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Abstract

Public scrutiny over management of black bears ( Ursus americanus) in Oregon resulted in the passing of a referendum to ban the
use of dogs and bait (o hunt bears in 1994. Challenges to bear management necessitate the application of regionally derived
biclogical information to bear management. The overall objective of this rescarch was to define habitat characteristics that influ-
ence the autecology ol female black bears in Oregon. Becuuse habitat-selection processes operating al liner resolutions (¢.g.. the
home range) are inevitably the product of landscape characteristics, we chose 1o study selection al both the home range and
landscape scale. We radio-rracked 14 adult female black bears from June 1993 (o December 1995 in the central Cascades ol
Oregon to determine home-range size and analyze habitat selection. Locations were classified to one of six habitat classes based
on stand structure, and digitally overlaid onto a habitat map produced from a LANDSAT Thematic Mapper scene of the study
area. A geographic information system was used o determine habitat characteristics at known and random locations; chi-square
and logistic regression technigues were used (o analyze habitat use. Fernale black bears were associated with open-cancpy sap-
ling/pele and open cunopy marure timber, apparently selecting for a combination of foraging opportunities and sccurity cover.
Furthermore, black bears were negatively associated with roads and positively associated with streams. Consequently, roads
located along watercourses may inhibit the use of riparian areas by bears. Understanding how forest-management practices
influence the availability and use of habitats for black bears, and applying this knowledge to bear-management strategics, will
ensure that management plans are based on the best available science, and confer greater credibility 1o state agencies from an
increasingly informed and involved public.

Introduction Although data on habirat use obtained from stud-
ies in adjacent western states is sonmewhat appli-
cable to Oregon {Beecham 1983, Lindrzey and
Meslow 1977, Poelker and Hartwell 1973), the
composition of black bear habitat may differ con-
siderably among states with varying vegeration
communities. We studied home ranges and habi-
tat use of female black bears at two scales by use
of radio telemetry between June 1993 and De-
cember 1995 on the Willamette National Forest
in the central Cascades of Oregon. The overall
objective of this study was to examine habitat use
of black bears in a managed forest. Specific ob-
Jectives were to: (1) determine home-range sizes
of female black bears; (2) compare habitat char-
acteristics of known locations to random loca-
tions generated within home ranges; (3} compare
habitat use and availability of habitats within home
ranges; and 4) compare habitat use and availabil-
ity within the range of the study-area population.

Managed as a game species under the authority
of the Oregon Department of Fish and Wildlife
(ODFW), the black bear population in Oregon
was estimated at 25,000 animals statewide (ODFW
1992). In recent years, black bear management
has become increasingly controversial, culminating
in a public referendum in 1994 that banned the
use of dogs and bait to hunt black bears. Chal-
lenges to bear management underscore the ne-
cessity of using the best available information to
tormulate black bear management guidelines. In
addition to demographic data, maintaning viable
black bear populations requires information on
black bear ecology. Specifically, understanding
how female black bears interact with their envi-
ronment is important because habitat quality and
quantity affect reproductive potential (Pelchat and
Ruff 1986. Reynolds and Beecham 1980).
Information on habitat use by black bears in
Oregon is limited (Barber 1983, McCollum 1973). Study Area

‘Current Address: 1335 Fish Hatchery Road. Jackson, WY This research was conducted near Qukridge, Or-
83001, USA egon on the Rigdon Ranger District of the
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Willamette National Forest (Figure 1). The study ness, was extensively managed for timber pro-

area was located on the western slope of the Cas- duction and supported an extensive road network,
cade Mountain Range and encompassed approxi- Clearcutting, the predominant logging method,
mately 134,500 ha. Most of the area, with the produced a matrix of regenerating timber stands
exception of the adjacent Diamond Peak Wilder- typically < 45 years old interspersed with
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tigure 1. Location of female black bear study in the central Oregon Cascades. 1993-1993.
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unmanaged forest > 80 years of age. In Scptem-
ber 1988, an arson fire (the Shady Beach Burn)
burned 3,708 ha of forest; much of the burned
timber was subscquently clearcut resulting in
extensive areas of grass-forb habitat surrounded
by mature forest characlerized by numerous canopy
gaps and snags.

Study area elevations ranged from 460 m to
2,460 m at the surnmit of Diamond Peak. Most
ridgetops were approximalely 1,300 m, The to-
pography was highly dissected due to glaciation
and stream erosion, and was extremely rugged
(Hemstrom ct al. 1987). Two major watercourscs,
Hills Creek and the Middle Fork of the Willamette
River, drained the area. Annual precipitation ranged
from about 114 ¢m to over 173 ¢m on the higher
ridges. Snow below 900 m was transient and
drought conditions in summer were ComInorn.
Temperatures ranged from approximately -12 C
in winter to highs near 38 C in summer.

Dense stands of Douglas-fir (Pseudorsuga
menziesii) dominated dry, low-elevation sites
(Franklin and Dyrness 1973) and quickly regen-
erated in canopy gaps. Moist, low-elevation for-
ests {below 1,000 m) consisted primarily of the
western hemiock (Tsuga heterophyila) series.
Higher elevations (900 m to 1.500 m) were domi-
nated by the Pacific silver fir (Abies amabilis)
series including Douglas-{ir. western hemlock, and
mountain hemlock {Tsuga mertensiana). Grassy
openings on south slopes contained manzanita
(Arctostaphvlos columbiana) and Pacific madrone
(Arbutus menziesii). Common understory species
found throughout the area included Oregon grape
{Berberis nervosa). salal (Gauwltheria shallion),
rhododendron (Rhododendron macrophivlim), and
several species of huckleberry (Vaccinivm spp.).

Methods

Bear Captures

We captured female black bears in Aldrich foot
snares (Flowers 1977) in spring 1993-1995, and
immobilized them with tiletamine hydrochloride
and zolazapam {Gibeau and Paquet 1991) using
a jab stick or capture rifle. Following induction,
we radiocollared the bears and extracted a pre-
molar tooth to estimate age (Stoneberg and Jonkel
1966). Bears were monitored to ensure their safe
recovery, and we did not track them until > 24
hours had passed to allow for resumption of nor-
mal activities.

Radiotslemetry

Bears were radio-tracked {rom the ground dur-
ing June 1993-Drecember 1993, and we attempted
to evenly distribule the locations into three time
periods: dawn-1000, 1000-1500, and 1500-dusk.
Each bear was located approximately every other
day, for an average of three locations per week.,
Locations were determined using a combination
of triangulation (Nams and Boutin 1991}, hom-
ing (White and Garrott 1990), and direct obser-
vation. To triangulate, azimuths were taken from
known locations and immediately plotted onto
7.5-minute United States Geological Survey
{USGS) orthophoto quadrangle maps. The bear’s
location was estimated as the center of the error
triangle created from the intersection of 3 bear-
ings (Nams and Boutin 1991). The minimum time
allowed to get three inlersecting bearings was ap-
proximately 30 minutes, after which the previ-
ous bearings were discarded and the process re-
peated. Error triangles that encompassed more than
one habitat necessitated using the homing method
in which the observer walked along the habitat
edges contained within the triangle until one habitat
was determined to contain the animal. Disturbance
was minimized by not directly walking towards
the bear and by not approaching bears any closer
than necessary 1o classify the occupied habitat.
If, based on bear activity, we believed we may
have caused the bear to move, the subsequent
location was not used for habitat analyses. Weak
or reflected signals due to dense vegetation and
rugged lopography also at times prohibited clas-
sifying a location to habitat. In such cases the tri-
angulation was used only for home range calcu-
lation purposes.

Error trials were conducted using 61 locations
of test transmitters. Transmitier placement was
as unbiased as possible to approximate actual bear
tracking, and locations were chosen by a third
party to reflect a variety of habitats and topogra-
phy (Vander Heyden 1997). The trials resulted in
a mean linear crror of 89 m and a mean areal er-
ror triangle of 4 ha. Three of 61 (5%) transmit-
ters were assigned to the wrong stand.

Defining Availability

We determined habitat availability based on the
size of female bear home ranges and the area
sampled (snared) for bears. We placed a circle
with a diameter equal to twice the largest 95%
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Minimum Convex Polygon (MCP, Mohr 1947)
home range calculated for a female bear (3,595
ha) around every snare site available to capture
bears. The area enclosed by the outer boundary
of the circles was delineated and used to define
the study area perimeter and to determine habitat
availability at the landscape scale. Because we
wanted to examine habital use by bears in a man-
aged forest, we excluded areas falling within the
Diamond Peak Wilderness from calculations of
availability. Use of the largest MCP home range
belonging to a resident fernale bear was intended
to delineate a study area large enough to encom-
pass the maximum distances a female bear may
have traveled to reach a snare.

Habitat Classification

We created a habitat map from a 1992 LANDSAT
Thematic Mapper {TM) image of the study area
using Earth Resources Data Analysis System
(ERDAS, Atlanta, GA) software for digital-im-
age analysis. The resolution of the TM image was
30 x 30 m (0.09 ha). Thirty spectrally distinct
classes were identified, and we used an unsuper-
vised classification (Jenson 1986) to group the
classes into six broad habitats with a minimum
mapping unit of 4 ha. Field reconnaissance and
aerial photograph interpretation were used to fur-
ther refine the classification. Habitat classes were
based on stand structure and approximated a suc-

cessional hierarchy ranging from early succes-
sional grass-forb to mature forest (Table 1). Map
accuracy was computed with standard techniques
for land cover classification (Lillesand and Kiefer
1979), and described in detail in Vander Heyden
{1997). Logging aclivity between 1992 and the
years of this study was minimal, thus we believe
that any potential implications of land cover change
on map accuracy and habitat analyses were largely
inconsequential.

The habitat map was integrated into a GIS along
with bear locations, stream, road, and digital ei-
evation model (DEM) coverages. Variables ob-
tained from the DEM included elevation, slope,
and aspect. The stream coverage depicted first-
through third-order streams, and the road cover-
age, while it did not distinguish between road types
{c.g., primary, secondary), included all roads rec-
ognized on USGS orthophotoquads created in
1986. Although an accuracy assessment was not
performed on the road layer, we found few dis-
crepancies between it and the actual road system.
Secondary, graveled logging roads composed the
majority of the roads in the area,

To assess the significance of habitat edges to
bears, we constructed an edge buffer with a width
of 50 m on either side of every stand boundary,
Locations falling within this buffer also were clas-
sified into a separate habitat category called “edge.”
Edge locations were then divided into two

TABLFE I, Habital ¢lasscs used by female black bears in the central Cascades of Qregon, 1993-95.

Proportion
in
Habitat Class Description! study area
Girass-forb Very little vertical stand structure; seedling trees and shrubs are not dominant. 0.17
Shrub Shrubs dominant, trees provide less than 30% crown closurc. 0.10
Open-canopy sapling /pole Canopy closure <60%:; shrub understory commor. .10
Closed-canopy sapling/pole Canepy closure 60-100%: littfe ground vegetlation. 0.13
Closed-canopy mature timber  Canepy closure »>80% but usuatly <100%; average tree dbh. > 53 cm. 0.32
Some ground vegetation present.
Open-canopy mature timber Canopy closure <804, average tree dbh, >53 cm. Undersiory of shrubs, 0.18
small trees, and other vegetation conmon.
Totat 1.00

'Based primarily on Brown (1985).
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TABLE 2. Habitat combinations for the variable “edge type” used in the logistic regression models for female black bears in the

central Cascades of Oregon, 1993-95.

Low contrast edge

High contrast edge

Grass-forb/shrub

Shrub/open-canopy sapling/pole

Open-canopy sapling pale/closed-canepy sapling/pole
Closed-canopy/sapling pole/closed-canopy mature timber

Closed-canopy mature timber/epen-canopy mature timber

Grass-forb/open-canopy sapling/pole
Grass-forb/closed-canopy sapting/pole
Grass-forb/closed-canopy mature timber
Grass-forb/open-canopy mature tinber
Shrub/closed-canopy/sapling/pole

Shrub/closed-canopy mature timber

Shrub/open-canopy mature timber

Open-canopy sapling/pole/closed-canopy mature timber
Open-canopy sapling/pole/open-canopy mature timber

Closed-canopy sapling/pole/open-canopy mature timber

categories, “high contrast”™ and “low contrast”
based on the structural contrast of the habitat classes
composing the buffer (Table 2).

Home Range Estimates and Analyses

We used two methods to quantify annual home
range sizes: the 95% adaptive kernel (ADK)
method using the program CALHOME (Baldwin
and Kie 1992) with the default parameters, and
the 95% minimum convex polygon {MCP) method
using the program HOMERANGE (Ackerman et
al. 1990). We used the 955 ADK home range in
all analyses to facilitate comparisons among bears
with variable sample sizes.

Twenty-six annual MCP home ranges were
calculated for 14 individuals: 24 ADK home ranges
were calculated for 12 individuals, We excluded
two bears from the ADK calculations because of
small sample sizes (< 24). The number of loca-
tions used per bear for the ADK estimates ranged
from 24 to 85 with a mcan of 48 (SE = 18). In
addition, we calculated 95% ADK “composite”
(multi-year) home ranges for each bear to deter-
mine the overall area used by each bear in the
course of the study.

We used analysis of covariance to assess the
presence of an association between the follow-

ing explanatory vartables and 95% ADK home
range size: individual bear variation defined by
the variable “bear”, reproductive status, year, and
number of locations. We used stepwise backwards
variable selection procedures to eliminate insig-
nificant variables (P £0.05) from the model.

Habitat Analyses

We investigated habitat selection at two scales,
the home range and the landscape, using indi-
viduals as the primary sampling units (Thomas
and Taylor 1990). For our landscape-scale analysis,
we measured habitat use for each radio-marked
animal and measured availability over the entire
study area; for our home-range-scale analysis, we
measured both use and availability at the indi-
vidual level. Both designs resulted in separate
resource selection “functions” for each animal,
thereby allowing individuals to vary in their habitat
selectivity. We used these individual estimates to
make inferences to the population of animals (Cox
and Hinkley 1974).

Home Range Scale

Univariate Analysis, —We used a Chi-square
goodness-of-fit test {Neu et al. 1974, Bycrs ct al.
1984) te compare habitat availability within the
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composite 95% ADK home range for each bear
{n=12) to use. This tests the null hypothesis that
bears used habitars within their home ranges ran-
domly. We chose P < (.10 in recognition of the
limited power implicit to our small sample size.
When a Chi-square statistic was significant, we
constructed Bonferroni 95% confidence intervals
(Ncu ct. al 1974, Byers et. al 1984) to determine
which habitat classes differed in use from expected.

Logistic Regression. —We used logistic regres-
sion {Ramsey et al. 1994) to identify and model
habitat variables that best distinguished known-
bear locations (obtained from radio telemetry) from
random locations (points). This resulted in odds
ratios that described the probability that a par-
ticular observation was a bear location. The number
of random locations generated within the 95%
ADK annual home range for each bear was ap-
proximately three times the number of locations
obtained from radio telemetry. The ratio of three
random points per every known point is optimal
in terms of reducing the standard errors of the
estimates (Ramsey, pers. comim.).

In addition to habitat class and edge lype, we
tested the following explanatory variables for sig-
nificance to bear habitat selection: patch (stand)
size. slope gradient, aspect, elevation, and dis-
tance to the nearest road, stream, and edge. Slope,
aspect, and elevation variables were caleulated
from a DEM at a scale of 1:250,000 obtained from
the USGS. Elevation was measured as a continu-
ous variable; slope and aspect were categorical.
Slope was divided into two calegories based on
gradient. We considered locations falling on slopes
ranging from 25-48 degrees “steep” and locations
falling on slopes < 25 degrees “moderately steep.”
Aspect, initially expressed in degrees from 0 to
360, was divided into eight categories. cach con-
taining a range of 45 degrees, as well as a ninth
category defined as “no aspect.” All variables were
obtained from digital overlays created within a
GIS by use of road, stream, and DEM coverages.
These coverages were juxtaposed with the cov-
erage of bear locations, and the GIS was queried
for association with known-bear locations and
random points,

Initially, we fit a single model for each bear
with the largest multiple year sample sizes using
“bear” as both a main effect and an interaction
term, using a variable selection procedure bused
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on the drop-in-deviance test (Ramsey et al. 1994).
This test assesses the contribution of the proposed
variables relative to the observed data: variables
that led to a significant reduction in model devi-
ance (P =0.10) were retained in the model. Inter-
actions were not detected, nor were any variables
highly correlated (r < 0.4). No year effect was
present, which allowed us to combine data from
multiple years into one model for each bear (12),
using the nine variables described above. These
12 models were then examined, and any variable
significantly associated with any bear’s habitat
selection (P =< 0.10) was included in a “grand”
model. Data for each of the 12 bears were then
fit to the grand model, using Chi-square and P-
values from drop-in-deviance tests, which com-
pared the final model with a series of reduced
models. This resulted in 12 model summaries each
containing the same variables along with their
estimated coefticients and standard errors. Lastly,
we calculated odds ratios to quantify the effects
of each varable, examined if the affects were
consistent among bears, and made inferences (o
the population.

Habitat Analyses: Landscape Scale

Habitat Use By Individual Bears.—We examined
habitat use for cach bear using a Chi-square good-
ness-of-fit test (£ = 0.10) to compare habitat avail-
ability within the entire study area to use. When
the Chi-square statistic was significant for any
bear, we constructed Bonferroni 95% confidence
intervals to determine which categories diftered
in use from expected.

Seasonal Habitat Use—We pooled all bear
locations and divided them into three seasons based
on plant phenology: spring (den emergence-13
June}, summer { 16 June-15 September), and fall
{(September 16-den entry). For each scason, we
used a Chi-square goodness-of-fit test (P < 0.10)
o determine if observed use of the six habitat
classes was different from expected, followed by
95% Bonferroni confidence intervals to determine
which habitats were used greater than, equal to,
or less than their availability.

Results

Home Range Size

The mean 95% annual ADK home range for 12
bears was 3,212 ba (range: 1,667-8,519 ha, SE=




TABLE 3. Annual and composite {all vears) 93% adaptive kernel home range sizes (ADK. ha): annual 95% minimum convex
polygon home ranges (MCP. ha), and the number of locations per female black bear radiocollared in the central

Cascades of Oregon, 1993-95.

1993 1594 1995 Compaosite

Bear Size u Size fn Size 7 Size i
ADK MCP ADK MCP ADK MCP ADK

93-009 204200 19
93-011 2632.00  2017.00 60 29351.00 133200 47 2407.00 2233.00 49 3363.00 156
93-016° 3G88.00  2359.00 54 220300 163900 44 4165.00 98
93-018" 8319.00 633400 30 3845.00 4052.00 34 9149.00 64
03-024* 239100 8626.00 32
03-026 2143.00  1348.00 56 1828.00 122000 42 581700 2143.00 49 2023.00 147
94-037° 2168.00 121300 35 1954.00 1318.00 &5 1835.00 120
94-038° 1667.00  1083.00 32 1749.00 119400 72 172800 104
94-041° 2036.00  1033.00 29 209400 141100 60 2671.00 89
94-045° 5930.00  2468.00 25 6315.00 3578.00 8O 523800 105
G4-(49* 200100 9014.00 24 3373.00 206400 48 5528.00 72
94-05(F 197100 7650.00 24 2278.00 1290.00 68 2461.00 492
94-031¢ 480,00 21
93-0637 2231.00 i510.00 74

'No Adaptive Kernel Home Range was calculated due te small sample size; bear was killed after 1993

“Mortality, ne data afier 1694,
‘Dropped collar, no data after 1994,
*Mortality, no data after 1993,
*Bears not captured until 1994

“Bear captured in 1994, no data for 1993 because of subsequent mortalily.

‘Bear captured in 1995.

1,716 ha; Table 3). The mean 95% MCP was 2,994
ha (range: 1,033-9,014 ha. SE = 2,189 ha) (Table
3). On average, MCP cstimates were 7% smaller
than ADK estimates. Composite (multi-year) 95%
ADK home ranges averaged 3,906 ha (Table 3).

Adaptive kernel home-range sizes estimates
were not significantly related to number of loca-
tions (P =0.26). presence of cubs (scven females
had cubs of the year, P = (0.76), or yecar {P = 0.43).
The only variable associated with ADK home range
was “bear” (£ = 0.03).

Habitat Use: Home Range Scale

Univariate Analysis.—Most bears (10 of 12) used
habitats disproportionately to their availability
within their home ranges. Because low sample
sizes limited the power of tests 1o determine sig-
nificance, an examination of trends (disregard-
ing significance) is helpful in discerning use pal-
terns among individuals (Tabkle 4). Female black
bears used grass-forb less than expected and open-

canopy sapling/pole and mature timber classes
more than expected. The majority used grass-forb,
shrub. and closed-canopy sapling/pole types less
than availability, and open-canopy sapling/pole,
open-canopy mature timber and closcd-canopy
mature timber more than availability.

Logistic Regression.—Eight of the nine vari-
ables included in the full models for each of the
12 bears were signiticant for at least one bear;
the cxception was edge type. The number of sig-
nificant vanables (P <0.10) per bear ranged from
one to five, including stream distance, aspect,
elevation. slope gradient. patch size, road distance,
edge distance, and habitat ¢lass. These variables
explained habitat characteristics that differed be-
tween random and known bear locations, and were
used to construct a general-habitat-association
model {i.e.. the “grand” model). The parameter
estimates und standard errors are described in detail
in Vander Heyden (1997). The results of the grand
model are explained below, beginning with the
categorical variables.
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TABLE 4. Hubhitat use versus availability within composite
home ranges (n=10) ol female black bears in the
cenlral Cascades of Oregon, 1993-95. Small
sample sizes prohibited the ability to find sig-
nificance at £ < (.10 therefore a comparison is
made at both F <0.10 and £ > 010

Use compared to expected’

£<0.10 P>0.10
Not different

Less than More less  More
flabitat Class  than  expected than than than
Gruss-lorh 4 5 | 9 1
Shrub 2 7 | 8 2
Open-canopy
sapling/pole 0 7 3 3 7
Closed-canopy
sapling/pole 2 8 0 7 3
Closed-canopy
mature timber ] 8 2 2 8
Open-canopy
mature timber 1 [§] 3 2 ]

! Selection was based on the Pearson Chi-square goodness-
of-fit test and Bonferroni confidence intervals. Expected val-
ues were caleulated using proportion of habitat classes within
953% adaptive kernel composite home ranges for cach bear,

The variable “habitat” was significant for five
bears (P < 0.007). It had six levels (1.c. types of
habitat) with grass-forb used as the reference level
to which all other habitats were compared. With
only one exception (bear 93 - 011), the odds of a
location being a known bear location rather than
a random point increased from grass-forb to all
other habitats. For three of the five bears, open-
canopy sapling/pole had the highest odds of a
location heing known rather than random when
compared to grass-forb. The highest odds for the
other two bears were for the habitat classes closed-
canopy mature timber (bear 93 - 011) and clesed-
canopy sapling/pole.

“Aspect” was significant for two of the bears
in the final models (P = 0.007 and £ = 0.002).
These bears were more often found on southeast
aspects than at any of the other levels. “Slope
gradient”, defined by the indicator variable “mod-
erate slope™, was significant for two bears at P =
0.03, and £ = 0.07. In both of these models. the
odds were higher that a bear location was on a
steep slope.

“Stream distance”™ was significant for four
bears, with bear locations tending to be closer to
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streams than random points. The mean distance
to the nearest stream ol any order for bears in
this study was 167 m {Table 3). “Patch size” was
significant for bear 94 - 041 (P = 0.04) and bear
94 - 050 (P = 0.05). For both of these bears, the
odds that a location was a known-bear location
became less and less likely as the patch size in-
creased. In other words, these bears were more
likely to be found in small patches. “Road dis-
tance” was significant for five bears; the odds of
a location being known increased the farther from
a road the location became. The mean distance
to the nearest road in this study was 307 m (Table
5). “Elevation™ was significant for three bears;
for two of the three, a location was more likely to
be a random point (and not a bear location) the
higher the elevation became. “Edge distance™ was
significant (# = {.07) for one bear, 93 - 011, This
bear was likely to be found close to habitat edges.
The overall mean distance from edge for all bear
locations was 62 m (Table 5).

TABLE 5. Mean and standard error {SE} values for known
and randem continuous variables measured per
lemale black bear (n = 12} in the central Cas-
cades of Qregon. 1993-1995.

_ Known _Random
Variables X SE X SE

Distance to stream 167.00 97.400 228.00 12400
(meters)

Distance to road 307.00 21500  287.00  200.00
(merers)

Distance to edge 62.00 2000 64.00 16,00
(meters)
Patch size (hectares) 682.00 1103.00 693.00 10:52.00

Elevation (meters)  968.00  183.00 970,00 240,00

Habitat Use: Landscape Scale

Habitat Use by Individual Bears Compared to
Availability in the Study Area.—All but one bear
used at least some habitats disproportionately to
their availability across the study area landscape
(P <0.10; Table 6). The habitats used more than
availability by any ot the bears were open-canopy
sapling/pole, and both open-and closed-canopy
mature timber. The most frequently under-used




TABLE 6. Number of femate black bears (n=11) using cach
habitat class less than or more than its availabil-
ity (P < 0.10) in the central Cascades of Oregon.
1993-95,

Use compared with expected' (£ £ =010

Use not different

Habitat Class Lessthan  thanexpected  More than
Grass-forb b 3 0
Shrub 4 7 0
Open-canopy

Sapling/pole 1 3 7
Closed-canopy

sapling/pole 2 9 0]
Closed-canopy

mature tmber 1 9 1
Open-canopy

mature timber 2 7 2

'Selection was based on the Pearson Chi-square goodness-
of-fit test and Bonlerroni 95% confidence intervals. Expected
vatues were caleulated using the proportion of habitat classes
within the study area boundary.

habitats were grass-forb (8/11 bears) and shrub
(4/11 bears),

Seasonal Habitat Use.—Bonferroni 95% con-
fidence intervals indicated that in the spring, bears
used grass-forb less than expected: in the sum-
mer, bears used shrubs and closed-canopy ma-
ture timber less than expected, and open-canopy
sapling/pole and open-canopy mature timber more
than expected (Table 7). In the fall, bears used
grass-forb and shrub less than expected, and closed-
canopy-mature timber more than expected.

Discussion

Black bears are highly opportunistic and extremely
mobile; necessary traits in an environment in which
food resources vary both temporally and spatially.
The patchy and fluctuating nature of black bear
food resources leads to diverse sclection strate-
gies based on the composition and availability of
habitats within each bear’s home range. None-
theless, some consistent trends were evident.

Home Range Size

Home ranges in the Cascades of Oregon were much
larger than those reported elsewhere in similar

TABLE 7. Scasonal habitat use' by a pooled sample of fe-
male black bears ( n = 12} in the central Oregon
Cascades, 1993 - 1995,

Season
Spring Summer Fall
Habitat Class n =315 n =448 n=286
Cirass-forb - no difference -
Shrub no difference - -
Open-canopy
sapling/pole ne difference + no difference

Clised-canopy

sapling/poie no difference no difference  no difference

Closed-canopy

mature timber  no difference - +
Open-canopy
mature timber  no dilference + na difference

' use less than expected. (P ==0.10); “+7 use greaterthan
expected, (P <= 0.10). Selection was based on the Pcarson
chi-square goodness of fit test and Bonferreni conlidence in-
tervals.

habitats. In western Washington, for example, home
ranges of black bears were reported to average 4
km* (Barber 1983), and 2 km® (Lindzey and
Meslow 1977) on Long Island, and 5 kin? (Poelker
and Hartwell 1973) in western Washington (main-
land). The much larger home range size for fe-
male bears in this study may be attributed to lower
habitat productivity in the Cascades, or lower
densities of bears relative to carrying capacity,

Habitat Use at the Landscape and Home
Range Scale

At both the home range and landscape scales,
female black bears mostly selected a combina-
tion of open-canopy/sapling pole stands, and both
open-canopy and closed-canopy mature timber.
These stands secmingly offered a combination of
light-dependent food plants (berries, in particu-
lar) with the security of tree cover. Berries (pri-
marily Vaccinium spp.) ripened starting in mid-
June, and bears used open-canopy sapling/pole
stands more than expected throughout the sum-
mer. Both closed and open-canopy mature stands
were structurally diverse, had large amounts of
downed woody debris, and had a variety of plant
species in the understory, especially in canopy
gaps. This may explain why closed-canopy ma-
ture fimber was the most prevalent habitat in 10

Habitat Selection by Female Black Bears 291




of the 12 home ranges, and was used significantly
more than expected in the fall, along with open
canopy mature timber. These stands presumably
offered alternative bear foods as summer foods be-
came scarce, and cscape cover when hunting sea-
sons inereased vehicular and human disturbance.

In contrast, bears made little use of closed-
canopy sapling/pole stands at either scale (Tables
4 and 6). Despite their potential security value,
closed-canopy sapling/pole stands may have lim-
ited use for black bears in the Central Cascades,
Prior to stem exclusion these stands often are
extremely dense and little light penctrates the
canopy (Brown 1985); understory vegetation, and
presumably bear food. is sparse. Grass-forb habi-
tats, although prevalent in many home ranges and
often containing bear foods (grass, anthills. ber-
ries), were also avoided, with bears more likely
1o occur in shrub or open-canopy sapling/pole
stands. These two seral stages differed [rom grass-
forb primarily in their relative abundance of cover.
In agreement with this study, (Lindzey and Meslow
1977) reported that older clearcut unils in west-
ern Washinglon were more often selected than
recently cut units even when recent cuts appar-
ently had food available. They also found that
bears did not begin to use clearcut units greater
than availability until the cuts were 18-25 years
old. These units approximated our open-canopy
sapling/pole habitat, which occurs 10-2()} years
following clearcutting.

In addition to the potential influence of within-
stand cover, adjacency to mature forest may also
aftect habitat selection. Two of the bears that made
use of young seral stages (shrub und open-canopy
sapling pole) selected for smaller patches from
which forested areas were casily accessible. The
home ranges of these two bears were somewhat
unique in that they contained large contiguous
blocks of forest. with logged stands of early seral
condition mainly along the periphery. Activity was
concentrated in the smaller of these logged stands;
larger stands may have inhibited use because the
bears may have been reluctant to forage very far
into areas with limited cover. The proximity of
cover to feeding areas has been postulated as in-
fluencing habitat selection in several other stud-
ies (Novick and Stewart 1982, Grenfell and Brody
1986).

The variables related to edge were minimally
significant although in both this study and the study
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in western Washington (Lindzey and Meslow 1977)
over half of all bear locations were in edge habi-
tat (< 50 m from the boundary of two habitats). It
could be that cdge truly did not play a role in
habitat selection but rather was an artifact of the
high degree of frugmentation in the area, Con-
versely, perhaps the edge classification, based on
structural contrast between habitat types, was
inappropriate, or the edge buffer specified, (50
m on each side of a habitat boundary), was too
large.

Bears were more likely to occur at increasing
distances from the nearest road, Most of the roads
in the study area were open to the public, conse-
quently traffic could have caused considerable
disturbance to bears especially during the hunt-
ing season when traffic levels were high. Addi-
tionally, logging activity. although decreased in
recent years, may have also contributed to black
bears avoidance of roads. Measures of road dis-
tances to bear locations vary among studies, and
disparate road densities and road iypes confound
comparisons.

In general, bears preferred low elevations, steep
slopes, and southeasterly exposures. In corrobo-
ration with this study, Novick and Stewart (1982)
also found higher activity on drier southern slopes
in Southern California, and both Mollohan (1989)
and Unsworth et al. (1989} found selection for
steep slopes. Exposure influences floristic com-
position, with southern exposures in our study
area containing manzanita, mountain ash, and
grass, and slope gradient may confer greater se-
curity valuc and facilitate early detection of threats.

Lastly. beurs were more likely to occur close
to streams. Young and Beecham (1986) suggested
that water may offer important feeding opportu-
nities by influencing the availability of riparian
vegetation and perhaps providing fish carcasses
and aquatic invertebrates, and Kellyhouse (1980)
stated that streamside buffers may provide im-
portant cover and travel opportunities in areas
otherwise devoid of timber. These observations
apply to our study area as well.

Management Imglications

Silvicultural techniques that promote the devel-
oprment and maintenance of open-canopy sapling/
pole stands and mature timber should benefit black
bears. Therefore, decreasing dense canopy closures
by thinning, pruning, or creating canopy gaps




would promote the growth of understory vegeta-
tion important for both foraging and hiding cover.
Maximizing food and cover could likely be achieved
by using uneven-age management practices to cre-
ate structurally diverse stands (Hunter 1990}, and
maintaining patches containing high plant diversity
may provide for a variety of bear foods.

We also suggest minimizing the use of
clearcutting, or limiting the size of harvest units.
Placing cuts adjacent to mature timber and open-
canopy sapling/pole stands would maximize the
combination of food and cover and create cdge
habitat. Lastly, the continued protection of stream-
side bufiers, implementing road closures, and
putting old roads “to bed” may encourage use by
black bears.

In conclusion, we recommend that black bear
management be responsive (o vegetation com-
position and structure, taking inte account the
effects of roads and streams on habitat selection,
Ultimately. what is needed is an understanding
of how habitat change affects black bear popula-
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