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Changing fire regimes and faunal responses:
Habitat use by Flammulated Owls after fire in Colorado
Scott W. Yanco1,2,* and Brian D. Linkhart1
Abstract: Since European settlement, human activities have resulted in fires that have burned
the pine forests of western North America at higher severity and over larger areas than previously. On the basis of global climate models and current fuel loading across the West, larger and
more severe fires are predicted to become more common in the future. Despite the potentially
severe consequences of such fires on landscape structure and function, the effects of altered
fire regimes on the behavior and ecology of birds in western forests have been little studied.
We sought to determine how the Hayman Fire, which burned the largest area (560 km2) in
Colorado history in 2002, affected habitat selection at multiple spatial scales by Flammulated
Owls (Psiloscops flammeolus) that recolonized the burned area from 2003 to 2012. We radiotracked five breeding male owls from 2007 to 2012 and quantified their patterns of habitat
use at multiple spatial scales. Breeding males established home ranges in habitats containing
less area burned at high severity and more area burned at low severity or remaining unburned
than was available within the fire’s entire perimeter. Additionally, the size of a home range was
positively correlated with the proportion of area burned at high severity, indicating that such
areas represent low-quality habitat for the species. The level of burn severity did not appear
to be an important factor in the selection of habitats for foraging or day-roosting, indicating
that habitat-selection patterns were altered by fire only at the scale of the home range. Our
findings suggest that species with life histories highly adapted to ecosystems dependent on fire
of low or mixed severity may not be resilient to human-modified fire regimes in which the
proportion and patches of forest burned at high severity are larger. As the area burned at high
severity increases, more western forests may become unsuitable for occupancy by species that
have otherwise evolved with naturally occurring low-severity fire.
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A

cross western North America, patterns of fire
frequency, severity, and size are generally correlated with latitude, elevation, and floristic composition (Veblen et al. 2000, Brown and Shepperd
2001, Romme et al. 2003). At lower elevations
and latitudes, forests dominated by pines (Pinus
spp.) experienced frequent (every 5–30 years)
fires of low severity. These typically consumed
small trees, shrubs, and herbaceous growth, and
promoted the maintenance of open forests containing clumps of larger, older trees (Covington
and Moore 1994, Veblen et al. 2000, Brown and
Shepperd 2001). Conversely, forests at higher
elevations and latitudes typically experienced less
frequent fires (every 100–400 years), and the relatively mesic conditions and low decomposition

rates in these forests promoted the build-up of
fuels between fires (Brown and Shepperd 2001,
Schoennagel et al. 2004). Increased fuel loads,
coupled with higher forest densities in these
environments, resulted in fires that were generally stand-replacing (Brown and Shepperd 2001,
Schoennagel et al. 2004).
Between these extremes, mixed-conifer forests
at intermediate elevations and latitudes experienced fires of mixed severity every 30–100 years,
resulting in a mosaic of patches burned at various
severities across the landscape (Brown et al. 1999,
Kaufmann et al. 2003, Romme et al. 2003).
These mixed-severity fires typically burned heterogeneous environments encompassing a range
of elevations, aspects, and dominant cover types
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(Romme et al. 2003, Schoennagel et al. 2004).
In Colorado’s Front Range, for example, northfacing slopes typically support denser and more
mesic forests, which burn at higher severities,
whereas south-facing slopes typically support less
dense and more xeric forests, which burn at lower
severities.
While the effects of all fire regimes on ecosystem function are important to understand, fires of
low and mixed severity are particularly important
because they have strongly influenced the evolution and ecology of ponderosa pine (P. ponderosa)
and mixed conifer forests that are widespread
across western North America (Covington and
Moore 1994, Allen et al. 2002, Abella et al. 2007).
Ponderosa pines exhibit adaptations common
to many pine species that evolved with frequent
low-severity fire, including thick “fire-resistant”
bark and self-pruning of lower limbs (Binkley et
al. 2007). Several species of animals that inhabit
dry pine forests are also adapted to environments maintained by low- and mixed-severity
fires (e.g., Conway and Kirkpatrick 2007, Hutto
2008, Davis et al. 2012). For example, the Pygmy
Nuthatch (Sitta pygmaea) prefers habitats (widely
spaced stands of large, old ponderosa pines) that
are mediated by frequent fires of low severity
(Szaro and Balda 1982, Brawn and Balda 1988).
Since European settlement, across western
North America, a greater proportion of dry
pine-dominated forests has burned at higher
severity (greater crown mortality) than occurred
previously (Huckaby et al. 2001, Kaufmann et al.
2001, Fulé et al. 2014). Primary factors that have
contributed to this trend include logging, overgrazing, and fire suppression, all of which have
led to a prevalence of young stands of trees of the
same age, increased fuel loads and stand densities,
and more continuous canopy cover (Veblen et al.
2000, Miller et al. 2009, Fulé et al. 2014). These
changes in forest structure have resulted in an
increase in the extent and severity of fires in many
coniferous forests, including those in Colorado’s
Front Range, formerly characterized by a regime
of fires of low or mixed severity, (Covington and
Moore 1994, Kaufmann et al. 2001, Sherriff et
al. 2014).
In addition, climate change has been further
modifying fire regimes across western North
America. Total biomass burned and the extent
and frequency of wildfires are strongly correlated
with regional climate patterns (Westerling et al.
2006, Marlon et al. 2012), and increasingly hot
and dry conditions are driving wildfires to burn
larger areas at higher severities (Westerling et al.
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2006). Given current predictions for the climate
(IPCC 2013), western forests are expected to
experience modified fire regimes different from
the historical norms well into the future (Running
2006, Hurteau et al. 2014, Rocca et al. 2014,
Sherriff et al. 2014).
Historically, regimes of low- and mixed-severity fire acted as important drivers of landscape
heterogeneity by leaving a structurally variable
landscape where the forest’s overstory was left
intact in some areas and experienced 100% mortality in others (Kaufmann et al. 2003, Williams
and Baker 2012, Odion et al. 2014). The recent
trend toward stand-replacing fires at the landscape
scale has homogenized forest structure by promoting recruitment of cohorts of even-aged trees over
large areas (Covington and Moore 1992, 1994,
Allen et al. 2002, Fulé et al. 2003). These support
lower overall biodiversity than do structurally
diverse forests (Allen et al.1998) and may no longer support the same fauna as they did previously
(USGAO 1999, Westerling et al. 2011).
Despite the extent to which fire regimes of
western forests are being modified, few studies
have focused on faunal responses to such changes.
Recent research has indicated that avian responses
to fire may be influenced by foraging behavior, as
evidenced by a positive correlation between the
relative abundance of species within particular
guilds and the availability of preferred foraging
habitats following fire (Kotliar et al. 2007). Still,
there is a lack of information on how breeding birds adapted to low- or mixed-severity fire
regimes use burned landscapes when establishing
home ranges and selecting habitats for foraging
and roosting, particularly where fire regimes have
been anthropogenically modified. The manner in
which animals use habitats may influence their
demographic performance (e.g., Breininger et al.
1994, Linkhart and Reynolds 2006) and affect
species’ interactions across trophic levels (e.g.,
Schmitz et al. 1997, Fagan et al. 1998). A better
understanding of avian responses to fire is critical
to illuminating how processes at the levels of the
population, community, and ecosystem may be
affected by changing fire regimes.
We sought to determine how the 2002 Hayman
Fire, which burned the largest area in Colorado
history (Graham 2003), affected habitat selection
at multiple spatial scales by breeding Flammulated
Owls (Psiloscops flammeolus) from 2003–2014.
The Flammulated Owl is a small migratory raptor
that breeds from southwestern Canada through
the western United States to central Mexico
(Linkhart and McCallum 2013), where it tends to
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prefer older stands of ponderosa pine and Douglas
fir (Pseudotsuga menziesii; Linkhart et al. 1998,
Linkhart and Reynolds 2006, 2007), and winters
from northern to southern Mexico (Linkhart et
al. 2016). It is considered a “sensitive species”
by the U.S. Forest Service in Regions 1, 2, and
4 (USFS 2004), a national “bird of conservation
concern” by the U.S. Fish and Wildlife Service
(USFWS 2008), and a “species of special concern”
in Canada (COSEWIC 2010). Donovan et al.
(2002) also identified the owl as a priority species
for assessing effects of habitat alteration in western
forests. Currently, data concerning the owl’s use of
habitats in areas subjected to altered fire regimes
are lacking.
Our objectives were to (1) describe the size,
shape, and juxtaposition of the home ranges of
Flammulated Owls within the area burned in
the Hayman Fire; (2) compare patterns of burn
severity within the owls’ home ranges to those of
the entire burned area; and (3) compare habitat
variables (including burn severity) of foraging
and day-roosting sites to available habitat within
home ranges. We predicted that owls should prefer unburned or low-severity burned habitats at
all spatial scales, because of those habitats’ resemblance to unburned forests, where Flammulated
Owls preferentially establish territories and forage
in areas containing older stands of ponderosa pine
and Douglas-fir (Linkhart et al. 1998).

Study Area and Methods
We conducted our study in the Pike National
Forest in central Colorado, within the eastern
portion of the area burned by the Hayman Fire in
2002 (Figure 1). This fire burned approximately
560 km2 (Graham 2003), of which nearly 50%
burned at high severity; the historic norm for this
area is ~20% (Romme et al. 2003). Before the fire,
forests in our study area were typically dominated
by open stands of mature (100- to 200-year-old)
and old growth (>200-year-old) ponderosa pines
on south-facing slopes, ridgetops, and flat areas,
and denser stands of younger (largely <100-yearold) ponderosa pines, with some mature stands
of Douglas-fir/ponderosa pine, on north-facing
slopes (Finney et al. 2003). Drainage bottoms
were dominated by quaking aspen (Populus tremuloides) or quaking aspen/blue spruce (Picea pungens; Finney et al. 2003). Elevations within the
study area range from 2300 to 2600 m. Mean
temperatures from 1981 to 2010 were 18.7
°C from June to August and –1.4 °C from
December to February (NOAA 2010). Mean

annual precipitation was 40.3 cm, 60% of which
fell from May to September (WRCC 2015).

Burn-Severity Analysis

The Hayman Fire burn area exhibited a mosaic
of severities, which we defined according to the
proportion of dominant/canopy trees that were
killed: high severity, areas where >90% were killed;
moderate severity, areas where 5–90% were killed;
and low severity, areas where <5% were killed
(sensu Key and Benson 2006; Figure 2). The highest burn severities within the Hayman Fire generally occurred in areas containing greater amounts
of fuels and more continuous canopies (typically
on north- and east-facing slopes), whereas fires
of lower severity were commonly associated with
south- and west-facing slopes (Romme et al.
2003). While burn severity in drainage bottoms
was variable, most quaking aspens were killed by
the fire’s heat but were not combusted.
Using Landsat 7 imagery from the U.S.
Geological Survey from 2000 (pre-fire) and 2005
(post-fire), we generated fire-severity maps by
calculating the change in normalized difference
vegetation index (δNDVI). We calibrated δNDVI
values to field-calculated composite burn indices
(CBI) for focal trees by linear regression, and we
used a CBI threshold of 1.0 for low to moderate
severity and 2.0 for moderate to high severity (Key
and Benson 2006). We then used δNDVI values
that corresponded to the CBI thresholds as cutoffs
within the δNDVI raster data to assign all δNDVI
pixels within the study area to one of three burnseverity classes, defined a priori: low severity or
unburned, moderate severity, or high severity
(Figures 1 and 2). The raster data were clipped to a
pre-defined outline of the Hayman Fire provided
by the U.S. Forest Service (unpubl. data), which
encompassed approximately 93,250 ha, including
unburned enclaves and other features, such as
open water.

Location of
Owl Territories and Nests

We surveyed the eastern portion of the area
burned in the Hayman Fire for occupancy by
Flammulated Owls in June and July of 2003,
2004, and 2005 by 5-minute point counts (Bibby
et al. 1997) at 0.8-km intervals along passable
roads. In areas where we detected territorial
males, we used spot mapping (Bibby et al. 1997)
to delineate boundaries of home ranges, which
are synonymous with territories since the owls
defend type I territories (where all breeding behaviors occur within a defended area; Hinde 1956,
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Figure 1. Location of home ranges of five male Flammulated Owls assessed from 2007–2012 within the area
burned by the Hayman Fire in Colorado in 2002. For each male, the 90% kernel home range and 50% core area
boundaries, raw telemetry fixes, and nest site are shown relative to the maps of burn severity based on the normalized difference vegetation index (δNDVI).

Linkhart et al. 1998). We mapped home range
boundaries in ArcGIS 10.1 (ESRI 2012).
We searched for nests during the incubation
(late May–late June) and nestling phases (late
June–late July) from 2004 to 2014 by listening for females’ food-solicitation calls at night
in portions of territories containing tree cavities
(Reynolds and Linkhart 1984). In addition, we
systematically checked tree cavities for occupancy
during the day by tapping trees to induce females
to rise to cavity entrances, and we also examined
cavities’ contents with cameras mounted on telescopic poles.

Radio Telemetry

We used radio transmitters from Advanced
Telemetry Systems (model A1030, Isanti, MN),
which had a battery life of 40 days, and we
detected signals at distances up to 1 km. We
affixed transmitters to owls during the incubation and nestling phases by means of a backpack
harness constructed from flexible Lycra straps and
quick-drying glue (Reynolds and Linkhart 1984).
422

Radio transmitters weighed 1.9 g each, and the
total weight with harness was ~2.5 g (~4.7% of
a male’s average body mass). For radio tracking
we used a hand-held receiver (model R-1000,
Communication Specialists, Orange, CA) and a
three-element Yagi antenna.
During nocturnal tracking, we traveled on foot
to track individual males to specific trees, which
we identified by searching for the strongest transmitter signal from multiple locations surrounding
a tree where we suspected an owl. We recorded a
tree as a “fix” when we acquired an equally strong
signal from multiple angles around a tree. We then
attempted to assign a male’s behavior (foraging,
resting, or singing) on the basis of observation
aided by headlamp or silhouette against the sky.
If the owl could not be seen, researchers listened
at the tree for ~1–15 minutes and attempted to
assign behavior by aural cues. We had no indication that the owls’ behavior was directly affected
by the presence or activities of the observer. We
categorized the male’s behavior as foraging if a
foraging attempt was observed or if wing flaps
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observers were able to get close
to a male’s location but could not
identify the specific tree as a fix,
then we recorded a “general area”
fix, which we used only for calculating the bird’s home range. We
recorded each location by means
of a hand-held global positioning
system (GPS) unit and, if applicable, marked trees with flagging.
Between 2007 and 2012,
we radio-tracked five different
breeding males, including two
males tracked in consecutive
years (2007–2008), over a total
of 49 hours during June and July
(corresponding to the incubation
and nestling phases). In 2007, we
tracked two males for 10 hours;
in 2008, the same two males for
14 hours; in 2009, one male for
5.5 hours; in 2010, one male for
7 hours; and in 2012, one male
for 12.5 hours. Nocturnal tracking typically began shortly after
sunset (20:20–20:45) and continued up to 00:30. We recorded
a total of 162 fixes, 19% of them
from 20:00 to 20:59, 28% from
21:00 to 21:59, 33% from 22:00
to 22:59, 16% from 23:00 to
23:59, and 4% from 00:00 to
00:30. Approximately 23% (37)
of all fixes were recorded during
the incubation phase and 77%
(125) during the nestling phase.
Figure 2. Habitat in the home range of one Flammulated Owl (male
CN13) within the area burned in 2002 in the Hayman Fire in Colorado.
(A) Map of burn severity based on the normalized difference vegetation
index (δNDVI) with 90% kernel home-range boundary in blue; (B) aerial
imagery with 90% kernel home-range boundary in blue; and, examples of
(C) a low-severity burned site (composite burn index [CBI] = 0.1) and (D)
a high-severity burned site (CBI = 2.63) within the home range. Arrows
from (B) to (C) and (D) indicate approximate photo locations.

against foliage were heard. We also stationed
additional observers at nests, and we used observations of a radio-tagged male delivering prey to
his nest immediately following a report of a fix
(via two-way radios) as confirmation of foraging.
We categorized behavior as singing if territorial
song was heard in the immediate vicinity and as
resting in the absence of the above cues. We also
attempted to locate trees in which males roosted
by day, but this was typically done diurnally. If

Home-Range Analysis

We quantified owls’ home ranges
by using the minimum-convexpolygon (MCP) method and
kernel-density estimates (KDE).
We delineated MCP boundaries
in ArcGIS 10.1 (ESRI 2012)
and calculated KDE rasters and
isopleths in Geospatial Modeling Environment
0.7.2.1 (Beyer 2012), which requires the integrated platform of ArcGIS 10.1 and program R
(R Core Team 2014). We produced 90% and 50%
kernel isopleths, which estimated the owls’ home
ranges and core areas, respectively. We used likelihood cross-validation to determine the kernels’
smoothing parameters (sensu Horne and Garton
2006), and we set the grid cells at 30 m × 30 m
to match the resolution of the Landsat Imagery
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used for burn-severity analysis. Fixes recorded
during extra-territorial movements were not used
in delineation of home ranges but were included
in modeling of foraging-tree selection. We also
excluded fixes recorded after fledging, given that
home-range boundaries break down after this
time (Linkhart et al. 1998). We calculated the
home ranges of the two males tracked in consecutive years with fixes from both years combined
because (1) males’ site fidelity in unburned forest
is high (Linkhart and Reynolds 2007) and (2) the
spatial distribution of fixes recorded for those two
males was similar in both years, including reuse of
the same nest site.
Using ArcGIS, we calculated the proportion
of home ranges estimated by MCP and of home
ranges and core areas estimated by kernel density,
that burned at the various severities, and compared these to the same proportions available
within the entire area burned in the Hayman Fire.
We excluded from this analysis δNDVI raster cells
(30 m × 30 m) that overlapped home-range and/or
kernel core-area boundaries when centers of cells
were outside home-range or core-area polygons.

Micro-site Habitat Quantification

Within home ranges, we quantified habitat used
by owls for breeding behaviors at a finer scale. We
defined the micro-site as the particular tree used
by the owl for foraging or day-roosting and the
forest stand as the area within a ~10-m radius of
the tree.
Foraging and Roosting Habitat
We quantified the habitat associated with fixes
of foraging and day-roosting in July 2012. To
assess whether micro-sites of foraging were important factors in habitat selection, for trees where
an owl was foraging (focal trees), we identified
the tree as live or dead, its species, its diameter
at breast height (dbh), its height (assessed with
a clinometer), and its crown volume (program
HTVOL; Mawson et al. 1976), and compared
these variables to available but unused trees. We
used the same habitat-quantification regime for
day-roosting micro-sites. We quantified variables
in the forest stand immediately surrounding foraging and day-roosting trees by the point-quarter
method (Cottam and Curtis 1956), where we
recorded the slope position, aspect, grade, canopy
closure, ground cover, and CBI, as well as the
same suite of characteristics as the focal tree for the
nearest neighboring tree in each quadrant according to two size classes (≥20 cm dbh and <20 cm
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dbh), and we compared these characteristics to
randomly selected but unused sites.

Data Analysis

We analyzed selection patterns in foraging and
day-roosting sites with a Bayesian generalized
mixed-effects model (with non-informative priors) under an information-theoretic framework.
To account for pseudoreplication, we included
territory identification as a random effect in all
models. Predictor variables correlated at r > 0.6
were not included together in models. Because
of our small sample size, we did not consider any
models with more than two predictor variables
(except for categorical “dummy” predictors such as
species of focal tree). Continuous predictors were
centered and scaled by the method of moments to
account for non-normal distributions. Predictor
variable distributions were assessed in program
R (R Core Team 2014) by means of the package “fitdistrplus” (Delignette-Muller and Dutang
2015). Hypothesized models were generated a
priori on the basis of our previous experience with
the Flammulated Owl and published literature.
We used the “widely applicable information criterion” (WAIC; Watanabe 2010) to distinguish
among models and evidence ratios (ER = Σ model
weightswith parameter/Σ model weightswithout parameter)
to assess the degree of support for particular variables given the set of candidate models.
We fitted models and associated statistics in
program R (R Core Team 2014) by using the function “map2stan” in the package “rethinking,” which
uses RStan for fitting of models. We calculated
descriptive statistics in program R and Microsoft
Excel (2013). We present all values as means and
95% confidence intervals, calculated by nonparametric bootstrapping, unless otherwise stated.

Results
Home Range

We recorded a mean of 23 (range 13–40) fixes per
male per year for five breeding males from 2007
to 2012, including two males (CN7 and CN8)
tracked in consecutive years. Seventy percent
(114 of 162) of fixes were attributed to specific
behaviors, and, of these, foraging was the most
frequently observed (n = 59; 61%), followed by
day-roosting (n = 22; 19%), territorial singing (n =
18; 16%), resting (n = 12; 11%), and other (n = 3;
3%). The mean size of a home range as estimated
by the 90% kernel (19.4; range 8.7–29.0 ha) was
~50% larger than that estimated by MCP (12.9;
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range 4.9–23.4 ha; Figure 1). All home ranges
encompassed at least one drainage bottom, where
nests were typically located, and one or more ridge
slopes and ridgetops, the latter frequently serving
as common boundaries between adjacent home
ranges (Figure 1). Qualitatively, we recorded most
territory songposts along home-range boundaries
shared among multiple males, and few where conspecific neighbors were absent. Four of five home
ranges had a single kernel core area (mean 4.3,
range 0.4–7.5 ha), whereas one had two core areas
(CN5; Figure 1). Core areas represented on average 27% of kernel home ranges (range 24–32%).
Measures of δNDVI were reliably calibrated
to field-calculated CBIs, which reflected moderately high correlation between the two metrics
(r = 0.47, p < 0.001), and CBIs of 1.0 and 2.0
(thresholds for low-to-moderate and moderateto-high severities) corresponded to δNDVI values
of –0.07 and –0.12, respectively. The MCP and
kernel-estimated home ranges contained substantially less forest burned at high severity (mean
across all territories 24.4% and 22.8%, respectively) and more low-severity burned or unburned
forest (mean across all territories 51.9% and
56.6%). In comparison, within the Hayman
Fire’s perimeter as a whole, 48.7% of the forest
burned at high severity, 33.6% at low severity or
remained unburned (Figure 1). The mean proportions of the owls’ home ranges burned at moderate
severity were 23.7% (by MCP) and 20.6% (by
kernel density), whereas within the Hayman Fire’s
perimeter as a whole that proportion was 17.7%.
In one territory (CN13), 44.7% of the forest was
burned at high severity, but this area likely was
overestimated by the δNDVI, as evidenced by
the CBIs implying fire at low or moderate severity for most use sites (mean 1.1 ± 0.2), despite
the majority of these sites lying in areas mapped
as burned at high severity by the δNDVI raster
(Figure 1). Paralleling the pattern shown by most
home ranges, kernel core areas contained a mean
of 26.3% high-severity burned forest and 56.8%
low-severity burned forest (Figure 1). Both the
MCP and kernel estimates of home-range size
trended toward a positive correlation with the proportion of area burned at high severity (r = 0.87, p
= 0.06 and r = 0.87, p = 0.06, respectively).

Foraging Habitat

Foraging fixes were most commonly recorded in
unburned or low-severity burned forest (mean
CBI = 0.78; 95% CI = 0.53–1.05), and no
foraging fixes were recorded in areas burned at

high severity (CBI > 2.0). We recorded a mean
of 11.8 (range 1–16) foraging fixes per male (n
= 59). Most foraging fixes were recorded during the nestling period (78%; 46 of 59), with
the remainder recorded during the incubation
period (22%; 13 of 59). Foraging fixes (including
general-area foraging fixes) were located a mean of
137 m (95% CI = 115–163; range 15–399) from
nests. Our sample sizes did not allow for robust
quantitative analysis of the distance of foraging
from the nest on the basis of time; qualitatively,
however, we most frequently recorded foraging
fixes in the immediate vicinity of nests (<25 m)
in the early evening and at greater distances from
nests as the night progressed. Gleaning prey from
within live tree crowns was the most commonly
observed foraging tactic by males, but we also saw
owls gleaning from tree trunks, hawking between
tree crowns, and ground-foraging from low (1–3
m high) perches.
For foraging fixes identified to specific trees (n
= 23), the most competitive models indicated that
the owls’ micro-site selection was based primarily
on the species of the focal tree (ER = 1.19) and
crown volume (ER = 1.76; Table 1). While the
models gave some support for the inclusion of
whether the focal tree was live or dead, the ER of
0.57 indicates that this may have been a result of
overfitting of the model, or that live ponderosa
pines also tended to be those trees with the greatest crown volume. Trees used for foraging had a
mean crown volume of 1195 m3 (95% CI = 890–
1518) compared to 315 m3 (95% CI = 108–577)
for available trees. Trees used for foraging were
also disproportionately ponderosa pines (61%; 14
of 23) and live (vs. dead; 91%; 21 of 23), whereas
available trees were 26% ponderosa pines (7 of 27)
and 56% live (15 of 27). Models did not indicate
Table 1. Mixed-effects models with δWAIC < 5 for
foraging micro-site selection by male Flammulated
Owls breeding within the post-burn area of the 2002
Hayman Fire in Colorado.

Model
Focal live/dead
+ focal species
Focal crown volume
Focal crown volume
+ focal species
Focal species
aWidely

δWAIC

No. of
effective
parameters

Model
weight

0.0a

6.8

0.32

0.1

7.0

0.30

1.0

10.2

0.19

2.9

6.1

0.07

applicable information criterion (WAIC) = 68.5.
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any selection based on burn severity (ER = 0.04);
mean CBIs for used and unused foraging locations
were 0.78 (95% CI = 0.53–1.05) and 0.99 (95%
CI = 0.75–1.27), respectively (both scores represent burn of low severity).

Day-roosting Habitat

Day-roosting fixes (n = 22) were most commonly
recorded in stands burned at low severity (mean
CBI = 0.93; 95% CI = 0.72–1.16); only one was
recorded in a stand burned at high severity (CBI
> 2.0). We recorded a mean of 4.4 (range 0–7)
day roosts per male. More day-roosting fixes were
recorded during the nestling period (77%; 17 of
22) than during the incubation period (23%; 5
of 22). Day roosts were frequently located within
100 m of nest trees (mean 81; 95% CI = 51–114;
range 3–256). Males typically perched within 1
m of trunks in areas surrounded by foliage within
live crowns.
The most competitive models indicated that
whether the roost tree was live (ER = 6.69) was the
most important predictor of use (Table 2). Models
also indicated some selection based on burn severity: CBI scores were slightly lower for day-roost
sites (0.93; 95% CI = 0.71–1.14) than for other
trees available in the owls’ territories (0.99; 95%
CI = 0.69–1.14), although both CBIs represent
low severity and the confidence intervals overlap
widely. The ER for CBI was 1.22. Similarly, the
models gave some support for a role of the dbh
and height of the roost tree, though ERs for these
variables were 0.41 and 0.16, respectively. These
variables’ inclusion in top models may indicate
overfitting of the models, or that live trees tended
to have a larger dbh and/or be associated with
lower CBIs. Trees in which owls day-roosted were
disproportionately live trees (96%; 22 of 23), had
an average dbh of 34.6 cm (95% CI = 29.6–39.9),
Table 2. Mixed-effects models with δWAIC < 5 for
day-roost micro-site selection by male Flammulated
Owls breeding within the post-burn area of the 2002
Hayman Fire in Colorado.
No. of
effective Model
Model
δWAIC parameters weight
6.3
0.45
Focal live/dead + CBI
0.00a
Focal live/dead + focal dbh 1.80
6.8
0.19
Focal live/dead + focal
2.60
6.7
0.12
height
Focal live/dead
3.20
4.1
0.09
Focal dbh + CBI
3.20
8.0
0.09
aWidely
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and an average height of 15.7 m (95% CI =
14.0–17.5), in comparison to 48% live (11 of
23), dbh of 21.7 cm (95% CI = 15.7–27.7), and
height of 10.2 m (95% CI = 7.6–12.8) for other
available trees.

Discussion

When establishing breeding territories, the
Flammulated Owls we studied appeared to avoid
forests burned at high severity, as home ranges
of males contained less high-severity burned area
and more low-severity burned or unburned area
than the area within Hayman Fire’s perimeter as
a whole. As estimated by MCP, the sizes of the
home ranges (mean 12.9 ha) we measured in this
study were consistent with those reported for
unburned habitats (14.2 ± 5.0 [SD] ha; Linkhart
et al. 1998), suggesting that the unburned or lowseverity burned habitats used by owls in this study
were of similar quality to those in unburned forest
studied elsewhere. In addition, the proportion of
home ranges burned at high severity was positively
correlated with home-range size, suggesting that
these high-severity burned areas represented lowquality habitat. Other studies have suggested that
intraspecific differences in the sizes of birds’ home
ranges are inversely correlated with habitat quality
(e.g., Tufto et al. 1996, Clark 2007).
In contrast to the patterns observed at the
home-range scale, our findings suggest that
Flammulated Owls’ habitat selection at finer
spatial scales (for foraging and day-roosting) does
not reflect a strong preference for or avoidance of
habitat on the basis of burn severity. The owls’
selection patterns resembled those observed in
unburned habitat (e.g., Linkhart et al. 1998).
Home ranges selected by breeding birds must
contain all the resources required for breeding,
including habitats required at finer spatial scales
(Johnson 1980). By avoiding high-severity burned
forests and selecting low-severity or unburned
forests at larger spatial scales, Flammulated Owls
may ensure that they select home ranges containing sufficient resources for all breeding behaviors
(nesting, roosting, foraging etc.). This type of
spatially dynamic habitat selection, in which
habitat-selection patterns at finer spatial scales
are contingent upon habitat-selection decisions at
broader spatial scales, has been reported across a
structurally diverse spectrum of ecosystems, from
grasslands (Chalfoun and Martin 2007, McNew
et al. 2013) to forests (McClure et al. 2012).
Overall, this strategy may reflect the owls’ evolution with regimes of fires of low and mixed severity, since the responses of animals adapted to more
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severe fires should reflect a tolerance of or preference for severely burned landscapes (Hutto 2008).
The specific micro-site characteristics the
Flammulated Owls we studied preferred for foraging and day-roosting indicated that the species
selects habitats that contain large, old ponderosa
pines with voluminous crowns, as it does in
unburned forests (Linkhart et al. 1998, Linkhart
and Reynolds 2006, 2007). This habitat structure
is specifically created and maintained by regular
low-severity fire (or the low-severity component of
mixed-severity fires; Covington and Moore 1994,
Veblen et al. 2000). The large trees the owls prefer
for foraging may be important because they offer
more prey, or because these trees may be structurally more conducive to the owls’ preferred foraging tactic of sit-and-wait/gleaning. Similarly, the
owls’ preferred day-roosting locations may provide
greater concealment which, in other owl species,
has been associated with lower risks of predation
and mobbing (Young et al. 1998, Sunde et al.
2003, Willey and Van Riper 2014).
Our results, combined with the fact that during our initial census of the area burned in the
Hayman Fire we detected no Flammulated Owls
in the largest expanses of high-severity burn, suggest that animals whose life histories are adapted
to environments maintained by fires of low and/
or mixed severity may be displaced by regimes
of high-severity fire. Our results are consistent
with other studies showing that habitat specialists
lack resilience to modification and/or fragmentation of preferred habitats (Cahill and Matthysen
2006, Owino and Ryan 2006, Mathews et al.
2014). Across the western United States, the
pattern of regimes of low- and mixed-severity
fire transitioning to those with much more highseverity fire (Huckaby et al. 2001, Miller and
Safford 2012, Fulé et al. 2014) has significant
conservation implications. Increasingly large and
more severe wildfires are predicted to occur in
the future (Westerling et al. 2006, Marlon et al.
2012, Sherriff et al. 2014), potentially causing
extirpations of animals and modifying the distribution and composition of plant communities for
decades or longer.
We observed breeding male Flammulated Owls
establishing home ranges in areas burned at a
lower level of severity than characteristic of the
Hayman burn as a whole. It is unclear, however,
if these habitats were similar enough to preferred
unburned habitats, where crown volume and
tree age at the scale of the home range have been
strongly linked to demographic success (Linkhart
and Reynolds 1997, Linkhart and Reynolds

2006), for the owl to maintain viable populations.
Indeed, a dataset larger than is presented here suggests that in the area burned in the Hayman Fire
males return to at least some home ranges at lower
rates (Linkhart unpubl. data). This reduction
may reflect either higher mortality or lower territory fidelity. Disturbance-induced demographic
effects have been reported in many other studies
(e.g., Robinson et al. 1995, Dugger et al. 2010),
including demographic effects mediated through
changes to animals’ habitat-use patterns (e.g.,
Vanderwerf 2004). For example, fire increased the
likelihood of dispersal from breeding territories
and reduced survival of male Northern Spotted
Owls (Strix occidentalis caurina) in California
(Clark et al. 2011). Further study with samples
larger than are presented here is needed for better
understanding of the Flammulated Owl’s demographic responses in burned landscapes and to
determine whether burn severity plays a mediating
role in these responses.
Given that our findings are based on only five
radio-tracked Flammulated Owls in one local
population, further study is needed with larger
sample sizes and in disparate areas across the owl’s
range to clarify the generality of our results.
Further study also is needed to develop a broader
understanding of landscape-scale responses to
modified fire regimes and climate change and to
assess species’ long-term responses across trophic
levels, especially in other areas of forests dominated by pine. Finally, rangewide monitoring of
the Flammulated Owl would be valuable in revealing population trends at landscape scales as well
as how these trends correlate with broad-scale
changes in ecosystem processes such as wildfire.
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