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The combined eﬀects of long-term ﬁre suppression, logging, and overgrazing have negatively impacted many
southwestern U.S. forests, resulting in decreased habitat quality for wildlife, and more frequent and severe
wildﬁres. In response, land management agencies are implementing large-scale forest restoration treatments, but
data on how wildlife respond to restoration treatments and wildﬁres are often limited. We investigated bed and
den site selection of American black bears (Ursus americanus) using GPS location data and a use/available study
design to assess the inﬂuence of habitat characteristics, including wildﬁres, prescribed burns, and thinning
treatments on bed and den site selection in the Jemez Mountains, New Mexico. The most supported models
suggested that black bears were more likely to select bed sites with a combination of low horizontal visibility
(β = −0.007, SE = 0.002; P = 0.002) and high stand basal area (β = 0.013, SE = 0.005; P = 0.004). The
highest-ranking model for den site selection indicated that black bears were more likely to select den sites with
low horizontal visibility (β = −0.0102, SE = 0.004; P = 0.006). Black bears used all disturbed sites to varying
degrees (45% of study area), although 48% of bed sites were located in undisturbed habitat (55% of study area)
while only 11% and 2% of bed sites were located in thinned and prescribed burn sites, respectively. Thirty-nine
percent of bed sites were located in previous wildﬁre locations; however, 67% of these sites were in areas with
low burn severity. Thirty-eight percent of den sites were located in previously disturbed habitat, 8 of these sites
were burned by wildﬁres. In order to develop eﬀective management plans for black bears, it is essential to
understand responses to landscape-scale habitat disturbances due to wildﬁres and restoration activities, all of
which are becoming more prevalent and widespread across southwestern forests. Accounting for the timing, size,
and proximity of future restoration eﬀorts would aid in mitigating potential short-term negative eﬀects on black
bears.

1. Introduction
Forests in the southwestern United States have been altered by over
a century of livestock grazing, timber harvest, and ﬁre suppression
(Swetnam and Betancourt, 1990; O’Connor et al., 2014). These anthropogenic changes have interacted with climatic variation to disrupt
natural ﬁre cycles and homogenize forest structure resulting in increased density of small diameter trees, increased canopy cover, a reduction in biodiversity, and diminished habitat quality for many
wildlife species (Covington and Moore, 1994; Touchan et al., 1996;
Moore et al., 2004). Many forest types in the Southwest are adapted to
frequent, low to moderate-severity wildﬁres (Allen et al., 1996;
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Swetnam and Baisan, 1996; Rother, 2010). However, altered forest
conditions have resulted in a shift to ﬁre regimes characterized by large,
high-severity ﬁres (Ellis, 2001; Grissino-Mayer et al., 2004). The frequency of catastrophic, stand-replacing wildﬁres in the western U.S. has
resulted in a demand to restore historical forest structure, plant species
composition, and ﬁre regimes (Allen et al., 2002). If southwestern
forests are not restored to conditions that are more resilient to wildﬁres,
the increased temperatures, drier winters, and earlier springs predicted
for the Southwest under various climate change scenarios are likely to
increase severe wildﬁre activity further (Westerling et al., 2006;
Abatzoglou and Williams, 2016).
Common restoration techniques used to mitigate wildﬁre risk focus
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environmental conditions.
In the boreal forests, black bears during the non-denning period
were reported as selecting for regenerating clear-cut stands (6–20 years
old) within their home ranges and avoiding mature coniferous forest
with open understories; regenerating stands provided the most horizontal cover and highest density and biomass of berries (Brodeur et al.,
2008). However, the time between a disturbance and black bear use
likely varies in diﬀerent forest types (Bartel et al., 2016). Additionally,
black bear habitat use varied across sex and age classes (Cunningham
and Ballard, 2004; Garneau et al., 2008), reproductive status (Schooley
et al., 1994; Benson and Chamberlain, 2010), and black bear densities
and competition (Oli et al., 2002; Garneau et al., 2008). Studies also
suggest that black bear body condition can also inﬂuence habitat use
patterns (Hellgren et al., 1989; Hellgren et al., 1993).
Denning is an evolutionary strategy for black bears to avoid inclement winter weather conditions and periods of reduced forage
(Hellgren, 1998). Den sites are critically important for the survival and
productivity of black bears; dens serve as parturition sites and provide a
secure area for extended maternal care of altricial cubs until conditions
for den emergence are favorable. Bears are particularly vulnerable to
disturbances while in the den (Linnell et al., 2000); displacement from
dens sites is energetically costly, and den abandonment can lead to
increased cub mortality (Goodrich and Berger, 1994; Swenson et al.,
1997).
Identifying large scale habitat selection patterns cannot account for
individual variation at smaller spatial scales. Black bear microhabitat
selection is likely dependent on occurrence, quality, and local abundance of cover and forage, and may be inﬂuenced by age, sex, body
condition, reproductive status, and competition with conspeciﬁcs
(Morris, 1992; Dahle and Swenson, 2003; Rode et al., 2006). Determining microhabitat selection of black bears including selection of
bed sites (i.e., resting sites) and den sites can aid in identifying habitat
characteristics that are critical for maintaining and increasing ﬁtness
(Mollohan, 1987; Cristescu et al., 2013). Because forage resources may
be limited seasonally, their eﬀects on habitat selection are likely to
become more pronounced as a result of habitat disturbances (ReynoldsHogland et al., 2007). Additionally, the availability of suitable cover is
signiﬁcant in providing thermal cover for both bed and den sites as well
as decreased susceptibility from threats such as hunter harvest, interspeciﬁc strife, and infanticide (LeCount and Yarchin, 1990). Reduced
cover and forage may result in displacement and or increased competition with conspeciﬁcs. Therefore, evaluating habitat characteristics at
these scales can contribute to development of mitigation eﬀorts where
necessary.
Our speciﬁc objectives were to assess: 1) seasonal bed site selection;
and 2) den site selection by male and female black bears. We aimed to
investigate both site selections in relation to a suite of habitat covariates
commonly associated with black bear habitat selection and any inﬂuence of wildﬁres and forest restoration treatments. Based on previous
black bear studies, we expected that bed sites would be selected in areas
of denser cover, areas providing suﬃcient escape and thermal cover.
During spring and early summer, we expected that black bears would
utilize areas within recent burns which likely provide abundant grasses
and forbs when soft and hard mast resources are not yet available, and
that hard mast resources would inﬂuence bed site selection of black
bears in autumn. We predicted that that den sites would be selected in
areas with decreased horizontal visibility, and that females would select
dens with more cover than those used by males. Investigating bed and
den selection of black bears after natural and anthropogenic disturbances will augment our understanding of how black bears may
respond to future habitat disturbances, allowing managers to make
more informed recommendations to mitigate potential negative shortterm impacts of treatments and facilitate long-term improvement of
habitat conditions for black bears.

on fuel reduction, either by conducting prescribed burning, hand
thinning trees, or removal of fuels through mechanical thins (Agee and
Skinner, 2005; North et al., 2007). Restoration projects frequently involve use of multiple treatment types on the project area (e.g., thinning
followed by prescribed ﬁre). These treatments have been shown to reduce the severity of subsequent wildﬁres (Stephens, 1998; Pollet and
Omi, 2002); however, the long-term eﬃcacy of these treatments is still
being investigated in many areas of the Southwest, including Arizona
and New Mexico (Schultz et al., 2012). Although prescribed burns and
thinning are frequently implemented to enhance habitat conditions for
many wildlife species, the eﬀects of these activities are rarely investigated (Block et al., 2001). Therefore, the direct and indirect consequences of these restoration eﬀorts are largely unknown for many
wildlife species.
Although many aspects of the ecology and life history characteristics of American black bears (Ursus americanus) are commonly investigated, our knowledge regarding responses of black bears to habitat
disturbance including wildﬁres and forest restoration treatments is
limited. Within the last decade there has been an increase in research
related to human-wildlife interactions, including how humans have
inﬂuenced bear movements (Baruch-Mordo et al., 2008; Cristescu et al.,
2013; Duquette et al., 2017), food habits (Merkle et al., 2013; Kirby
et al., 2016; Murphy et al., 2017), and population dynamics (Lewis
et al., 2014). Relatively little is known regarding the responses of black
bears to wildﬁre, prescribed burns, or thinning (but see Stratman and
Pelton, 2007; Yaklin, 2017).
Wildﬁres, prescribed burns, and thinning treatments can cause
substantial changes to habitat conditions, reducing cover (White et al.,
2001; Tredick et al., 2016), and increasing fragmentation (Mitchell and
Powell, 2003), which can result in increased interactions with hunters
and other black bears (Linnell et al., 2000; Stewart et al., 2013).
Wildﬁres and forest restoration treatments may create unfavorable
environmental conditions at least for the short-term as they temporarily
reduce forage availability, basal area, and horizontal cover, which may
result in avoidance of treated areas by bears until suﬃcient post-disturbance vegetation recovery has occurred (Hellgren et al., 2005;
Baruch-Mordo et al., 2014). For example, forage availability for black
bears varies across seasons as a result of precipitation patterns and rate
of vegetation maturation, and these factors interact with bear nutritional requirements resulting in seasonal shifts in forage consumption
(Pelchat and Ruﬀ, 1986; Auger et al., 2005). Grasses and forbs typically
emerge ﬁrst at higher elevations that receive more moisture, and they
are easily digested following prolonged periods of fasting in the den.
Therefore, increased grass and forb production following ﬁres may
provide better forage conditions during early spring when forage species with higher nutritional content are limited. Hard mast species such
as oak (Quercus spp.) mature slowly and are not available as forage until
late summer and early autumn. The availability of hard mast species
also coincides with black bear hyperphagia during autumn and has a
large inﬂuence on black bear reproductive success in the Southwest
(Costello et al., 2003).
Wildﬁres and forest restoration treatments often reduce these essential food sources for black bears until regeneration occurs after
treatments are completed. Thinning and prescribed ﬁre treatments,
used alone or in combination, can also result in temporary reduction in
total vegetation cover, and shrub cover in particular (Busse et al., 2000;
Dodson et al., 2008; Busse et al., 2009; Willms et al., 2017). The
duration of post-treatment vegetation recovery may vary between plant
species, burn severity, and post-treatment climatic conditions that inﬂuence the rate of vegetation recovery (Bartel et al., 2016). Regionally,
these treatments may have variable eﬀects on black bears which have
been documented in studies of prescribed burns (Stratman and Pelton,
2007, Yaklin, 2017). These studies suggest black bears avoid burned
sites immediately post-ﬁre, while the longer-term (e.g., 5–25 years)
responses diﬀered, likely due to the rate of post-ﬁre changes in forage
productivity and concealment cover in forests with diﬀering
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Fig. 1. Study area located in the Jemez Mountains of north-central New Mexico where bed and den site selection of black bears (Ursus americanus) was investigated
during 2015–2016. Within the last decade, this area was heavily impacted by natural and anthropogenic disturbances including wildﬁres, prescribed burns, and
thinning treatments.

2. Materials and methods

Mexico locust (Robinia neomexicana), desert prickly pear (Opuntia
phaeacantha), as well as various mushroom, conifer seeds, grasses,
sedges, and forbs. Bears also foraged on various insects such as
Formicidae, Vespidae, and Apoidea, as well as carrion, and elk (Cervus
canadensis) and mule deer (Odocoileus hemionus) neonates (Kindschuh
et al., 2016). The SFNF is open to fall black bear harvest outside the
VCNP.
Climate is semi-arid, with average yearly precipitation ranging from
43 cm (SD = 25 cm) at low elevations (e.g., 2195 m) to 58 cm
(SD = 25 cm) at higher elevations (e.g., 2471 m). Average snowfall
ranged from 73 cm (SD = 40 cm) to 305 cm (SD = 97 cm) at low and
higher elevations, respectively (Western Regional Climate Center,
2016). The climate is characterized by a monsoon precipitation cycle
with most rainfall occurring from June through September (National
Oceanic and Atmospheric Administration, 2016). Average daily high
temperatures at low elevations range from 31 °C (SD = 1.0) in July, to
average daily low temperatures of −6 °C (SD = 1.9) in January. At
high elevations, the average daily high temperature is 25 °C (SD = 0.9)
in July and the average daily low temperature is −14 °C (SD = 2.1) in
January.
Primary land uses of the area are cattle grazing, recreation and
commercial logging, which are administered by the U.S. Forest Service
(USFS) and VCNP. Currently, prescribed burning and thinning treatments are being implemented to restore forest structure and natural ﬁre
regimes following two decades of intense and frequent wildﬁres.
Thinning treatments were restoration cuts designed to restore historical
forest structure. Extensive eﬀorts were made by contractors to remove
most of the thinned trees oﬀ site for biomass utilization, even small

2.1. Study area
We conducted our study during 2015–2016 in the 85,000 ha
Collaborative Forest Landscape Restoration Program (CFLRP) area in
the Jemez Mountains, New Mexico, USA (Fig. 1). Lands are primarily
managed by the Santa Fe National Forest (SFNF; 44,690 ha) and the
Valles Caldera National Preserve (VCNP; 34,880 ha), but also includes
tribal lands owned by the Jemez Pueblo (1560 ha). Topography varied
from resurgent volcanic domes surrounded by grasslands in the VCNP,
to steep ridges, rock outcrops, canyon-lands, and mesas in the SFNF;
elevation ranged from 1795 to 3431 m. Due to elevational changes and
broken topography, vegetation types were diverse and interspersed.
Mesic, high elevation sites associated with mixed conifer communities,
including Abies arizonica, A. concolor, Picea engelmannii, P. pungens, and
Pseudotsuga menziesii, and ponderosa pine (Pinus ponderosa) forests at
moderate elevations characterized the VCNP, while the SFNF within the
study area was predominately ponderosa pine forest and pinyon-juniper
(Juniperus deppeana, J. monosperma, J. osteosperma, Pinus edulis) woodlands at more xeric, low elevation sites. Oak shrublands and quaking
aspen (Populus tremuloides) stands were often located in mixed vegetation communities at moderate to high elevations (U.S. Geological
Survey Gap Analysis Project, 2016).
Common black bear forage included bear corn (Conopholis americana), wild raspberry (Rubus spp.), wild strawberry (Fragaria vesca),
juniper seed cones, Gambel oak (Quercus gambelii), pinyon pine nuts,
gooseberry (Ribes uva-crispa), chokecherry (Prunus virginiana), New
3
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also considered a site to be a bed if body prints were observed within
the substrate, or if a depression was excavated. Other signs used to
identify bed sites included trees scraped of their bark, material raked
into clumps, claw marks on tree trunks, and scat piles in the area
(Mysterud, 1983). Before approaching these sites, we used a hand-held
telemetry antenna to conﬁrm whether a bear was in the area to minimize disturbance and to reduce bias by altering bear movements. We
did not visit sites that occurred within 50 m of a site already surveyed
for an individual bear. If more than one bed site was observed at a
cluster, we surveyed the bed site that was closest to the collected GPS
location.
We collected data on physical and vegetative characteristics at bed
sites and paired random locations. We determined the location of
random sites by selecting a random distance (i.e., 50–250 m) and
random azimuth (i.e., 1–360°) from the used site. Straight-line distance
traveled by black bears within a 1-hour period averaged 250 m (based
on movement rates of bears previously radio-collared in the study area
[n = 28]). The maximum distance of the random location increased the
likelihood that available sites occurred in similar land cover types as the
used sites, thus more accurately depicted the area available to the bear
when it decided to bed down. We chose the minimum distance of 50 m
to minimize overlap with habitat conditions recorded at bed sites. We
placed two, 30 m perpendicular lines (oriented north-south and eastwest, respectively) at the intersection of the bed site or center of paired
random site (Mollohan, 1987; Grovenburg et al., 2010) to estimate
abundance of down woody debris using the line intercept method. We
recorded the total number of woody debris ≥15.1 cm in diameter that
intersected the transect lines (Reynolds, 1966); larger decayed logs are
frequently occupied by colonial invertebrates (e.g., termites and ants)
which are a major food source for black bears (Raine and Kansas, 1990;
Noyce and Garshelis, 1997). Fire and forest thinning induced changes in
habitat structure can result in a reduction of these detritivores
(Buckingham et al., 2015) and concealing cover. Black bears are likely
to select cover with or near available forage. Black bear forage has been
shown to be limited for several years post disturbances. However, use
increased with high forage diversity and abundance 3–6 years after;
these sites were avoided as stands further matured (Lindzey et al., 1986,
Hamer, 1996; Brodeur et al., 2008). We placed a 1-m2 quadrat at 5 m
and 15 m north and south along the transect line to visually estimate
the percent cover of grasses, forbs, soft (Juniperus spp. and other berries) and hard mast (Quercus spp. and Pinus spp.), and bare ground
using Walker’s (1976) ranking method (i.e., 0%, 1–10%, 11–25%,
26–50%, 51–75%, 76–90%, 91–99%, and 100%). Visibility, canopy
cover, and stand basal area are all reduced by wildﬁres and forest restoration treatments. We used a collapsible (63 cm tall × 38 cm diameter; approximate bear resting height) cylinder with 2, 31.5 cm sections (1 white and 1 blue to distinguish both sections easily) made with
spring wire and light cloth to estimate horizontal visibility. This was a
slightly modiﬁed version of the cylinder used by Ordiz et al. (2009). We
placed the cylinder in the bed or plot center, and separately estimated
the proportion of the upper and lower sections that were visible from
10 m away along each cardinal direction when viewed from 1 m above
the ground. The categories for estimating visibility were: 0 if not visible
at all, 1 if ≤25%, 2 if 26–50%, 3 if 51–75%, and 4 if ≥76% visible. To
estimate the percentage of horizontal visibility for each site, we divided
summed visibility values by the maximum possible value (i.e., 32; the
value without any obstructing cover). We also measured the minimum
distance at which the cylinder was no longer visible from the four
cardinal directions; we averaged the four distances for each site (Ordiz
et al., 2009). Percent canopy cover was estimated using a spherical
densiometer (Forestry Suppliers, Inc., Jackson, MS, USA) while facing
away from the site at 5 m in each cardinal direction (Cook et al., 1995).
Stand basal area (m2/ha) was estimated in a 360˚ area while standing in
the bed or plot center using a 10-factor prism (Jim-Gem® Rectangular
Prisms, Forestry Suppliers, Inc., Jackson, MS, USA; Grovenburg et al.,
2010; Smith et al., 2015), and if a bear bedded against a tree, the

diameter trees that would typically be considered unmerchantable in
commercial timber sales; thus, little slash remained after restoration
thinning treatments. The most notable recent wildﬁres are the Las
Conchas Fire in 2011, and the Thompson Ridge Fire in 2013, which
burned 63,371 ha and 9698 ha, respectively (Fig. 1); the Las Conchas
Fire was mostly a high severity, stand replacing ﬁre, whereas the
Thompson Ridge Fire was mixed severity. The CFLRP aims to promote
the reintroduction of natural ﬁre regimes, making forests more resilient
to climate change (Schultz et al., 2012). The CFLRP restoration treatments were established in 2010 and are anticipated to be completed by
2020–2021. During 2010–2017, 23,067 ha (27% of the 85,000 ha
project area) were treated with either prescribed ﬁre or thinning.
2.2. Capture and monitoring
We captured black bears during the spring and summer of 2015 and
2016 using Aldrich foot snares and culvert traps placed throughout the
study area. Black bears were chemically immobilized using a mixture of
4.4 mg/kg ketamine (Ketaset, Fort Dodge Animal Health, Overland
Park, Kansas, USA) and 2 mg/kg xylazine (AnaSed, Lloyd Inc.,
Shenandoah, Iowa, USA) or a mixture of 3 mg/kg tiletamine-zolazepam
(Telazol, Zoetis Inc., Kalamazoo, Michigan, USA) and 2.2 mg/kg xylazine (Kreeger and Arnemo, 2012) via a CO2 dart pistol (Dan-Inject,
Børkop, Denmark), or pole syringe (Tomahawk, Hazelhurst, Wisconsin,
USA). Adult black bears were ﬁtted with global positioning system
(GPS) telemetry collars equipped with a VHF transmitter and a breakoﬀ
device (G2110E, Advanced Telemetry Systems, Isanti, MN, USA). Collars were programmed to collect locations every 3 h, and to transmit
locations every 72 h via Iridium satellite. Collars were also programmed
with a 12-hr mortality signal. Cubs, yearlings, and subadult (i.e.,
2–3 years old) bears were not radio-collared because of relatively rapid
weight gain and neck growth, and to avoid any GPS bias due to natal
site ﬁdelity during their ﬁrst few years of independence (Costello,
2010). We checked the ﬁt of collars on all previously captured bears
while in the den during January–March of 2016 and 2017. Collars were
adjusted, replaced, or removed as necessary. Upon completion of
handling, we administered 0.15 mg/kg yohimbine (Tocris Bioscience,
Minneapolis, Minnesota, USA) or 2 mg/kg tolazoline hydrochloride
(Zoopharm, Windsor, Colorado, USA) to reverse the eﬀects of xylazine.
When necessary, we monitored black bears from the ground using
hand-held directional antennas (Telonics, Inc., Mesa, AZ). All animal
handling procedures were approved by the New Mexico State University Institutional Animal Care and Use Committee (Protocols #
2011-028 and 2015-022) and followed acceptable methods (Sikes,
2016).
2.3. Microhabitat of bed sites
Using GPS data transmitted through the Iridium satellite system and
a cluster identiﬁcation code in program R (R Version 3.3.1, R Core
Team, 2016; Daniel and Kindschuh, 2016; Kindschuh et al., 2016), we
identiﬁed locations that formed a cluster, indicating the location of
potential bed sites. Clusters were deﬁned as ≥2 GPS locations within
50 m of each other recorded ≤24 h apart. Clusters with GPS locations
that were not consecutive were unlikely a result of bedding activity, but
rather more indicative of foraging activities. Therefore, to increase the
chance of encountering a bed site in the ﬁeld, we only investigated
clusters characterized by consecutive GPS locations. Clusters with ≥3
GPS locations that included failed GPS ﬁx attempts were only visited if
at least 2 locations were consecutive. We randomly selected a minimum
of four cluster sites/bear per month for ﬁeld visitation. Bed sites were
classiﬁed by season (summer [mating, dispersal: Jun-Aug], autumn
[hyperphagia: Sep-Dec]). Bed sites were visited within 2 weeks of
cluster formation to ensure that no signiﬁcant changes in vegetation
occurred between the date a bed site was used and data collection.
Presence of hair aided in identiﬁcation of bed sites, however, we
4
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Table 1
Structure of a priori models used to assess the inﬂuence of habitat characteristics and disturbances on bed and den site selection of American black bears (Ursus
americanus) in the Jemez Mountains, New Mexico, 2015–2016.
Site

Model No.

Model Structurea

Bed, Den
Bed, Den
Bed, Den
Bed, Den
Bed, Den
Den
Bed
Bed, Den
Den
Den
Den
Bed, Den
Bed, Den
Bed
Bed
Bed
Bed
Bed
Den
Den
Bed
Bed
Bed, Den
Bed, Den
Den
Bed, Den
Bed, Den
Bed, Den
Bed, Den
Bed, Den
Bed , Den
Bed, Den
Bed, Den
Bed, Den
Bed, Den
Bed
Bed
Bed, Den
Den
Den
Den
Den
Den
Bed
Bed
Bed
Bed
Bed

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Wildﬁre
Thin
Rx
Basal Area
Canopy
Northness
Vegetation
Visibility
VRM
Slope + Canopy
Slope + Elevation + Northness
Visibility + Basal Area
Visibility + Canopy + Basal Area
Visibility + Hard Mast
Visibility + Vegetation
Visibility + Wildﬁre
Visibility + Thin
Visibility + Rx Burn
Visibility + Elevation + Northness
Visibility + Northness
Visibility + Grass + Forb + Water
Visibility + Grass + Forb + Water + Sex × Visibility + Sex × Grass + Sex × Water
Visibility + Road + Visibility × Road
Visibility + Road + Visibility × Road + Sex × Road
Visibility + Road + Visibility × Road × Sex
Wildﬁre + Sex × Wildﬁre
Thin + Sex × Thin
Rx + Sex × Rx
Wildﬁre + Rx + Thin
Wildﬁre + Thin + Rx + Wildﬁre × Sex + Thin × Sex + Rx × Sex
Wildﬁre + Vegetation + Wildﬁre × Vegetation
Visibility + Sex × Visibility
BasalArea + Sex × BasalArea
CanopyCover + Sex × CanopyCover
Visibility + Basal Area + Sex × Visibility + Sex × Basal Area
Vegetation + Sex × Vegetation
Wildﬁre + Severity + Wildﬁre × Severity × Sex
Visibility + Vegetation + Sex × Visibility + Sex × Vegetation
Northness + Sex × Northness
Visibility + Northness + Sex × Visibility + Sex × Northness
VRM + Sex × VRM
Visibility + Elevation + Northness + Sex × Visibility + Sex × Elevation + Sex × Northness
Slope + Canopy + Sex × Slope + Sex × Canopy
Wildﬁre + Thin + Rx + Sex × Visibility
Visibility + Rx + Sex × Visibility + Sex × Rx
Visibility + Wildﬁre + Sex × Visibility + Sex × Wildﬁre
Visibility + Hard Mast + Sex × Visibility + Sex × Hard Mast
Visibility + Canopy + Basal Area + Sex × Visibility + Sex × Canopy + Sex × Basal Area

a
Variable notation: Basal Area = stand basal area, m2/ha; Canopy = percent canopy cover; Northness = northness index; Vegetation = vegetation type;
Visibility = percent horizontal visibility; VRM = vector ruggedness measure; Slope = percent slope; Elevation = elevation of site (m); Hard Mast = average
percent cover of hard mast species; Wildﬁre = site burned by wildﬁre; Rx Burn = prescribed burn site; Grass = percent grass cover; Forb = percent forb cover;
Water = distance to nearest perennial water (m); Road = distance to nearest road (m).

and cattle tanks and were identiﬁed based on geospatial data obtained
from the USFS and VCNP. Sites were also classiﬁed as thinned, prescribed burn, wildﬁre, or untreated (i.e., not subjected to wildﬁre,
thinning or prescribed burns) based on geospatial data from the SFNF
and VCNP. We classiﬁed wildﬁres as unburned, burned 2–3 years ago,
and burned ≥4 years ago; there were no wildﬁres in the year immediately prior to sampling. Wildﬁre severity was determined by a GIS
layer created by the USFS, and classiﬁed as either low, moderate, or
high. Thinned sites were classiﬁed as unthinned, thinned 1–2 years ago,
and thinned ≥3 years ago. Prescribed burns were classiﬁed as either
burned or unburned because all prescribed burns in the study area were
conducted within the previous 2–3 years of data collection. We conducted post-hoc single factor ANOVAs to determine whether use of
vegetation types was signiﬁcantly diﬀerent and to determine if a relationship existed between percent horizontal visibility and
the time since disturbance. Disturbance data included activities that

diameter at breast height (DBH [cm]) was recorded (Mysterud, 1983).
We measured the percent slope and aspect of the surrounding area (i.e.,
15 m radius) using a clinometer and compass (Suunto, Vantaa, Finland). We used 30 × 30-m resolution Digital Elevation Models (DEM;
The National Map, 2016) to calculate aspect. Aspect was converted to
values between −1 and 1 where north = 1 and south = −1 using the
aspect × π
following equation: cos 180 , (Wallace and Gass, 2008; ArcMap
10.3.1 [Esri, 2002]). We created a Vector Ruggedness Measure (VRM;
neighborhood size 3) layer within GIS using the Benthic Terrain
Modeler (Walbridge et al., 2018) to determine a ruggedness value for
each site. Vegetation types were classiﬁed as: ponderosa, mixed-conifer,
pinyon-juniper, oak, aspen, grassland, or other by determining the
dominant cover type (e.g., ≥50%) within a 15 m radius from the center
of each site; our mixed conifer classiﬁcation included spruce-ﬁr cover.
We determined the distance (m) to nearest perennial water source using
GIS. Water sources included perennial streams, lakes, wildlife drinkers,
5
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levels for categorical covariates included aspen for vegetation type, low
for burn severity, and unthinned or unburned for thinning, wildﬁre and
prescribed burns. We then used mixed eﬀects conditional logistic regression using the mclogit package in program R (Elﬀ, 2016, R Version
3.3.1, R Core Team, 2016), with bear ID as a random eﬀect (Duchesne
et al., 2010). For den site selection, none of the variables were highly
correlated (r ≥ 0.6). We used the R package mclogit (Elﬀ, 2016, R
Version 3.3.1, R Core Team, 2016) to run conditional logistic regression
to evaluate a priori models (Table 1).
Model support was assessed using Akaike information criterion
(AICc) corrected for small sample sizes (Burnham and Anderson, 2002).
We used model weights (wi) as an indication of support for each model
(Burnham and Anderson, 2002). Competing models were evaluated for
uninformative parameters following Arnold (2010). When competing
models performed poorer than the highest ranking model with the
addition of a single predictor variable, we considered the more complex
model to contain an uninformative parameter (Arnold, 2010) and excluded these models unless the change in deviance supported the additional parameter. These models with uninformative parameters were
discarded (Arnold, 2010).

occurred during 1995–2016.
2.4. Microhabitat of den sites
To assess microhabitat characteristics at den sites, we monitored
GPS locations intensively starting in early October until mid-December.
Once GPS locations and transmissions ceased, we visited the last collected ﬁx location and used VHF radio-telemetry to locate the den site.
We waited at least a month post den entry to locate the den to minimize
disturbance and to reduce the chance of den abandonment.
Dens used by male black bears, and females expected to have
yearlings were visited in January, while females expected to have cubs
of the year were not visited until March. Observations throughout the
previous summer and autumn (e.g., cub sign at visited GPS locations)
aided in determining the status of oﬀspring. To increase the number of
dens surveyed, we also located den sites from black bears (n = 9) ﬁtted
with GPS collars during 2013 and 2014 as part of a diﬀerent investigation within the study area. We recorded the dominant vegetation
type, slope, and aspect within a 15-m radius, elevation, canopy cover,
stand basal area, and horizontal visibility. The cover cylinder was
placed in front of the den entrance to estimate horizontal visibility from
10 m away in the 4 cardinal directions (Libal et al., 2012). We noted
whether the site was located in a burned or thinned area. Using
ArcMap, we determined the distance to the nearest disturbance. Wildﬁres, prescribed burns, and thinned areas were categorized as described
above. We created a VRM for all den sites as described for bed locations.
A paired random site within 200–700 m of the den site was also surveyed for the same microscale characteristics (Martorello and Pelton,
2003). This buﬀer distance aimed to reduce overlap of habitat characteristics that may be found within 200 m of the used site but should
still have represented an area where a bear could choose to den. To
obtain an accurate representation of cover present when the bear ﬁrst
entered the den, visibility data were collected during autumn when the
bear entered the den, and the remaining data were collected during the
winter at a den visit. If surveyed in the spring, there would likely have
been higher visibility estimates because winter conditions reduce herbaceous vegetation. To assess den site selection on a larger scale, we
calculated 95% ﬁxed kernel home ranges using Geospatial Modeling
Environment (0.7.4, Beyer, 2016) for each bear and used each individual’s home range to create a buﬀer around each den site using
ArcMap 10.3.1 (Pigeon et al., 2016). Within each buﬀer we generated
10 random locations then extracted covariate values to these random
locations in GIS.

3. Results
3.1. Microhabitat of bed sites
We analyzed data from 24 radio-collared bears (10 F, 14 M) marked
during 2015 and 2016. We surveyed 302 used bed sites, and 302 paired
random locations; 169 sites were used by female black bears (87 in
summer and 82 in autumn), and 133 were used by males (82 in summer
and 51 in autumn). The number of clusters surveyed among individuals
varied due to collar placement date, collar failures, hunter harvest, and
periodic movements to inaccessible tribal lands. Individual black bears
demonstrated repeated use of the same bed sites; this was determined
by diﬀerent age and composition of scats present at the sites, and GPS
data which indicated the bear had visited sites more than once.
The majority of bed sites (33%) were located in mixed conifer forest
(28% of study area), while the remaining bed sites were found in
ponderosa (22.5%; 38% of study area), oak (22.5%; 1% of study area),
pinyon juniper (14%; 15% of study area), aspen (7%; 3% of study area),
and grassland (1%; 13% of study area). Other vegetation types consisted of 2% of the study area; there were no bed sites within these
cover type. Mean horizontal visibility at bed sites diﬀered by vegetation
type (F3,240 = 2.71, P = 0.03); visibility was 27% (SE = 1.89) in mixed
conifer forest; 33% (SE = 2.17) in ponderosa forest; 34% (SE = 4.97)
in oak patches, 16% (SE = 6.97) in pinyon-juniper, and 37%
(SE = 4.75) in aspen. Forty-eight percent of the sites were located in
unburned or unthinned locations (55% of the study area), while 39% of
used sites were located in previous wildﬁre areas (32% of the study
area), 11% in thinned areas (6% of the study area), and only 2% of used
sites were located within a prescribed burn (7% of the study area). The
majority of bed sites located within previous wildﬁre areas were in
areas that burned at a low severity (67%; 44% of study area burned by
wildﬁre), while moderate (19%; 33% of study area burned by wildﬁre)
and high (14%; 23% of study area burned by wildﬁre) severity burn
sites were used less frequently. Mean horizontal visibility at bed sites
located within wildﬁre areas diﬀered by age of the ﬁre (F1,118 = 4.60,
P = 0.03); however, there was no diﬀerence in horizontal visibility
between diﬀerent forest thinning ages (F1,31 = 0.67, P = 0.42).
Horizontal visibility in wildﬁre sites that burned 2–3 years prior to bed
use was 33% (SE = 2.32); in sites that burned ≥4 years prior, visibility
was an average of 24% (SE = 3.16). In thinned locations treated
1–2 years prior to bed use, the mean horizontal visibility was 40%
(SE = 4.81); at sites that were thinned ≥3 years prior, mean visibility
was 47% (SE = 6.39). The average visibility at undisturbed sites was
27%. Used sites were generally well concealed; sites were no longer
visible after a mean distance of 12 m (SE = 2.10), canopy cover

2.5. Data analysis
For both bed and den site selection analyses, we tested predictor
variables for multicollinearity using the Pearson correlation coeﬃcient
(r). If any variables were correlated (r ≥ 0.6), then they were not used
in the same model. We then created a set of a priori models (Table 1) to
assess the inﬂuence of habitat characteristics and disturbances on bed
and den site selection; we used the same a priori model set to assess the
inﬂuence of habitat variables and disturbances on den selection at the
95% home range scale. We developed a suite of core models base on
factors we believed could inﬂuence selection of bed or den sites by
black bears. To determine if there were diﬀerences in the most supported models for bed and den site selection of male and female bears,
we added interaction terms between sex and habitat covariates included in each model. Because, we did not have suﬃcient data to implement models with sex × season × habitat covariate interactions, we
subset the data to determine if the inﬂuence of habitat characteristics
and disturbances on selection diﬀered by season.
For bed site selection, the minimum distance the cover cylinder was
visible and horizontal visibility were correlated (i.e., ≥0.697). The
latter was considered more biologically meaningful, therefore
minimum distance values were not included in the analysis. References
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that combined seasons (Table 2). While the same variables were in the
top models when evaluating selection irrespective of season, subsetting
data by season resulted in lower model support for the top-ranking
model. However, the magnitude and direction of the parameter estimates were similar (Table S.2, Supplementary material).

Table 2
Five highest ranking a priori models for American black bear (Ursus americanus)
bed site selection in the Jemez Mountains, New Mexico, 2015–2016. Maximized
log likelihoods, total parameters (K), Akaike’s information criterion adjusted for
small sample sizes (AICc), ΔAICc, and Akaike weights (wi) are given.
Model Structurea

K

Log-likelihood

AICc

ΔAICc

wi

Visibility + Basal Area
Visibility + Canopy + Basal Area
Visibility + Hard Mast
Visibility
Basal Area

3
4
3
2
2

−618.775
−618.579
−620.877
−623.008
−623.423

1241.6
1243.2
1245.8
1248.0
1248.9

0.00
1.62
4.21
6.46
7.29

0.578
0.257
0.071
0.023
0.015

3.2. Microhabitat of den sites
We surveyed 26 dens sites which were used by 23 black bears (10 F,
13 M). Most den sites were associated with boulders (n = 21), nine of
which required digging to construct a cavity, while eight required little
eﬀort other than adding bedding materials to an existing cavity. The
remaining four rock dens were natural caves. Dens not located within a
rock cavity were all constructed by female bears and were excavated
into the side of a slope (n = 4) and into a large (≥51 cm) downed
decaying tree (n = 1). Of the den sites surveyed, 38% were located in a
previously disturbed area (45% of the study area); eight (i.e., 31%) dens
were located within a previous wildﬁre site (32% of the study area). Of
the dens located in previous wildﬁre areas, four were in low severity
(44% of area burned by wildﬁre), three were in moderate severity (33%
of area burned by wildﬁre), and one was in high severity burn (23% of
area burned by wildﬁre). These wildﬁre sites were burned during 2011
or 2013. There were no den sites located in prescribed burned areas
(7% of study area), and only two were located in thinned areas (6% of
study area). Both den sites located in thinned areas were selected just
months after the thinning treatment occurred. The majority of dens
(38%) were in mixed conifer (28% of study area), while the remaining
sites were in oak (23%; 1% of study area), ponderosa (23%; 38% of
study area), pinyon juniper (12%; 15% of study area), and aspen (4%;
3% of study area).
The highest-ranked model for den site selection included only horizontal visibility (wi = 0.682, Table 4) and had almost 8 times the
support of the second highest ranking model (wi = 0.086, Table 4),
which included horizontal visibility, canopy cover and basal area.
Models with interaction terms between habitat covariates and sex had
more support than in the bed site models, but were still relatively unsupported (wi = 0.027–0.029, Table 4), compared to the two highest
ranking den site models. Black bears selected for den sites with less
visibility (Table 5). The 95% ﬁxed kernel home range scale did not
elucidate den site selection either; all models were not well supported
and 95% conﬁdence intervals for all parameter estimates in highest
ranking models included zero (Tables S.3, S.4, Supplementary material).

a
Variable notation: Visibility = percent horizontal visibility; Basal Area =
stand basal area, m2/ha; Canopy = percent canopy cover; Hard Mast =
average percent cover of hard mast species.

averaged 65%, and in instances where a bear bedded against a tree, the
mean DBH was 53 cm (SE = 4.68) suggesting that larger diameter trees
are selected to provide additional cover. The mean minimum distance
that random locations were no longer visible was 21 m (SE = 1.87) and
average canopy cover at random locations was 60%.
The highest ranked bed site model included horizontal visibility and
basal area (wi = 0.58) and the second highest ranking model
(wi = 0.26) included horizontal visibility, basal area, and canopy cover;
however, the highest ranking model had over two times more support
than the second ranking model (Table 2). Models including interaction
terms between sex and habitat covariates ranked lower than the reduced model structures without interaction terms indicating little
support for sex-speciﬁc diﬀerences in the inﬂuences of habitat characteristics on bed site selection by black bears; parameter estimates for
interaction terms also had 95% conﬁdence intervals that encompassed
zero. Black bear bed sites were more likely to occur in areas with decreased horizontal visibility and increased basal area (Table 3). Based
on the second highest ranking model, bed sites were also more likely to
occur in areas with higher canopy cover (Table 3). Models including
covariates for wildﬁres or restoration treatments were not among the
most supported models, most likely because bed site-random site pairs
were typically in the same disturbance class, thus including these
covariates in the models were not particularly informative to assess bed
site selection at the spatial scale used in our study. We did not include
coarse woody debris, percent cover of bare ground or percent cover of
soft mast in any models as there were too few sites with these components.
The highest-ranking model for summer bed sites included horizontal
visibility and basal area (wi = 0.41), and the highest-ranking model for
autumn locations surveyed was basal area (wi = 0.31; Table S.1,
Supplementary material). Model structures of the highest ranking
models for both summer and fall were almost identical to those models

4. Discussion
Following our investigation of numerous habitat characteristics, bed
site selection was most related to horizontal visibility and basal area.
Decreased visibility at sites due to obstruction from boulders, vertical
and horizontal vegetation cover, downed logs and increased stand basal
area were most strongly related to bed site selection by black bears. We
did not detect any important diﬀerences when modeling bed site selection between sexes and seasons, suggesting that both male and female black bears select bed sites in a similar manner and require sufﬁcient cover, or that diﬀerences in selection between sexes may have
been related to habitat characteristics unsampled during our study.
Mollohan (1987) reported similar results of bed sites selected by black
bears in Arizona. Black bears in this study primarily selected for security cover and 64% of sites had less than 5 m of visibility.
Cunningham et al. (2003) surveyed habitat characteristics at paired
used and random locations, however their random locations were
generated within a larger scale and placed throughout their entire study
area. Yet, despite the extensive distance between used and random
locations used by Cunningham et al. (2003), their results also indicated
that black bears selected for increased cover. Black bears in our New
Mexico study demonstrated repeated use of sites, suggesting that areas

Table 3
Parameter estimates, standard errors, and P-values for the ﬁve highest ranking
models for American black bear (Ursus americanus) bed site selection in the
Jemez Mountains, New Mexico, 2015–2016.
Model No.

Covariate

Estimate

SE

P

12

Visibility
Basal Area
Visibility
Canopy
Basal Area
Visibility
Hard Mast
Visibility
Basal Area

−0.007
0.013
−0.007
0.002
0.012
−0.008
0.047
−0.008
0.014

0.002
0.005
0.002
0.003
0.005
0.002
0.023
0.002
0.005

0.002
0.004
0.003
0.532
0.014
0.002
0.041
0.002
0.003

13

14
8
4

a
Variable notation: Visibility = percent horizontal visibility; Basal
Area = stand basal area, m2/ha; Canopy = percent canopy cover; Hard
Mast = average percent cover of hard mast species.
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Table 4
Five highest ranking a priori models for American black bear (Ursus americanus) den site selection in the Jemez Mountains, New Mexico 2013–2016. Maximized loglikelihoods, number of parameters (K), Akaike’s information criterion adjusted for small sample sizes (AICc), ΔAICc, and Akaike weights (wi) are given.
Model Structurea

K

Log-likelihood

AICc

ΔAICc

wi

Visibility
Visibility
Visibility
Visibility
Visibility

1
3
4
4
4

−49.965
−49.901
−49.878
−49.957
−49.961

102.0
106.1
108.3
108.5
108.5

0.00
4.14
6.32
6.48
6.49

0.682
0.086
0.029
0.027
0.027

+
+
+
+

Canopy + Basal Area
Northness + Visibility × Sex + Northness × Sex
Basal Area + Visibility × Sex + Basal Area × Sex
Road + Visibility × Road + Sex × Road

a

Variable notation: Visibility = percent horizontal visibility; Canopy = percent canopy cover; Basal Area = stand basal area m2/ha; Northness = northerly aspect
value; Visibility × Sex = interaction eﬀect between visibility and sex of bear; Northness × Sex = interaction eﬀect between northness value and sex of bear; Basal
Area × Sex = interaction eﬀect between basal area and sex of bear; Road = distance to nearest road (m); Visibility × Road = interaction eﬀect between visibility
and the distance to nearest road (m); Sex × Road = interaction eﬀect between the sex of bear and the distance to nearest road (m).

vegetation growth in the understory following the ﬁres. Therefore,
older age burned areas are likely to provide more cover for black bears
than recent burn sites. Areas thinned 1–2 years prior to bed use had
similar horizontal visibility as sites thinned ≥3 years prior (40% vs.
47%) which is potentially related to slower regeneration times in
thinned areas. Mechanical treatments can disturb the soil through
scariﬁcation, skidding logs, and piling slash, which does not closely
simulate natural phenomenon; rather, this process can impact the rhizomes and root crowns of reproducing vegetative plants, resulting in
their overall decline (Zager et al., 1983). Additionally, some thinned
areas were burned 3–5 years after thinning treatments to remove residual woody debris. Therefore, these prescribed ﬁres could increase
visibility.
Black bears may have been able to meet some of their foraging
needs by selecting bed sites in close proximity to areas with forage. For
example, during fall 2015, ﬁve radio-collared females used the same
ridge for several weeks bedding and feeding on acorns that were relatively patchy in distribution. Concurrently, most male bears were found
at lower elevations foraging on pinyon pine nuts, prickly pear, and
acorns, all of which were more abundant in their distribution. However,
because bear forage was commonly located near both used and random
sites, covariates associated with forage were not informative in predicting bed site selection, at least not at the scale of our analyses.
However, many bed sites (i.e., 64%) were within or adjacent to forage
sites, providing habitat characteristics associated with both security
cover and foraging opportunities. For example, many downed woody
debris were found recently torn apart, likely the result of black bears
searching for invertebrates within these logs. Typically, these areas had
less vegetation, and a bear would bed against the logs which provided
considerable cover. Also, a high percentage of grass, forbs, and mast
producing shrubs provided suﬃcient cover and forage. Similarly,
Mollohan (1987) classiﬁed 40% of sites sampled as feeding-bedding
sites; these sites had increased cover compared to sites only used for
feeding. LeCount and Yarchin (1990) reported similar results from a
separate black bear population in Arizona; bed sites had denser cover
than feeding sites.
Overall, few studies have investigated bed site selection in bears.
Although black bear bed site selection has been described previously,
most studies relied on VHF radio-collars, resulting in low sample sizes
(Wenzelides, 1998; Cunningham et al., 2003), sites that were not surveyed on the ground (Rayl et al., 2014), or sites that were surveyed for
only one sex (Mollohan, 1987). In addition, some studies only surveyed
the most accessible sites, or focused on surveying sites used during
certain time frames (i.e., 0830–1800, 0900–1500; Huusko, 2012;
Skuban et al., 2017). Regardless of some of the diﬀerences in sampling
designs in previous studies, selection of bed sites by bears has most
often been associated with increased horizontal cover and steeper
slopes (Mollohan, 1987; LeCount and Yarchin, 1990; Cunningham
et al., 2003). However, only one study has described bed areas in relation to a wildﬁre (Cunningham et al., 2003), and none to our
knowledge have described black bear bed site selection in relation to

Table 5
Parameter estimates, standard errors, and P-values for the ﬁve highest ranking
models for combined American black bear (Ursus americanus) den site selection
in the Jemez Mountains, New Mexico, 2013–2016.
Model No.

Covariate

Estimate

SE

P

8
13

Visibility
Visibility
Canopy Cover
Basal Area
Visibility
Northness
Visibility × Sex
Northness × Sex
Visibility
Basal Area
Visibility × Sex
Basal Area × Sex
Visibility
Road
Visibility × Road
Sex × Road

−0.010
−0.010
0.003
0.003
−0.010
−0.007
0.001
0.136
−0.010
0.003
−0.001
−0.003
−0.010
0.00009
−0.00001
0.0001

0.004
0.004
0.010
0.025
0.005
0.332
0.008
0.454
0.005
0.023
0.008
0.043
0.005
0.001
0.0001
0.001

0.006
0.008
0.733
0.903
0.054
0.982
0.934
0.764
0.054
0.896
0.982
0.943
0.006
0.929
0.999
0.932

39

34

23

a
Variable notation: Visibility = percent horizontal visibility; Canopy = percent
canopy cover; Basal Area = stand basal area, m2/ha; Northness = northly
aspect value; Visibility × Sex = interaction eﬀect between visibility and sex of
bear; Northness × Sex = interaction eﬀect between northness value and sex of
bear; Basal Area × Sex = interaction eﬀect between stand basal area, m2/ha
and sex of bear; Road = distance to nearest road (m);
Visibility × Road = interaction eﬀect between visibility and the distance to
nearest road (m); Sex × Road = interaction eﬀect between the sex of bear and
the distance to nearest road (m).

of suﬃcient cover for bed sites, and or areas with suﬃcient cover near
forage resources may be limited throughout the year. Alternatively,
black bears may simply be displaying site ﬁdelity to speciﬁc bed sites.
Categorical covariates for wildﬁres, prescribed burns and thinning
treatments were not among our most supported models for either bed or
den site selection likely because of the paired data collection at used
and random sites. We constrained our paired random sites to less than
250 m for bed sites and 700 m for den sites because we wanted to make
sure that our available sample was drawn from within an area that
could reasonably be considered as available to our study animals at the
time they used the bed or den sites. However, this constraint resulted in
most of our used-random site pairs having the same classiﬁcation for
thinning, wildﬁre and prescribed ﬁres, thus reducing the utility of these
covariates in distinguishing between used and random sites in our
models. However, because wildﬁres and restoration treatments can
reduce understory vegetation, a primary structural component aﬀecting
horizontal cover in our study, as well as basal area (Busse et al., 2000;
Dodson et al., 2008; Busse et al., 2009; Willms et al., 2017), both disturbance types may temporarily aﬀect availability of areas with conditions suitable for black bear bed sites. Sites that were burned
2–3 years prior to use had higher horizontal visibility than sites that
were burned ≥4 years. This change in visibility was likely a result of
8
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denned exclusively in tree cavities. Disturbances such as wildﬁres and
restoration treatments are likely to inﬂuence den site selection of black
bears to some degree, although bears have demonstrated a strong capacity for adaptability. Continued monitoring of den site selection in
these areas will aid in restoring and preserving suitable cover near den
sites.

forest thinning or prescribed burn treatments.
Variation in signiﬁcant covariates for black bears between our study
and those in Arizona may have been due to habitat diﬀerences as a
result of wildﬁres and restoration treatments. Cunningham et al. (2003)
found that the number of food-plant species available, horizontal cover,
shrub density, and vegetative cover within 0.91 to > 4.6 m were all
greater at mid-day used sites compared to random locations. Mollohan
(1987) and LeCount and Yarchin (1990) did not report any wildﬁre
activity, and neither reported details regarding forest restorations.
Thirty-nine percent of our bed sites were within an area burned by a
wildﬁre (32% of the study area), most of which were located in areas
that burned at a low severity (44% of the study area). Vegetation frequently has slower regeneration times in areas subjected to high severity ﬁres compared to areas that burn at low severity (Chambers
et al., 2016), which could explain the lower number of bed sites in areas
with high burn severity in our study. Several prescribed burn and
thinning treatments occurred after a wildﬁre had already disturbed the
landscape, and there were very few used bed sites located within these
areas. If a prescribed burn or thinning treatment occurred within the
same year as a wildﬁre, then that site was classiﬁed as a wildﬁre. While
previous wildﬁre sites provided thick horizontal cover several years
post burn, prescribed burn sites did not have this response as they were
treated more recently and vegetation responses were mostly limited to
herbaceous vegetation providing little security cover. Thinned sites
used by bears in our study were subjected to additional treatments, and
many did not have time for suﬃcient recovery of the shrub layer that
would provide the most horizontal cover for black bears. Thus, black
bears likely avoided bedding in recent prescribed burn and thinning
sites due to reduced horizontal cover. These sites were essentially large
areas of open understory with little horizontal cover. However, the
VCNP conducted salvage logging post wildﬁre. Although this removed
signiﬁcant amounts of timber, a considerable amount of slash was left
behind. For the few sites surveyed in areas subjected to post-ﬁre salvage
logging, horizontal cover in the form of slash may have been a substantial factor for black bears in those areas. However, most thinning
projects in the study area, were restoration thins and extensive eﬀorts
were made to remove all usable biomass from the site, even small
diameter trees that would be left behind during typical salvage logging
operations.
Decreased horizontal visibility was the most informative habitat
characteristic distinguishing den sites. Additional covariates included in
the analysis were not useful for predicting den site selection at either
spatial scale we assessed, and we did not detect any diﬀerences between
sexes. Dense cover at den sites likely provided increased security and
thermal cover (LeCount and Yarchin, 1990) and is consistent with
previous studies on den site selection of black bears which documented
selection of dens with increased horizontal cover. For example, Waller
et al. (2013) investigated den site selection at three spatial scales (i.e.,
15 m, 100 m, 1000 m), and detected selection for increased cover at the
100 m spatial scale. In North Carolina where forestry practices are
extensive, black bears have adapted to using brush and nest dens, which
had a greater cover density, including taller shrubs and increased stem
densities (Martorello and Pelton, 2003). A few brown bear studies have
also collected data at ﬁne scales to assess the selection process and have
reported similar results (Libal et al., 2012; Pigeon et al., 2016). Although there was some variation in habitat characteristics related to
selection among these studies, all suggest that cover is a key habitat
component for selection of den sites. Den sites in our area may not be
limited in their availability due to an abundance of rocky terrain and
canyons; however, the increased removal of vegetative cover from
wildﬁres and restoration treatments may result in more black bears
using rock sites for denning. White et al. (2001) documented changes in
den use when resources were limited in an area managed for timber.
Because few trees in this managed area ever reached a suitable condition for denning (e.g., large diameter), black bears instead denned on
the ground, while bears in a wildlife refuge not managed for timber

5. Conclusions
This study represents the ﬁrst research conducted on bed and den
site selection of black bears in New Mexico and is based on a large
sample size from both male and female black bears in a forested
landscape subjected to repeated disturbances from wildﬁres, prescribed
burns, and thinning treatments. Black bears in this study have demonstrated selection of increased cover patches despite the extensive
distribution of previously disturbed areas. With an increasing footprint
of restoration treatments and large-scale wildﬁres, black bears may be
required to adjust to changes in horizontal cover and perhaps vertical
cover as well. While small disturbances are beneﬁcial because they
create a mosaic of habitat types and stand ages, large-scale, homogenous treatments may result in altered distribution and habitat use
patterns of black bears until suﬃcient cover has regenerated following
the disturbances. Managers may consider the timing and scale of restoration treatments to minimize their eﬀects on black bear bed and den
sites. Because their resources are spatially and temporally isolated
across the landscape, identifying signiﬁcant habitat components is critical for pragmatic management decisions. Strategic planning for future
treatments may include preserving patches of suitable bear forage (e.g.,
hard [oak], and soft mast producing species) and cover within large
prescribed ﬁre and thinning treatments. Additional data, monitoring
the time between treatments and other disturbances and use by black
bears would also be informative for predicting long-term use by bears.
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