet owl model (Table 2) as top approximating
models had low Akaike weights (w < 0.15) and
small differences between AIC, values (AAIC, <
2.0). The variables non-forest and aspect stood out
as most important (Table 3) and indicated that saw-
whet owl occupancy increased with southern-facing
aspects and in areas with higher proportions of non-
forest. The remaining five variables received low to
moderate support, with w, ranging from 0.22 (can-
opy) to 0.63 (ponderosa; Table 3).

Probability of Detection and Occupancy. Mean
probability of detection adjusted for ambient noise
was high for Flammulated and saw-whet owls (p =
0.93 = 0.05 and 0.77 £ 0.08 SE, respectively). Noise
had a negative effect on detectability for both Flam-
mulated Owls (odds ratio = 0.18, 95% CI = 0.09-
0.42) and saw-whet owls (odds ratio = 0.34,95% CI =
0.20-0.58), and neither species of owl was detected
where noise index was four. Flammulated Owls had a

model-averaged probability of site occupancy () of
0.22 = 0.03 SE, while saw-whet owls were more likely
to occur (y = 0.40 = 0.01 SE).

Spatial Implementation in GIS. For Flammulated
Owls, we applied the final model-averaged logistic
regression equation

Occupancy =1.286—2.544 (aspect)+0.064 (canopy)
—1.209 (diversity)+0.994 (Douglas-fir) (1)
—0.021 (non-forest)+0.013 (ponderosa)

in a GIS. Similarly, we implemented the final model-
averaged results for saw-whet owls using the logistic
regression equation

Occupancy = —0.387—0.495 (aspect) —0.048 (canopy)
+0.273 (Douglas-fir)+0.915 (non-forest) (2)
+0.323 (ponderosa)—0.268 (TRI)

Spatial projections of relative habitat suitability
showed the potential for Flammulated and saw-whet
owls to occupy a large proportion of the BNF
(Fig. 3a, b). For Flammulated Owls, the spatial pro-
jection of habitat suitability (Fig. 3a) contained
large areas of both highly suitable (2744 km?2) and
least suitable (4553 km?2) habitat, with smaller
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Figure 3. Habitat suitability maps based on cumulative spatial projections of 50, 75, and 100% of correctly classified
occupied sites for (a) Flammulated Owls and (b) Northern Saw-whet Owls in the Boise National Forest, Idaho, U.S.A.
based on data collected during 2009-2010.

Table 3.  Relative importance (w;) of individual variables and model averaged standardized coefficients (B) = standard
errors associated with each variable in the 95% confidence set for Flammulated Owls (n = 27) and Northern Saw-whet
Owls (n = 45) in the Boise National Forest, 2009-2010. Relative importance was calculated by summing the cumulative
Akaike weights across the total number of models (N) in which a particular variable occurred. * = variable eliminated
during the variable reduction procedure.

FLAMMULATED OWLS NORTHERN SAW-WHET OWLS

VARIABLE N w, B VARIABLE N wy B
Diversitykm 10 0.98 —1.209 = 0.447  Non-forestyy,, 25 1.00 0.915 * 0.345
Douglas-firg 4xm 7 0.91 0.994 = 0.378  Aspectyyy 15 0.80 —0.495 + 0.248
Aspectsim 6 0.46 —2.544 + 2,636  Douglasfirg 4im 13 0.63 0.273 = 0.181
Ponderosag,, 4 0.08 0.013 £ 0.043 Ponderosag,, 13 0.63 0.323 £ 0.215
Non-forest;m, 2 0.08 —0.021 * 0.031 TRIp.4xm 14 0.57 —0.268 * 0.188
Canopyo 4xm 3 0.06 0.065 = 0.073 Canopyixm 11 0.22 —0.048 + 0.700
TRI * * * Diversity * * *
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amounts of moderate (1192 km?) and low
(1771 km?2) suitability habitat. The spatial projec-
tion for saw-whet owls (Fig. 3b) differed in that
the majority of the BNF was predicted to be of mod-
erate (4557 km?2) or low (3836 km2) suitability, and
smaller areas were of least (1569 km?) and highly
(298 km?2) suitable habitat.

Model Performance. The ability of the final mod-
els to distinguish between occupied and unoccu-
pied sites was moderate for both species. The AUC
was 0.71 for Flammualted Owls and 0.70 for saw-
whet owls. For one to correctly identify 100% of
the occurrence observations, 77% and 83% of
nonoccurrence sites would be incorrectly classified
for Flammulated Owls and saw-whet owls, respec-
tively. For both owl species, the overall percentage
of correctly classified occupied and unoccupied
point-count locations was highest when we applied
models using a sensitivity of 50%. At this level, oc-
cupied and unoccupied sites were correctly classi-
fied for 70% and 69% of the point-count locations
we surveyed for Flammulated Owls and saw-whet
owls, respectively.

When compared against the independent sam-
ple of 182 Flammulated Owl point-count locations
from Barnes (2007), there was a significant associ-
ation between those occupied sites and areas on
the map categorized as high to moderate suit-
ability (%2 = 26.03, df = 3, p = <0.001). Of the
occupied point-count locations, 58% were in areas
that our final model classified as having the high-
est suitability. Moreover, no occupied sites from
Barnes’ (2007) study occurred in areas that the
final predictive model classified as least suitable
habitat.

DiscussioN

Applying habitat models in GIS has become a
common approach to project the probability of spe-
cies occurrence across large spatial scales. We ex-
plored the influence of land cover and topographic
variables on the occupancy of Flammulated Owls
and saw-whet owls in a national forest in Idaho,
and determined spatial scales at which these vari-
ables were associated with owl occupancy. The most
appropriate scale describing owl occurrence was
similar for Douglas-fir, non-forest, and ponderosa,
whereas scale for canopy cover, aspect, TRI, and
diversity differed between owl species. This high-
lights the importance of allowing scale to vary by
species. Understanding the scale of habitat associa-
tion is important because (1) we often know little
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about the scale at which a species responds to char-
acteristics of its environment, and (2) different spe-
cies may respond to their environments in different
ways. Additionally, our study of owl occupancy in-
corporated multiple visits to each point-count loca-
tion, which allowed us to establish and incorporate
detection probabilities. These procedures improve
inferences for species such as nocturnal forest owls
that are likely to be imperfectly detected (Bailey et
al. 2009, Yakulic et al. in press).

Probability of Detecting Cavity-nesting Owls. Like
Barnes and Belthoff (2008), we found that the
probability of detecting Flammulated Owls was
high (p = 0.93) during June, which was after owls
returned from migration and the month during
which our surveys for this species were focused.
Saw-whet owls also had a relatively high detection
probability (p = 0.77), and detections were most
common during February point-counts. Groce
and Morrison (2010) reported much lower detec-
tion probabilities (p = 0.28 = 0.04 SE) for saw-whet
owls in the Lake Tahoe Basin, California, and Ne-
vada. However, their observations were from mid-
March through June when owls may have been
somewhat less responsive to conspecific calls (Ras-
mussen et al. 2008).

We found that detectability of both owl species
decreased when noise index levels exceeded two
(some intermittent, but not distracting noise).
Kissling et al. (2010) reported effects of noise
on detectability of saw-whet owls in southeastern
Alaska, where noise levels =3 (moderate noise
that could reduce owl detectability) reduced de-
tection probabilities by about two-thirds. Higher
noise levels could have reduced our ability to de-
tect owls, or it may have altered their responses to
broadcasted vocalizations. Recent studies indicate
that anthropogenic noise clearly affects bird dis-
tributions (McClure et al. 2013). Thus, it is also
possible that noise affected owl occupancy, such
as if owls avoided areas where noise was promi-
nent. In our study, higher noise was frequently
associated with point-count locations near rivers
and larger streams that swelled with spring runoff
rather than with anthropogenic noise. Barnes
(2007) hypothesized that Flammulated Owls
avoided areas with larger-order streams or rivers
where noise levels are high because the owls use
hearing to detect predators in social interactions
and when foraging.

Habitat Associations of Flammulated Owls. The
habitat suitability model we derived for Flammulated
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Owls successfully distinguished between occupancy
in highly suitable and least suitable habitat. Al-
though some previous researchers have found that
Flammulated Owls are predominately associated
with ponderosa pine (Bull et al. 1990, Linkhart et
al. 1998), Flammulated Owls can occur in a variety
of forest types including aspen, lodgepole pine,
subalpine fir, and Douglas-fir (McCallum 1994,
Powers et al. 1996, Marti 1997). Ponderosa pine
was not a strong predictor of Flammulated Owl
occupancy in our study. However, there was a
strong positive relationship between the propor-
tion of Douglas-fir and Flammulated Owl occur-
rence. In addition to ours, other studies have
found that Flammulated Owls tend to occur in ar-
eas with a high proportion of Douglas-fir (Howie
and Ritchey 1987, Powers et al. 1996, Christie and
van Woudenberg 1997). Mature stands of Douglas-
fir forest may present the favorable park-like stands
and open forest physiognomy of primary impor-
tance to these owls (McCallum 1994, Linkhart
et al. 1998).

Land-cover diversity at the 1-km scale had a
strong negative relationship with owl occurrence.
Diversity was a derived variable from 11 land cover
classes of which nine were forested and two were
non-forested classes (i.e., non-forest and barren
ground). Low diversity may be a result of either
(1) homogeneous forest landscapes dominated by
a few forested land-cover classes around a point-
count location, or (2) heterogeneous landscapes
consisting of many land cover classes in small
patches. Most sites that Flammulated Owls occu-
pied consisted primarily of Douglas-fir, ponderosa
pine, or a combination of these two land-cover
classes. Lower occupancy in high diversity land-
scapes could therefore be a reflection of Flammu-
lated Owls using relatively contiguous tracts of
forest consisting of only a few cover classes. Given
that Douglas-fir at the 0.4-km scale was an impor-
tant predictor of Flammulated Owl occupancy,
Flammulated Owls may be likely to occupy patches
of Douglas-fir (0.4 km scale) surrounded by a ma-
trix of relatively homogeneous cover types more
likely to be forest than non-forest.

Although model-averaged estimates of aspect
from our study were only moderately supported,
the observed relationships were in agreement with
Bull et al. (1990) and Barnes (2007), who found
that Flammulated Owls were more likely to occupy
east-facing and south-facing slopes. South-facing as-
pects in colder regions of Idaho and Oregon may
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experience earlier release of snow pack thereby cre-
ating favorable conditions for arthropod prey,
which Flammulated Owls require. The physiological
demands of thermoregulation may also restrict
these small owls to areas that experience warmer
temperatures early in the breeding season when
the greatest cold stress occurs (McCallum 1994).

Our final habitat model indicated a lack of sup-
port for the land-cover variable non-forest. The
scale of our landscape-level approach may have
been too coarse to detect the effects of non-forest
if it occurred at finer scales. This seems possible, as
Barnes (2007) found that Flammulated Owls fre-
quently foraged in small (<0.5 ha), open clearings
within the BNF. Likewise, Bull et al. (1990) reported
that more than half of known Flammulated Owl
nest trees located in northeastern Oregon occurred
within 30 m of a 1-ha opening.

Canopy cover as we measured it from raster data
specific to the BNF also was not a strong predictor
of Flammulated Owl occurrence. In contrast, Flam-
mulated Owl use of intermediate levels of canopy
cover has been well documented (Bull et al. 1990,
Moore and Fredrick 1991, Barnes 2007). Several of
these researchers observed that a multilayered struc-
tural component of canopy cover was important
(Bull et al. 1990, Moore and Fredrick 1991), which
is something our landscape-level approach did not
address.

Habitat Associations of Saw-whet Owls. The final
predictive habitat model for saw-whet owls per-
formed moderately well and indicated that the ma-
jority of the BNF is of moderate suitability for this
species. Model-averaged results indicated non-forest
at the 1-km scale had a strong positive influence on
saw-whet owl occupancy. Saw-whet owls frequently
hunt in forest openings, along forest edges (Hay-
ward and Garton 1988), and in sagebrush and bit-
terbrush shrubland (Cannings 1987). Therefore, a
higher proportion of non-forested grassland and
shrubland within 1 km of occupied point-count lo-
cations may represent areas of suitable foraging
habitat.

As was the case with Flammulated Owls, aspect
was important in explaining saw-whet owl occupan-
cy, and model coefficients indicated that saw-whet
owl occupancy increased with increasing south-fac-
ing aspects at the 1-km scale. Land with a south-
facing slope within the study area may warm more
quickly. Because of their small size, saw-whet owls
may seek thermoregulatory benefits from warmer
temperatures on south-facing slopes when they
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arrive to establish territories in February and March.
During April and May, these areas may warm faster
than north-facing aspects, which likely provides
greater access to microtine rodents at a time when
owls are brooding and rearing young (Cannings
1987).

Saw-whet owl occupancy was positively related to
both proportion of ponderosa land cover at the 3-
km scale and to Douglas-fir land cover at the 1-km
scale. In the western United States, saw-whet owls
occupy a variety of conifer forests with ponderosa
pine, Douglas-fir, grand fir, western larch (Larix oc-
cidentalis), and western red cedar (Thuja plicata)
supporting the densest populations of birds (Hay-
ward and Garton 1988, Rasmussen et al. 2008).
Thus, saw-whet owls are typically more general in
their habitat use than many other forest-dwelling
owl species. Grossman et al. (2008) found that
saw-whet owls occupied a variety of landscapes with
the amount of forested area ranging from 16-100%
within 0.8 km-radius plots. The positive relationship
between saw-whet owls and ponderosa pine and
Douglas-fir in our study may also reflect the relative-
ly higher abundance of these two forest types in the
BNF.

Terrain ruggedness (TRI) had a negative influ-
ence on saw-whet owl occupancy, so owls were more
likely to occur in areas with little topographic relief.
Saw-whet owls may occupy rugged areas less if for-
aging conditions are suboptimal. Saw-whet owls
hunt from low perches on branches or shrubs, often
in forest openings or near forest edges (Rasmussen
et al. 2008). There may have been a lack of such
hunting perches or adequate cover needed by saw-
whet owls when foraging in areas with high values
for TRI. Alternatively, owls may have used rugged
areas less if preferred prey were lacking there.

Finally, we found that saw-whet owl occupancy
had a weak but negative relationship with canopy
cover, which also may have been related to the im-
portance of non-forested areas for foraging. Like-
wise, Groce and Morrison (2010) found that open
canopy was influential for saw-whet owl occupancy
in California and Nevada. However, they noted that
scale is important in that open canopy was more
relevant at the scale of saw-whet owl territories
(e.g., 20-ha plots) rather than larger scales (e.g., 1-
km radius) such as those we found to be important.

Management Implications. Our results from south-
ern Idaho indicate that detection of saw-whet owls was
greatest in February, while Flammulated Owls were
not detected until June. Although ambient noise
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strongly influenced the probability of detecting both
owl species, we do not recommend that such high-
noise areas be avoided during surveying. Rather, we
suggest models depicting the occupancy of either spe-
cies should incorporate variables such as a noise index
or other environmental covariates to account for im-
perfect detection, as others suggest (Kissling et al.
2010). Establishing multiple visits to each survey point
will further help to increase the probability of detect-
ing these owls and therefore increase the reliability of
occupancy estimates (MacKenzie et al. 2002).

The Flammulated Owl and saw-whet owl models
we developed identified occupancy variables at
scales greater than the approximate sizes of home
ranges for both species as being important predic-
tors of owl occurrence. This suggests that habitat for
Flammulated Owls and saw-whet owls needs to be
managed at scales beyond their home range. Cur-
rently, there are several efforts underway to return
forest composition within the BNF and similar west-
ern forests to a state more closely resembling that
of pre-European settlement (Idaho Department of
Fish and Game 2005). From a management perspec-
tive, generating multiple habitat suitability maps al-
lows land managers flexibility in how they allocate
management resources across larger landscapes. If
it is not possible to focus on all suitable owl habitat,
then protection or restoration efforts can concen-
trate only on habitat predicted to be most suitable
(i.e., 50% sensitivity). Conversely, if the goal is to
conserve habitat for these owl species in all regions
where they are likely to occur, then a scenario using
a 100% sensitivity map can be used to guide man-
agement efforts. Therefore, the spatially explicit
models we developed for Flammulated and saw-
whet owl occupancy can provide land managers with
a practical tool with which to identify highly suitable
land cover and to help inform land-use decisions or
restoration efforts. Although we developed these
models specifically for use in the BNF, we suspect
that their applicability extends to areas where simi-
lar habitat types occur throughout the western Unit-
ed States.
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