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A total of 14 adult female black bears were radio - tracked from June 1993 to December

1995 to determine home range characteristics and analyze habitat selection at both the home range

and landscape scale. Locations were obtained from the ground and classified to one of six habitats

based on stand structure, and digitally overlaid onto a habitat map produced from a LANDSAT

Thematic Mapper scene of the study area. Home range sizes were calculated using the 95%

adaptive kernel and 95% minimum convex polygon methods. To analyze habitat associations, a

total of 1,073 locations were entered into a geographic information system alongwith habitat

attribute data obtained from digital coverages. Logistic regression and other statistical techniques

were used to determine variables significantly associated with bear locations, including habitat

class, patch size, slope, elevation, aspect, edge type, and distance to roads, streams, and edges.

Female black bear home ranges averaged 32 km2 (95% adaptive kernel method) and 30

km2 (95% minimum convex polygon method). Home range size was significantly affected by

individual variation among bears, most likely due to differences in food availability within each

bear's home range. Female bears inhabited geographically stable home ranges from year to year

and tolerated home range overlap with other female bears. Habitat use within home ranges shifted

seasonally and yearly presumably to take advantage of changes in food availability. Forays to

areas> 1 km outside the 95% home range bcámdanes occurred most frequently in early autumn

Redacted for privacy



and were often characterized by movements to higher elevations to feed on berry crops (primarily

Vaccinium spp.).

Logistic regression models and chi-square analyses indicated that female black bears were

associated with open canopy sapling/pole and mature timber habitats. Young seral stages (grass-

forb and shrub) were seldom used despite food availability, presumably due to the lack of tree

cover in these habitats. Consequently, forestry practices that alter successional regimes may

impact the availability of habitat for black bears. Conversely, silvicultural techniques that enhance

structural diversity by opening up dense canopies should attract bears by increasing foraging

opportunities as well as providing cover. Female bears were negatively associated with roads, and

positively associated with streams - therefore road closures and riparian buffers should be

beneficial to black bears.
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FEMALE BLACK BEAR HABITAT SELECTION AND HOME RANGE ECOLOGY IN
THE CENTRAL OREGON CASCADES

INTRODUCTION

The forested western slopes of Oregon's Cascade Mountain Range are primarily

managed for timber production. Widespread clearcutting has resulted in a landscape of even-aged

stands set in a matrix of uncut mature and ancient forest. Consequently, the region is ideal for

testing hypotheses concerning wildlife use of managed landscapes. Many studies have focused on

habitat specialists and the effects of intensive forestry on population viability. In contrast, this

study is concerned with the habitat associations of a wide roaming animal that utilizes many

habitats, the American black bear (Ursus americanus).

Managed as a game species under the authority of the Oregon Department of Fish and

Wildlife (ODFW), the black bear population is estimated at 25,000 animals statewide (ODFW

1992). In recent years, black bear management has grown increasingly controversial, and in 1994,

the use of dogs and bait to hunt black bears was prohibited by public referendum. Legislative

challenges to bear management underscore the necessity of using the best available infbrmation to

formulate black bear management guidelines. In addition to demographic data, maintaining viable

black bear populations requires information on black bear ecology. Specifically, understanding

how female black bears interact with their environment is important because habitat quality and

quantity directly affect reproductive potential (Pelchat and Ruff 1986, Reynolds and Beecham

1980). In theory, female black bears should select habitats that maximize their fitness. Despite the

black bear's popularity with the public and its status as a game animal, information on black bear

habitat use in Oregon is limited (Barber 1983, McCollum 1973). Although habitat use data

obtained from studies in adjacent western states may be somewhat applicable to Oregon (Beecham

1983, Lindzey and Meslow 1977, Poelker and Hartwell 1973), the composition of black bear
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habitat may differ considerably among states. Consequently, information on black bear habitat use

in Oregon is needed to adequately reflect the habitat associations specific to the state's black bear

population.

Assessing habitat use provides important information on how animals function in the

environment and how they meet their requirements for survival (Manly et al. 1993). An aniinaFs

use of habitat is the outcome of choices at different levels, or scales (Johnson 1980, Porter and

Church 1987, Wiens 1985). Therefore, multiple scale investigations of habitat selection are

necessary to fully elucidate an animal's habitat relationships (Aebischer et al. 1993, Manly et al.

1993). The scales at which habitat selection is assessed depend on the study objectives and will

influence analysis design, results, and scope of inference (Thomas and Taylor 1990). Management

and conservation applications require information on both the use patterns of individuals and the

processes operating at larger scales (populations), and an examination of multiple scales may

reveal patterns not evident when only one scale is studied (Allen and Star 1982).

Thomas and Taylor (1990) identifr three study designs for assessing resource selection

based on the scale at schich habitat use and availability are measured. Design One applies to

measurements at the population level; individual animals are not identified. Examples include

track counts, scent stations, and aerial surveys. Design Two refers to studies in which individual

animals are identified (such as radio-marked individuals) and use is measured for each.

Availability is measured over the entire study area, and assumed to be the same for all animals.

Lastly, Design Three, the approach I chose to model black bear habitat use, measures both use and

availability at the individual level. Designs Two and Three result in separate resource selection

"functions" for each animal, thereby allowing individuals to vary in their habitat selectivity.

Inferences for the population of animals can then be made from these individual estimates. The

approach of extrapolating from the individual to the population is termed "first and second stage
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analysis" by Cox and Hinkley (1974), and is strongly recommended for wildlife habitat selection

studies (White and Garrott 1990). The individuals are the primary sampling units, and the

locations on each individual are considered subsamples.

Individuals can be thought of as living in discrete areas, as demarcated by their home

range. Analyzing habitat use within home ranges may provide important information about

individual choice. However, habitat selection within home ranges is contingent upon the

availability of habitats across that landscape. Consequently, simply studying selection within the

home range could bias conclusions and limit inference (White and Garrott 1990). Therefore I

chose to study habitat selection at two scales, the home range and the landscape.

Home Range Scale Analyses

Johnson (1980) referred to selection of habitats within the home range as third order

selection based on a hierarchy of selection scales ranging from the geographic range of a species

(the lowest order) to microsite selection based on the presence of food items (the highest order).

Although analyzing selection within home ranges may be of a higher order than warranted for

management purposes (Thomas and Taylor 1990), the results of such an analysis allow for

inferences about selection processes operating at the landscape scale.

At the home range scale, my objectives were to 1) describe female black bear home ranges,

movements, and forays; 2) quantify the habitat characteristics of female black bear locations in the

central Cascades of Oregon, testing the working hypothesis that habitat characteristics found at

known bear locations were different from randomly selected locations within each bears' home

range; and 3) compare individual black bear use and availability of habitats within their home

ranges, testing the working hypothesis that female bears were using habitats disproportionate to

their availabilities.



I chose to restrict my analysis to adult female bears (>2 years old) because reproductive

peifonnance is a function of female nutrition (Pelchat and Ruff 1986) and to minimize variance

among my sample of bears.

Landscape Scale Analyses

Assessing habitat selection at the home range scale alone may lead to erroneous

conclusions when inferences are made over broader areas. An animal's home range represents a

prior selection based on numerous factors including the particular social structure of the species,

the individual's status in the population, and features of the environment. Johnson (1980) referred

to home range "selection" as second order selection because it can be viewed as intermediate

between a species' regional distribution and choices among particular habitats within the home

range. Second order selection studies are commonly used to make inferences about study areas

(often referred to as landscapes) and formulate habitat management guidelines. Landscape features

influence home range location, size, and habitat composition.

At the landscape level, my objectives were to 1) quantify the habitat features found within

known home ranges and assess whether the composition of known home ranges differed from

"artificial" home ranges randomly located throughout the study area landscape, and 2) compare use

of habitats to the availability of those types of habitats within the range of the study area

population.



STUDY AREA

This research was conducted near Oakridge, Oregon on the Rigdon Ranger District of the

Willamette National Forest (Fig 1). The study area was located on the western slope of the

Cascade Mountain Range and encompassed approximately 1,345 km2 (519 mf). Most of the area,

with the exception of the adjacent Diamond Peak Wilderness, has been extensively managed for

timber production; consequently, the study area has an extensive road netwo& Clearcutting has

produced a landscape of regenerating timber typically less than 45 years old set in a matrix of

unmanaged forest greater than 80 years ofage. In September of 1988, an arson fire (the Shady

Beach Burn) burned 3,708 ha of forest; much of the burned timber was subsequently clearcut

resulting in extensive areas of grass-fbrb habitat surrounded by mature forest containing numerous

canopy gaps and snags.

Elevation ranges from approximately 460 m to nearly 2,460 m at the summit of Diamond

Peak. Most ridgetops are approximately 1,300 meters. The topography is highly dissected

because of a history of glaciation and stream erosion, and is extremely rugged (Hemstrom et al.

1987). Two major watercourses, Hills Creek and the Middle Fork of the Wiliamette River, drain '

the area.

The Rigdon Ranger District is the southernmost District on the Willainette National Forest

and is considerably drier than the other Districts; annual precipitation ranges from about 114 cm to

over 178 cm on the higher ridges. Snow below 900 m is transient and drought conditions in the

summer are common. The climate is generally mild; temperatures range from approximately -12 C

in the winter to highs near 38 C in the summer months. These characteristics are important factors

influencing vegetation distribution: the growing season is long, warm and dry (Hemstrom et al.

1987). Dense stands of Douglas-fir (Pseudotsuga menziesii) predominate dry, low elevation sites

(Franklin and Dryness 1973) and quickly regenerate in canopy gaps. Many other dry site species

rare or uncommon further north, are found on the Rigdon District, including ponderosa pine
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Figure 1. Location of female black bear study in the central Oregon Cascades, 1993-1995.
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(Pinus ponderosa), sugar pine (Pinus lambertiana), incense-cedar (Libocedrus decurrens),

Oregon-grape (Berberis nervosa), poison oak (Rims diversiloba) and whipple vine (Whipplea

modesta). Common understory species include bigleaf maple (Acer macrophyllum), ocean-spray

(Holodiscus dicolor), and salal (Gaultheria shallon); grassy openings on south slopes contain

manzanita (Arctostaphylos columbiana) and Pacific madrone (Arbutus menziesii).

Moist low elevation forests (below 1,000 m) consist primarily of the western hemlock

(Tsuga heteropkvlla) series described by Franklin and Dyrness (1973). The predominant tree

species are Douglas-fir, western hemlock, western redcedar (Thujaplicata) and bigleaf maple.

Vine maple (Acer circinarum), salal, rhododendron (Rhododendron macrophyllum), swordfern

(Polystichum munitum), vanilla leaf (Achlys triphylla), Oregon oxalis (Oxalis oregana), and twin

flower (Linnaea borealis) are prolific in the understory along with several species of huckleberry

(Vaccinium spp.). Climatic conditions are relatively mild in these forests (Hemstrom et al. 1987).

Higher elevations ranging from 900 mto 1,500 mare dominated bythe Pacific silver fir

(Abies amabilis) series including Douglas-fir, western hemlock, mountain hemlock (Tsuga

mertensiana), Pacific silver fir, noble fir (Abies procera), and vine maple. Herbaceous species

include: big huckleberry (Vaccinium membranaceum), Alaska huckleberry (Vaccinium

alaslcaense), rhododendron, grouse huckleberry (Vaccinium scoparium), coolwort foaniflower

(Tiarella trifoliata), false solomonseal (Smilacina racemosa), queenscup beadlily (Clintonia

unflora), dogwood bunchberry (Cornus canadensis), sidebells pyrola (Pyrola secunda), and

beargrass (Xerophyllum tenax). At the highest elevations, snow packs may be deep and the

growing season is relatively short. On south facing slopes this series is often replaced with the

Douglas-fir series reflecting significantly drier conditions.



METHODS

Bear Captures

Fourteen female black bears were captured in Aldrich foot snares (Flowers 1977) in the

springs of 1993, 1994, and 1995 and immobilized with Telazol (Gibeau and Paquet 1991) using a

jab stick or capture rifle. Precautions to minimize injury included padding the snares with rubber

tubing to reduce abrasion, attaching car hood springs to the cable between the snare and the tree to

act as shock absorbers, and using a locking bolt to prevent the snare from becoming too tight on

the paw. Upon induction, bears were fitted with Telonics radio transmitters with an estimated life

span of three years. Biological specimens were collected including a premolar tooth to determine

age (Stoneberg and Jonkel 1966). Lastly, the bears were weighed and ear-tagged (Appendix A).

Bears were monitored to ensure their safe recovery and tracking did not commence until 24 hours

had passed to allow for the resumption of normal activities.

Radio-telemetry

Bears were radio-tracked from June 1993 to December 1995. Locations were determined

using a combination of triangulation (Nams and Boutin 1991), homing in (White and Garrott

1990), and direct observation. To triangulate, azimuths were taken from known locations and

immediately plotted onto 7.5-minute USGS orthophoto quadrangle maps. The bear's location was

estimated to be in the center of the "error triangle" created from the intersection of three bearings

(Nams and Boutm 1991). Areal measures of accuracy (e.g., error triangles)are the most useful for

habitat studies because they depict an area around the estimated location that will cover the actual

transmitter location with a given probability (Saltz and White 1990). Error triangles that

intercepted 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. While greatly reducing the error associated with triangulation, a disadvantage

to this technique was the possibility of disturbing the animal and causing it to change habitats, thus

inducing error.

All telemetry techniques based on remotely estimating an animal's location have an

associated error component. The acceptable amount of error depends upon the particular

objectives of the study (Saltz and White 1990). The primary objective of the female black bear

study was to quantify habitat use. Habitat use studies require estimating an animal's location

accurately enough to place it in one habitat or stand type. Telemetiy error must be small relative

to average patch size because increasing error leads to decreasing ability to detect selective habitat

use (White and Garrott 1986). To determine the accuracy with which bear location estimates were

obtained using both the error triangle and homing methods, telemetry error trials were conducted in

1994 and 1995. A total of 31 test transmitters were distributed throughout the study area (12 in

1994 and 19 in 1995). Transmitter placement was designed to be as unbiased as possible to

approximate actual bear tracking. A geographic infonnation system (GIS) comprised of digital

coverages of mapped bear locations and roads was queried using A.RCIINFO (ESRI 1991)

software to determine the average distance from a bear to the closest road using 1994 locations.

This distance, 200 m, was used to place the transmitters in the field by a third party not involved in

the test. A hip chain was used to place the transmitters from 120 to 350 m from the nearest road,

and locations were chosen to reflect a variety of habitats and topography. Topographic maps and

aerial photographs were used to map the location of each transmitter on orthophotos. The two

observers responsible for tracking female bears located each transmitter independently, for a

combined total of 61 estimates (one location was eliminated due to observer bias). Observers used

roadside triangulation followed by a walk-in if the estimate placed the transmitter on or near a

habitat boundary. The average linear distances from the mapped transmitters' positions to their

estimated locations were then computed along with the standard error.
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After calculating error estimates, F-tests were conducted to test the null hypotheses of

equal variance for both observers and between year bias. The null hypothesis failedto be rejected

at P 0.05. Two sample t-tests then were conducted to test the null hypothesis of equal means.

Neither observer bias nor between year differences were significant at the P 0.05 level. The

results of these tests allowed pooling of both observers and both years.

Both linear and area! estimates were calculated for each transmitter location. Linear error

was measured using the shortest distance between the transmitter and the estimated location. The

mean linear error was 89 meters (SE = 64) with a range of 0 to 215 meters (95% C. I.). Area!

error was calculated using the mean linear distance as the radius of an error circle and computed to

be 4 ha (SE = 5) with a range ofOto 14 ha (95% C. 1). Lastly, the percentage of locations that

were placed in the correct habitat was tabulated, giving a measure of "habitat error". Only three

out of the 61 transmitters were estimated to be in the wrong stand, resulting in a habitat error of

5 %. I consider the habitat error estimate to be the most relevant to the objectives of the study.

Both the linear and area! estimates had relatively large standard errors of 64 m and 5 ha,

respectively. This is to be expected in a telemetry study area with extremes of topography and

dense vegetation. Habitat structure may interact with radio signals to further decrease

triangulation accuracy (Hupp and Ratti 1983). Topography induced signal bounce is most likely

the largest contributing source of radio telemetry error in the mountainous terrain of the western

Cascades causing the accuracy of bear locations to vary depending on the surrounding terrain and

vegetation. Fortunately, high road densities often enabled the observer to be relatively close to the

bear, thus increasing accuracy. Often times observers could "drive around" a bear to get

intersecting bearings. Walking along habitat edges when error triangles encompassed more than

one habitat increased the accuracy of the location estimate, and allowed for visual observation of

bears on many occasions (11% of all locations were visual, and an additional 13% were "audios":

the bear could be heard but not seen due to heavy brush). Disturbance was kept toa minimum -

bears were not approached any closer than necessary to confidently map their location onto
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orthophotos. If observers believed they may have caused the bear to move, the location was not

used for habitat analyses. Weak or reflected signals due to dense vegetation and rugged

topography also at times prohibited classifying a location to habitat. In such cases the

triangulation was used only for home range calculation purposes, for which habitat classification

was imnecessaiy.

Area! estimates obtained from triangulation must not exceed the resolution of the habitat

map. The more fine-grained the habitat, the more accurate the estimate must be to reflect the

animal's choice of habitat. The likelihood of committing a Type H error is great if patch size is

small relative to location accuracy. Consequently, the researcher rims the risk of failing to reject

the null hypothesis of "no selection" when, in fact, the animal does exhibit habitat selectivity (Saltz

1994). In highly fragmented environments, such as the managed forests of the western Cascades,

the scale to which the habitat will be mapped must be addressed prior to analysis of radio tracking

data. In this study, the chosen minimum mapping unit was 5 ha. This was an allowable scale

because of the small area! error of 4 ha. The majority of the habitat polygons (stands) will far

exceed this minimum area which reflects past timber management practices that tended to focus on

harvestunits> lOha.

Errors due to changes in the animal's position during the process of obtaining a location

decrease the ability to detect habitat selection (White and Garrott 1986). The most accurate

estimates will be those taken while the animal is stationary. Because black bears are highly mobile

and may travel extensively throughout the day, stationary locations were in the minority. The radio

collars had motion detectors of three to five minutes, thus allowing the observer to determine

activity levels and, in conjunction with changes in signal strength, determine if the bear had moved

into another habitat during the course of obtaining the location. If so, previously taken azimuths

were discarded and the location began anew. Lastly, only those locations obtained in a

"reasonable" amount of time were included in the analysis (Andelt 1985). Subjectively based, this
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time was determined by bear activity level, the degree of habitat fragmentation in the area, and the

overall confidence the observer had in the precision of the location.

Defining Availability

Habitat use studies necessitate estimating the area available to the animal (White and

(3arrott 1990). I determined availability based on the size of female bear home ranges and the area

sampled (snared) for bears. A circle with a diameter equal to twice the largest resident female

bear's 95% Minimum Convex Polygon (MCP) (Mohr 1947) home range was placed in eight

directions tangent to every snare site potentially available to capture black bears (Fig. 2). The area

enclosed by the outer boundary of the circles was delineated and used to define the study area

boundary and to determine habitat availability at the landscape scale. Because the objective of this

study was to examine habitat use of black bears in a managed forest, areas failing within the

Diamond Peak Wilderness were excluded from calculations of availability. Use of the largest

MCP home range belonging to a resident female bear theoretically ensured delineation of a study

area large enough to encompass the maximum distances a female bear may have traveled to reach

the bait at the snare site.
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Figure 2. Study area boundaiy determination using the area sampled (snared) for black bears
in the central Oregon Cascades, 1993-4995.
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Habitat Classification

A habitat map was created from a 1992 LANDSAT Thematic Mapper (TM) scene of the

study area using Earth Resources Data Analysis System (ERDAS) software for digital image

analysis. Cell size reflected the resolution of the TM and was 30 x 30 m (0.09 ha). Thirty

spectrally distinct classes were identified and an unsupervised classification (Jenson 1986) was

used to group the classes into six broad habitat classes using field reconnaissance and aerial

photograph interpretation. Habitat classes were based on stand structure and approximated a

successional hierarchy ranging from early successional grass-forb to mature forest. Because the

study area was comprised of regenerating stands of managed Douglas-fir in a matrix of unmanaged

older forest, I felt the following six habitat classes were the most appropriate:

1) Grass-forb: resulting primarily from clearcutting practices, this type is usually devoid of tree

and shrub cover, although some seedlings and scattered shrubs may be present. Grass-forb may

also be produced from stand replacing forest fires and wind throw, or may occur as natural

meadows. 2) Shrub: the successional stage following grass-forb in which shrub cover

predominates. 3) Open canopy sapling/pole: trees cover the majority of the stand, although

numerous canopy openings contain herbaceous vegetation and shrubs. 4) Closed canopy

sapling/pole: canopy cover is dense and there is little to no understory. 5) Closed canopy mature

timber: trees are large with occasional gaps in the canopy which permit the development of

understory vegetation. 6) Open canopy mature timber: numerous canopy gaps allow for shrub and

tree understories; these stands may be natural or result from selective logging practices. A

summary of the six habitat classes is found in Table 1, and the proportion of the study area in each

class is illustrated in Fig. 3. In addition, two nonhabitat classes were identified - open water (Hills

Creek reservoir), and rock and snow (the summit of Diamond Peak). The habitat map (Fig. 4) was

integrated into a GIS along with bear locations, stream, road, and Digital Elevation Model (DEM)
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Table 1. Habitat classes used for the female black bear study in the central Oregon Cascades,
1993 - 1995.

Habitat Class Descnptiona Proportion in study area

Grass-forb Very little vertical stand 0.17
structure; seedling trees and
shrubs are not dominant.

Shrub Shrubs dominant, trees 0.10
provide less than 30 % crown
closure.

Open canopy sapling/pole Canopy closure < 60%; shrub 0.10
understory common.

Closed canopy sapling/pole Canopy closure 60 - 100%; 0.13
little ground vegetation.

Closed canopy mature timber Canopy closure> 80% but 0.32
ususally < 100%; average tree
d.b.h. >21 inches. Some
ground vegetation present.

Open canopy mature timber Canopy closure < 80%, 0.17
average tree d.b.h. >21
inches. Understory of shrubs,
small trees, and grass-forb
common.

Total 1.00

ap.ily based on Brown (1985).
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Figure 3. Proportion of the black bear study area in each of the six habitat classes in the central Oregon
Cascades, 1993-1995.
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Figure 4. Classifled 5-ha habitat map of the female black bear study area in the central
Oregon Cascades, 1993-1995.
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coverages. The stream coverage depicted first through third order streams, and the road coverage

included primary, secondary, and unimproved roads.

Map accuracy was assessed by using 539 field classified bear locations as ground-truth,

and comparing them to the habitat classification obtained from the map. This method of sampling

reflected bear habitat use, thus the more heavily used classes were sampled more intensively. Map

accuracy was quantified by producing an error matrix (Table 2).

Error matrices compare, on a category by category basis, the relationship between known

reference data (the ground-truthed bear locations) and the results of a classification procedure

(Lillesand and Kiefer 1979). The number of rows and columns are equal to the number of

categories, in this case, six. Column totals represent the 'ttrue" number of bear locations in each

habitat class; row totals represent the number of times a location was classified by the map into

each habitat class. Several descriptive measures of accuracy can be obtained from the error

matrix. Overall accuracy (73%) represents the total percentage of correctly classified locations.

This number is obtained by summing the numbers in each category nmning along the diagonal

from the upper left to the lower right and dividing by the total number of ground truth points. All

nondiagonal elements of the matrix represent errors of commission or omission. Commission

errors are represented by nondiagonal row locations (e.g. eight locations in "shrub" and eight

locations in "closed canopy mature timber" were improperly included in the "grass-forb" category).

Errors of omission correspond to all nondiagonal column locations (e.g., three "grass-forb"

locations were incorrectly classified as "closed canopy mature timber"). Two other measures of

accuracy are the "producer's accuracy" and the "user's accuracy". The producer's accuracy

mdicates how well each habitat class is mapped, and is computed by dividing the number of

correctly classified elements in each category (on the major diagonal) by the column total. For

example, 84% of the time that a bear location was determined in the field as being in grass-forb, it

was correctly classified by the map (16/19). User's accuracy represents the probability that a

mapped habitat class will actually represent that class if visited on the ground; it is computed by



Table 2. Error matrix for the 5-ha classified habitat map of the female black bear study area UI the
central Oregon Cascades, 1993 - 1995. Column totals represent the number of ground-truth points
in a particular class (e.g., there were 19 bear locations classified in the field as grass-forb); row
totals represent the number of times the map classified a ground-truth point in a particular class
(e.g., there were only 19 locations actually in grass-forb, but the map called 50 locations grass-
forb).

Grass Open Closed Closed Open
Habitat Classes -forb Shrub canopy canopy canopy canopy Total

sapling! sapling! mature mature
pole pole timber timber

Grass-forb 16 8 2 0 8 16 50

Shrub 0 13 4 0 8 3 28

Open canopy 0 1 46 16 3 5 71
spling/pole

Closed canopy 0 0 4 51 14 0 69
sapling!pole

Closed canopy 3 0 5 10 175 3 196
mature timber

Open canopy 0 2 2 3 27 91 125
mature timber

Total 19 24 63 80 235 118 539

Producer's 84 % 54 % 73 % 64 % 74 % 77 %
Accuracy

User's 32 % 46 % 65 % 74 % 89 % 73 %
Accuracy

Overall 73 %
Accuracy
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dividing the number of correctly classified elements in each category by the row total. For

example, although 84% of the bear locations in grass-forb were classified correctly (producer's

accuracy), only 32% of the time will a grass-forb habitat class on the map actually represent this

class on the ground (user's accuracy).

Classification accuracy was confounded by several factors. 1) Mapping resolution masked

fine scale habitat features. For example, riparian tree buffers left along streams in grass-forb

habitats were lumped into the grass-forb category because they occupied less area than the

minimum mapping unit of 5 ha. This was especially apparent in extensively cut-over areas and

bums, where small patches of mature timber were misclassified as grass-forb. Fortunately, most

bear locations were classified in the field to polygons (stands) larger than 5 ha, so estimates of use

were minimally affected by mapping scale. 2) Reflectance values often were very similar for some

of the habitat classes, especially among those most similar in seral stage and fbrm. Because

successional stages lack distinct boundaries, this is to be expected when "forcing" habitats into

discrete categories. Consequently, the spectral signatures of adjacent habitats often overlapped.

Grass-forb and shrub, in particular, were often confused, and resulted in some shrub locations

being misclassified as grass-forb. 3) The digitizing and pixel merging process caused bear

locations found along the periphery of two or more habitat classes to be misclassified. This was

the single largest source of error in the matrix accounting for approximately 30% of all

misclassified ground-truthed bear locations. Locations falling into open canopy mature timber near

the edge of the Shady Beach bum, in particular, were often lumped into the grass-forb class,

causing high commission errors (16 open canopy mature timber locations were classified as grass-

forb). These errors may cause sample sizes in classes with high commission errors to be

artificially inflated, potentially increasing Type I error rates; conversely, Type II errors may result

because of high omission errors. Nonetheless, the overall accuracy rate of 73% ensures that

approximately three out of four times a location was correctly classified by the map.
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To minimize misclassified locations and assess the significance of habitat edges to bears, I

constructed an edge buffer with a width of 50 m on either side of every stand boundary. Locations

falling within this buffer also were classified into a separate habitat category called "edge". Edge

'ocations were then divided into two categories, "high contrast" and "low contrast" based on the

structural contrast of the habitat types comprising the buffer. For example, a location falling

within the buffer between grass-forb and shrub was classified as a low contrast edge location,

whereas a location falling within a buffer between a grass-forb and a open canopy mature stand

was classified as a high contrast edge location (Table 3).

Home Range Estimates and Analyses

I used two methods to quantify annual home range sizes: the 95% Adaptive Kernel (ADK)

method using the program CALHOME (Baldwin and Kie 1992); and the 95% Minimum Convex

Polygon (MCP) method using the program HOMERANGE (Ackerman et al. 1990). Because the

MCP method is highly correlated with sample size (the larger the sample, the larger the home range

estimate) I used the 95% ADK home range in all analyses to facilitate comparisons among bears

with variable sample sizes. Nonetheless, error associated with estimating home ranges is injected

into habitat studies (White and Garrott 1990), and I recognize that home range estimates are

coarse. Minimum convex polygon home ranges were calculated to determine the study area

boundary (see "defining availability') and to allow for comparisons among other bear studies in

which the MCP is the only home range estimate reported. Twenty-six annual MCP home ranges

were calculated for 14 individuals; twenty four ADK home ranges were calculated for 12

individuals. Two bears were excluded from the ADK calculations because of small sample sizes

(<24). The number of locations used per bear for the ADK estimates ranged from 24 to 85 with a

mean of 48 (S = 18).



Table 3. Habitat combinations for the variable "edge type" used in the logistic regression models
for female black bears in the central Cascades of Oregon, 1993- 1995.

Low contrast edge

Grass-forb/shrub

Shrub/open canopy sapling/pole

Open canopy sapling pole/closed canopy
sapling/pole

Closed canopy/sapling pole/closed canopy
mature timber

Closed canopy mature timber/open canopy
mature timber

High contrast edge

Grass-forb/open canopy sapling/pole

Grass-forb/closed canopy sapling/pole

Grass-forb/closed canopy mature timber

Grass-forb/open canopy mature timber

Shrub/closed canopy/sapling/pole

Shrub/closed canopy mature timber

Shrub/open canopy mature timber

Open canopy saping/pole/closed canopy
mature timber

Open canopy sapling/pole/open canopy mature
timber

Closed canopy sapling/pole/open canopy
mature timber

22
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In addition, 95% ADK and 95% MCP "composite" home ranges were calculated for each bear to

determine the overall area used by each bear in the course of the study.

Many factors may potentially influence home range estimates. Multiple linear regression

was used to assess the presence of an association between the following explanatory variables and

95% ADK home range size: individual bear vaiiation defined by the variable "BEAR", the

presence of cubs, year, and the number of locations. Variable selection procedures were used to

eliminate insignificant variables (P 0.05) from the model.

I defined home range fidelity as the proportion of the 95% ADK home range used

repeatedly each year by an individual. It was calculated by overlaying yearly home range polygons

in ARC\JNFO and deriving the overlap areas. Overlap among bears with adjacent home ranges

also was calculated in this manner and temporal and spatial avoidance described. Movement

trends were analyzed to assess mean distances traveled by bears with and without cubs. Because I

did not systematically locate each bear (i.e., bears were not located at identical time intervals)

movement estimates are coarse and descriptive only. Nonetheless, an attempt was made to locate

each bear a minimum of twice weekly (to minimize variance), and I believe the general trends are

worth examining. I described seasonal use patterns and quantified forays to areas outside the home

ranges. Forays were defined by bear locations falling > than I km outside the 95% ADK home

range boundary and were characterized by abrupt movements to areas not typically visited.

Duration of the foray was measured as the days elapsed between when the bear was first located

outside the home range boundary and the date at which it was located back within the home range

boundary. The longest axis of each annual 95% ADK was measured to compare the extent of the

foray to the length of the home range estimate.
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Habitat Analyses: Home Range Scale

Univariate Analysis

A Chi-square goodness-of-fit test (Neu et al. 1974, Byers et al. 1984) was used to compare

habitat availability within each bear's 95% ADK home range (n = 12) to use (bear locations),

testing the null hypothesis that bears utilized habitats within their home ranges randomly. Because

the process of habitat selection occurs at the level of the individual (Wiens 1985), I did not pool

observations among bears. When the Chi-square statistic was found to be significant (P 0.10),

Bonferroiu 95% confidence intervals (Neu et. a! 1974, Byers et. al 1984) were constructed to

detentiine which habitat categories differed in use from expected.

Logistic Regression

Logistic regression (Ramsey etal. 1994) was used to identify and model habitat variables

that best distinguished known bear locations (obtained from radio telemetiy) from random

locations (points), resulting in odds ratios that describe the probability that a particular observation

is a bear location. Bear locations found within each 95% ADK annual home range were compared

to approximately three times that number of random locations generated within each home range

(Appendix B). In addition to habitat class and edge type, the following explanatoiy variables also

were tested for significance to bear habitat selection: patch (stand) size; slope gradient; aspect;

elevation; and the distances to the nearest road, stream and edge (Table 4). Slope, aspect, and

elevation variables were obtained from a DEM at a scale of 1:250,000 obtained from the USGS.

Elevation was measured as a continuous variable; slope and aspect were categorical. Slope was

divided into two categories based on gradient. Locations filling on slopes ranging from 25-48

degrees were considered "steep" and locations fhllmg on slopes less than 25 degrees were
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Table 4. Variables included in the full logistic regression models for each female black bear in the
central Cascades of Oregon, 1993 - 1995.

Variable Degrees of Freedom Type

Habitat Class 5 Categorical

Aspect 8 Categorical

Slope 1 Categorical

Edge Type 2 Categorical

Elevation 1 Continuous

Edge Distance 1 Continuous

Road Distance 1 Continuous

Stream Distance 1 Continuous

Patch Size I Continuous
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considered "moderately steep". Aspect, initially expressed in degrees from 0 to 360, was divided

into eight categories, each containing 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, utilizing road,

stream, and DEM coverages. These coverages were juxtaposed with the bear location point

coverage, and the GIS queried for association with known bear locations and random points.

Pooling data from individual bears was prohibited by vaiyrng sample sizes both within and

among bears and years, and would have severely compromised the assumption of independent

observations by ignoring the effects of individual and yearly variation. Instead, I modeled habitat

use based on the "first and second stage" study design recommended by Cox and Hinldey (1974).

For the "first stage" I tested to see if selection differed among bears and among years by fitting a

separate logistic regression model for the bears that had the largest multiple year sample sizes. A

single model for each of these bears was then constructed using YEAR as both a main effect and

an interaction term, using a variable selection procedure based on the drop-in-deviance test

(Ramsey 1994). This test assesses the contribution of the proposed variables relative to the

observed data; variables that led to a significant reduction in model deviance (P 0.05) were

retained in the model. Interactions were not detected, nor were any variables highly correlated (r>

0.4). No year effect was present, which allowed data from multiple years to be combined into one

model for each bear (12), using the nine variables described in Table 4. These 12 modelswere

then examined, and any variable that was significantly associated with any bear's habitat selection

(P 0.05) was then included in a "grand" habitat association model. Data for each of the 12 bears

were then fit to the grand model, resulting in 12 model "summaries" each containing the same

variables along with their estimated coefficients and standard errors. These 12 summaries allowed

me to compare habitat associations for the 12 bears. Lastly, odds ratios were calculated to

quantify the effects of each variable. This can be referred to as a second stage study because the

final model summaries can be used to make inferences to the population of bears in the study area

by estimating parameters and examining the variability among individuals.
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Habitat Analyses: Landscape Scale

Known Versus Artificial Home Ranges

To compare the composition of female black bear home ranges to the landscape

(represented by the study area), three "artificial" home ranges (n 36) of the same size and shape

of each composite home range (n = 12) were generated and randomly located throughout the study

area using ARC/INFO. Pairing each known home range with three artificial home ranges

controlled for the variability found among the known home ranges, making for stronger

comparisons. Within each artificial and known home range the following variables were measured

using GIS coverages: roads per km2, streams per km2, proportion of each of the six habitat classes,

mean number of polygons per km2 (a measure of habitat fragmentation), and overall diversity of

habitat categories using the Simpson's Diversity Index (McGarigal and Marks 1994). The inverse

of this index expresses diversity as the odds of selecting at random two different habitats, thus the

higher the odds, the greater the diversity. The mean values for each of the artificial home range

variables were compared to the actual values of the known home range variables using a paired t-

test with P 0.05 (Appendix C). I hypothesized that known home ranges would be higher lii

diversity and fragmentation than random home ranges.

Habitat Use By Individual Bears

Habitat use was examined using a Chi-square goodness-of-fit test to compare habitat

availability within the entire study area to use based on the locations of each of the 12 female bears

classified to habitat. The proportion in each habitat class was based on the total area of each class

within the study area. When the Chi-square statistic was found to be significant

(P 0.10) for any bear, Bonferroni 95% confidence intervals were constructed to determine which

categories differed in use from expected.
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Seasonal Habitat Use

All bear locations were pooled and divided into three seasons based on plant phenology:

spring (den emergence to June 15), summer (June 16 - September 15), and fll (September 16 to

den entry). For each season, a Chi-square goodness-of-fit test was used to detennine if observed

use of the six habitat classes was different from expected (P 0.10), followed by 95% Bonfèrroni

confidence intervals to determine which habitats were used greater than, equal to, or less than their

availabilities.
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RESULTS

Home Range Size

The mean 95% annual ADK home range for 12 bears was 3,212 ha (range: 1667 ha -

8519 ha, SE = 1716 ha) (Table 5). The mean 95% MCP was 2,994 ha (range: 1033-9014, SE =

2189 ha) (Table 6). On average, MCP estimates were 7% smaller than ADK estimates.

Composite (multi-year) 95% ADK home ranges averaged 3,640 ha (Fig. 5, Appendix D).

Adaptive kernel home range sizes per bear and the number of locations used to calculate it

were not significantly related (P = 0.26). The presence of cubs (P = 0.76) and the year the bear

was tracked (P = 0.45) also were not related to the ADK home range size. The only variable found

to be associated with ADK home range size was "BEAR" (P = 0.03). To assess which bears

differed most significantly in terms of home range size, I used a t-test adjusted for multiple

comparisons to test the hypothesis of equal means between all possible pairwise comparisons (n =

91). The largest observed difference between home ranges belonged to bears 93-018 and 93-045

with composite home range sizes of 9, 149 ha and 5,238 ha, respectively. Bear 93-018 was a

relocated "damage bear" who had been released into the area the year prior to this study, and 94-

045 was a two-year-old, the youngest female bear in the study.

Home Range Fidelity and Overlap

Mean home range fidelity between years was 76% (range: 52 - 100%) for all bears tracked

for more than one year (n = 10). Overlap occurred among individuals who had adjacent home

ranges. Eight of the 12 bears overlapped to some degree (Fig 6), with 23% being the average

(range: 6 - 42%).
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Table 5. 95% adaptive kernel home range sizes and number of locations (n) per female black bear
in the central Oregon Cascades, 1993 - 95.

Year

1993 1994 1995 Mean

Bear Size (ha) n Size (ha) n Size (ha) n Size (ha) n

93-0 11

93-016

93-0 18

93 -024

93-026

94-037

94-038

94-041

94-045

94-049

94-050

95-063

Mean
SE

2632.00 60 2951.00 47 2407.00 49 2663.00 156
cubs

3988.00 54 2203.00 44 mortality 3096.00 98

8519.00 30 5845.00 34 lost collar 7182.00 64
cubs

2391.00 32 mortality 2391.00 32

2145.00 56 1828.00 42 5817.00 49 3263.00 147
cubs

2168.00 35 1954.00 85 2061.00 120

1667.00 32 1749.00 72 1751.00 104
cubs

2036.00 29 2094.00 60 2065.00 89
cubs

5939.00 25 6315.00 80 6127.00 105

2001.00 24 5373.00 48 3687.00 72
cubs

1971.00 24 2278.00 68 2125.00 92

3935.00 46 2861.00 34
2660.00 14 1633.00 8

cubs

2231.00 74 2231.00 74

3358.00 65 3212.00 96
1884.00 14 1716.00 35
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Table 6. 95% minimum convex polygon home range sizes and number of locations (n) per female
black bear in the central Oregon Cascades, 1993 - 95.

Year

1993 1994 1995 Mean

Bear Size (ha) n Size (ha) n Size (ha) n Size (ha) n

93-009 2042.00 19 mortality 2042.00 19

93-011 2017.00 60 1352.00 47 2253.00 49 1874.00 156
cubs

93-016 2359.00 54 1639.00 44 mortality 1999.00 98

93-018 6334.00 30 4052.00 34 lost collar 5193.00 64
cubs

93-024 8626.00 32 mortality 8626.00 32

93-026 1348.00 56 1220.00 42 2143.00 49 1570.00 147
cubs

94-037 1213.00 35 1318.00 85 1266.00 120

94-038 1085.00 32 1194.00 72 1140.00 104
cubs

94-041 1033.00 29 1411.00 60 1222.00 89
cubs

94-045 2468.00 25 3578.00 80 3023.00 105

94-049 9014.00 24 2064.00 48 5539.00 72
cubs

94-050 7650.0 24 1290.00 68 4470.00 92
cubs

94-051 2489.00 21 mortality 2489.00 21

94-063 1510.00 74 1510.00 74

Mean 3788.00 42 3019.00 32 1929.00 65 2994.00 85
SE 2969.00 17 2791.00 9 804.00 14 2189.00 42
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Figure 5. Composite 95% adaptive kernel home range sizes of female black bears in the central Oregon Cascades, 1993-1995.
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Figure 6. 95% adaptive kernel home range overlap among female black bears in the central
Oregon Cascades.
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Seasonal Movements and Forays

Females with cubs of the year increased their movements between successive locations

from spring to fall, exhibiting the greatest movements in the fall, averaging 2730 meters between

successive locations (Fable 7). Females without cubs decreased their movements in the fall, with

summer remaining the time of greatest movement, averaging 2387 meters between locations (Table

8). Forays occurred most frequently from mid-August to the end of September. The average

recorded foray> 1 km outside the 95% ADK boundary was 3.3 kin, and most forays were less

than ten days in length with all bears returning to their usual ranges (Table 9).

Habitat Use: Home Range Scale

Univari ate Analysis

Most of the bears (10 out of 12) used habitats disproportionately to their availabilities

within their home ranges (Table 10). Female black bears used grass-forb less than expected and

open canopy sapling/pole and mature timber classes more than expected compared to availability.

Because low sample sizes limited the power of the tests to determine significance, an examination

of the trends (disregarding significance) is helpful in discerning use patterns among individual

bears (Table 10). 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 closed canopy

mature timber more than availability.



Table 7. Number of locations (n), standard errors (SE), and mean distances moved (meters) per seasona, female black bears with cubs, in the central
Oregon Cascades, 1994-95".

Spring Summer Fall Overall

Year Bear ID mean (n) SE mean (n) SE mean (n) SE mean (n) SE

93-0 11
1994 93-018 1197,00 35 913.00 2467.00 37 1454.00 3050.00 23 533.00 2238.00 3 47.00

94-049

93-026
1995 94-038 1468.00 84 158.00 1922.00 97 1201.00 2411.00 65 868.00 1934.00 3 72.00

94-041
94-050

Overall 1332.00 2 192.00 2195.00 2 3855.00 2730.00 2 451.00 2086.00 2 15.00

aspring = den emergence - June 15; Summer = June 16 - Sept. 14; Fall = Sept 15 - den entry
bThere were no sows with cubs monitored in 1993.

vi



Table 8. Number of locations (n), standard errors (SE), and mean distances moved (in meters) per season", female black bears without cubs, in the
central Oregon Cascades, 1993-95.

Year

1993

n = 6 females

1994

n = 8 females

1995

n = 5 females

Overall

Spring

mean (n) SE

1772.00 29 1385.00

1902.00 66 1338.00

Summer

mean (n) SE

2339.00 117 488.00

2133.00 95 428.00

Fall

mean (n) SE

2122.00 94 2207.00

1825.00 61 1433.00

1977.00 117 1248.00 2690.00 129 2290.00 16530.00 83 1361.00

1884.00 3 104.00 2387,00 3 282.00 1866.00 3 238.00

aSpring den emergence - June 15; Summer = June 16 - Sept. 14; Fall = Sept 15 - den entry

Overall

mean (n) SE

2078.00 3 286.00

1953.00 3 160.00

2107.00 3 531.00

2046.00 3 296.00
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Table 9. Foraysa made by individual female black bears in the central Cascades of Oregon, 1993 -
1995.

Bear ID Date First Furthest Longest Axis of
Observed outside Distance Located Home Range
of Home Range

93-011 11/8/93 5.50km 8.00km 5 days

93-011 8/18194 3.75km 9.00km 14 days

93-011 9/16/94 2.50 km 9.00 km 9days

93-011 9/15/95 1.25 km 5.00 km 17 days

93-016 9/21/93 5.50km 10.25km 7days

93-018 7/21/94 1.50km 11.50km 8days

93-026 10/28/93 1.50 km 6.50 km 4 days

93-026 9/29/95 7.00 km 10.00 km 36 days

94-037 7/10/95 1.75 km 6.50 km 4 days

94-038 9/26/95 2.50km 5.25 km 15 days

94-045 8/15/95 8.00 km 11.00 km 2 days

94-045 8/30/95 3.00 km 11.00 km 7 days

94-049 10/24/94 5.00 km 6.00 km 18 days

94-049 8/28/95 1.50 km 11.50 km 8 days

95-063 6/16/95 1.25 km 6.20 km 4 days

95-063 9/28/95 1.50 km 6.20 km 18 days

aDefmed by locations >than 1 km outside of the annual 95% adaptive kernel home range
boundary.
bCalculated as the total time elapsed between the start date and the date first located back within
the home range boundary.



Table 10. Habitat use versus availability within individual female black bear home ranges. Comparison of the number of female black bears whose
use of habitat classes was significantly less than or more than expected (P 0.10), to the number of female black bears whose use of habitat classes
was less than or greater than expected (disregarding significance) within their home ranges in the central Oregon Cascades, 1993-95.

Use compared with expected's (P 0.10) Use greater or less than expecteda

Habitat Class Less than Not different than More than Less than More than
expected

grass-forb 4 5 1 9 1

shrub 2 7 1 8 2

open canopy 0 7 3 3 7
sapling/pole

closed canopy 2 8 0 7 3
sapling/pole

closed canopy 0 8 2 2 8
mature timber

open canopy mature 1 6 3 2 8
timber

a Selection was based on the Pearson Chi-square goodness of fit test and Bonferroni confidence intervals. Expected values were calculated using
proportion of habitat classes within 95% adaptive kernal home ranges for each bear.

00
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Logistic Regression

Of the nine variables included in the full models for each of the 12 bears (Table 4), all but

one variable, edge type, was significant for at least one bear (see Table 11 fbr the number of

random and known locations per edge type). The number of significant variables (P 0.05) per

bear ranged from one to five including stream distance, aspect, elevation, slope gradient, patch

size, road distance, edge distance, and habitat class. These variables explained habitat

characteristics that differed between random and known bear locations, and were used to construct

a general habitat association model (i.e., the "grand" model).

Next, data for each of the 12 bears were fitted to the grand model. Chi-square and? -

values from a drop-in-deviance test which compared the final model with a model without the

variable in question are located in Appendix E. The resulting variable coefficients can then be

compared across all the models to see if the effects are consistent from bear to bear (Appendix F).

Odds ratios (Table 12) represent bow much more likely it is for a location to be a known bear

location when the corresponding explanatory variable changes. Mean parameter estimates and

ranges for each variable are helpful descriptive tools for summarizing the model coefficients

(Appendix G).

A variable by variable assessment of the odds ratios for all bears yielded the following

results (Table 12). The variable "habitat" was significant for five bears (P 0.05). It has 6 levels

with "grass-forb" used as the reference level to which all other levels are 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 levels. Lack of concordance for bear 93 - 011 may be

attributed to the very low sample of locations for bear 93 -011 in shrub habitat. In general,

however, there was no clear relationship between sample size, availability of the habitat type, and

the odds ratios among the bears. For three out of the five bears, open canopy sapling/pole had the

highest odds of a location being known rather than random when compared to grass-forb.



Table 11. Proportion of random and known bear locations classified to edge type in the central Cascades of Oregon, 1993 - 1995.

Bear ID Total number of Proportion of Proportion of Total number of Proportion of Proportion of
known locations known low known high random locations random low random high
per bear contrast edge contrast edge per bear contrast edge contrast edge

locations locations locations locations

93 - 011 129 0.29 0.37 415 0.22 0.43

93-016 77 0.17 0.27 245 0.16 0.37

93-018 49 0.20 0.33 147 0.18 0.39

93-024 26 0.35 0.12 81 0.19 0.40

93 - 026 122 0,15 0.39 355 0.26 0.33

94 - 037 98 0.26 0.29 301 0.27 0.28



Table 11. Continued.

Bear ID Total number of
known locations
per bear

Proportion of Proportion of Total number of Proportion of
known low known high random locations random low
contrast edge contrast edge per bear contrast edge
locations locations locations

Proportion of
random high
contrast edge
locations

94-038 88 0.15 0.52 282 0.18 0.52

94-041 79 0.23 0.09 251 0.16 0.17

94-045 87 0.14 0.31 276 0.12 0.37

94-049 55 0.09 0.24 176 0.18 0.30

94-050 76 0.30 0.28 248 0.19 0.35

95-063 64 0.14 0.17 196 0,20 0.35

I-



Table 12. Odds ratios for the variables in the fmal logistic regression models for each female black bear in the central Cascades of Oregon, 1993 -
1995. Numbers underlined indicate that the variable was significant for that bear in the final model (P 0.05).

Bears

Variables 93-011 93-016 93-018 93-024 93-026 94-037

Habitats

shrub 0.376 2.007

open canopy 1.470 2.849
sapling /pole

closed canopy 1.801 5.865
sapling/pole

closed canopy 2.230 5.835
mature timber

open canopy 1.967 4.612
mature timber

Patch size 0.9998 0.9998

Stream distance 0.9977 1.000

Road distance 1.0034 1.001

*insufficient sample sizes to calculate parameter and odds ratios.

1.935 1.439 1.113 1.352

5.961 4.119 1.831 6.994

2.892 * 0.617 5.467

1.190 3.360 1.092 4.353

1.886 3.080 1.167 3.657

0.9991 0.9947 0.9999 1.0002

0,9977 0.9981 0.9965 0.9995

1.0001 * 1.0003 1.004



Table 12. Continued.

Variables 93-011 93-016

Bears

93-018 93-024 93-026 94-037

Edge distance 0.9955 1.004 1.0003 1.0032 0.9999 1.0015

Elevation 0.9994 0.9971 1.0002 0.9977 1.0001 1.0019

Slope gradient
moderate slope 0.444 0.801 0.994 1.145 0.531 2.273

Aspects

0 - 44 1.322 0.263 0.448 0.428 0.375 0.245

45-89 1.916 0.050 0.892 1.471 0.835 0.430

90-134 1.948 0.124 0.574 0.590 0.681 0.155

180-224 1.569 0.632 0.935 0.692 0.857 1.111

225 -269 1.633 0.582 0.715 * 0.852 0.438

270-314 1.791 0.269 0.788 * 0.696 0.694

315-359 1.109 0.167 0.290 1.974 0.879 0.196

No aspect 1.214 0.382 * * * *

sample of known observations to calculate parameter estimates and odds ratios.



Table 12. Continued.

Bears

Variables 94-038 94-04 1 94-045 94-049 94-050 95-063

Habitats

shrub 1.640 0.866 1.744 0.481 1.409 *

open canopy 2.861 0.729 1.845 1.947 1.292 5.264
sapling /pole

closedcanopy 1.664 0.799 1.412 0.914 0.334 2.116
sapling/pole

closed canopy 2.030 3.462 2.402 1.101 1.794 1.864
mature timber

open canopy 2.904 0.753 2.243 * 1.333 1.992
mature timber

Patch size 0.9964 0.9997 0.9998 * 0.9994 1.0006

Stream distance 0.9999 0.9908 1.001 0.9985 0.9965 0.9985

Road distance 1.0030 0.9997 1.0024 1.0007 0.9989 1.0023

sample sizes to calculate parameters and odds ratios.



Table 12. Continued.

Bears

Variables 94-038 94-04 1 94-045 94-049 94-050 95-063

Edge distance 1.0001 1.0006 0.9983 0.9984 1.0016 1.0020

Elevation 0.9993 0.9999 0.9983 1.0022 1.0005 1.0001

Slope gradient
moderate slope 1.487 2.385 1.375 0.868 0.665 2.263

Aspects
0 -44 1.414 2.209 0.690 1.785 3.635 0.340

45-89 1.223 1.857 0.826 1.707 6.607

90 - 134 0.734 1.763 0.941 2.929 5.981 0.700

180 - 224 0.978 0.823 0.498 2.4 17 0.598

225 - 269 0.648 3.648 0.477 0.435 1.000 0.258

270 - 314 1.149 2.220 0.566 0.685 3.757 0.481

315-359 1.184 1.431 0.681 2.316 2.036 0.636

No aspect 2.422 * * * * *

*hlsufficient sample sizes to calculate parameters and odds ratios.
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The highest odds for the other two bears were for the habitat classes closed canopy mature timber

(bear 93 - 011) and closed canopy sapling/pole (only slightly higher than closedcanopy mature

timber for bear 93 -016).

"Aspect" had seven levels each containing a range of 45 degrees; the reference level was

the range from 135 - 180 degrees; and one level was defined as "no aspect". Aspect was

significant for two of the bears in the final models (P < 0.007 and P= 0.002). These bears were

more likely to be found at the reference level (SE aspect) than at any of the other levels. "Slope

gradient", defined by the indicator variable "moderate slope", was significant for one bear at P =

0.03, and marginally significant for another bear at P = 0.07. In both of these models the odds

were higher that a bear location was on a steep slope.

The continuous variables all had vexy small coefficients and consequently, small odds

ratios. Interpretation of these ratios requires a basic understanding of how the ratios "work".

Regression coefficients for the continuous variables describe the relative change in the odds ratio

when the variable is increased by one unit (e.g. 1 ha, 1 m). For example, the coefficient for the

variable stream distance describes the effect that a one unit (in this case one m) change in stream

distance has on the odds ratio. A one m change would not be expected to significantly affect the

odds ratio, but a ten m or 100 m change would, and is far more biological reasonable. Stream

distance was significant for four bears. Multiplying bear 93 - 026's stream coefficient by 50 m and

taking the log odds reduces the odds that a location is a known bear location (and not a random

point) by 16%. For bear 93 -011, a 50 m change inthe stream distance reduces the odds that a

location is random and not known by 11%. In other words, known locations tendto be closer to

streams than random. In this manner, the odds ratios for continuous variables can be calculated to

describe the effect of any amount of change. Total mean values for the continuous variables (all

bears combined) are found in Table 13, and mean values for the continuous variables measured per

bear are found in Appendix H.



Table 13. Mean and standard error (SE) values for known and random continuous variables measured per female black bear (n 12) in the central
Cascades of Oregon, 1993 - 1995.

Known Random

Variables Mean SE Mean SE

Distance to stream (meters) 167.00 97.00 228.00 124.00

Distanceto road (meters) 307.00 215.00 287.00 200.00

Distance to edge (meters) 62.00 20.00 64.00 16.00

Patch size (hectares) 682.00 1103.00 693.00 1052.00

Elevation (meters) 968.00 188.00 970.00 240.00
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Patch size was significant for bear 94 - 041 (P = 0.036) and bear 94 - 050 (P = 0.053).

For both of these bears, the odds that a location is known becomes less and less likely as the patch

size increases. Road distance was significant for five bears; the odds of a location being known

increased the farther from a road the location became. 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, marginally significant at P 0.07 for bear 93 - 011,

indicated that this bear was likely to be found close to habitat edges.

Habitat Use: Landscape Scale

Habitat Use by Individual Bears Compared to Availability in the Study Area

All but one bear were found to use at least some habitats disproportionately to their

availability across the study area landscape (P < 0.10). The habitats used significantly more than

availability by any of the bears were open canopy sapling/pole, and both open and closed canopy

mature timber. The most frequently under-used habitats were grass-forb (eight out of 11 bears)

and shrub (four out of 11 bears). At this scale, most habitats were used in proportion to their

availabilities by the majority of bears (Fable 14). Total number of locations by habitat class are

listed in Appendix I.

Seasonal Habitat Use

Bonferroni 95% confidence inteivals indicated that in the springtime, a pooled sample of

bears used grass-forb less than expected; in the summer, bears used shrubs and closed canopy

mature timber less than expected, and open canopy sapling/pole and open canopy mature timber
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Table 14. Habitat use versus availability within the female black bear study area. Number of
female black bears using each habitat class significantly less than or more than its availability
(P 0.10) in the central Oregon Cascades, 1993-1995.

Habitat Class Less than

Use compared with expecteda (P 0.10)

Use not different than More than
expected

Grass-forb 8 3 0

shrub 4 7 0

Opencanopy 1 3 7
sapling/pole

Closed canopy 2 9 0
sapling/pole

Closed canopy 1 9 1

mature timber

Open canopy mature 2 7 2
timber

aSelec+jon was based on the Pearson Chi-square goodness-of-fit test and Bonferroni 95%
confidence intervals. Expected values were calculated using the proportion of habitat classes
within the study area boundary.
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more than expected. In the thil, bears used grass-forb and shrub less than expected, and closed

canopy mature timber more than expected (Fable 15).

Known Versus Artificial Home Ranges

There were significantly greater proportions of grass-forb habitats in the known home

ranges when compared to randomly placed artificial home ranges (P = 0.03, Appendix C).

Conversely, there was significantly less closed canopy sapling/pole in the known home ranges (P

0.01). While not significant at the P <0.05 level, there was a difibrence in the amount of open

canopy mature timber between the known and random, with known home ranges having more of

this type (P = 0.06). The remaining variables were not significant at the P 0.05 level

(Fable 16).



51

Table 15. Seasonal habitat use3 by a pooled sample of female black bears (n = 12) in the central
Oregon Cascades, 1993 - 1995.

Habitat Class Spring
n=315

Season

Summer
n=448

Fall
n=286

grass-forb - no difference -

shrub no difference - -

open canopy no difiBrence + no difference
sapling/pole

closed canopy no diftrence no difference no difference
sapling/pole

closed canopy mature no difference - +
timber

open canopy mature no difference + no difference
timber

- use less than expected, (P 0.10); + use greaterthan expected, (P 0.10). Selection was based
on the Pearson chi-square goodness of fit test and Bonferrom confidence intervals.
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Table 16. Mean and standard error (SE) values of variables measured in known and artificial
composite 95% adaptive kernel home ranges of female black bears in the central Oregon Cascades,
1993 - 1995. P-values are from paired t-tests.

Known Home Range Artificial Home Range

Habitat Variables Mean SE Mean SE P

Grass-forb 0.17 0.08 0.10 0.05 0.04

Shrub 0.09 0.03 0.08 0.04 0.72

Open canopy sapling/pole 0.12 0.06 0.12 0.05 1.00

Closedcanopy 0.14 0.05 0.22 0.11 0.01
sapling/pole

Closed canopy mature 0.32 0.13 0.35 0.08 0.53
timber

Open canopy mature 0.17 0.06 0.13 0.06 0.07
timber

Polygons perkm2 5.40 1.11 5.65 0.96 0.21

Simpson's Diversity Index 0.77 0.08 0.76 0.04 0.57

Roadsperkm2 21.58 7.58 20.03 8.78 0.19

Streams per km2 12.71 5.20 12.36 5.61 0.75
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DISCUSSION

The overall objective of this research was to define habitat characteristics that influence

female black bear autecology. 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 food resources leads to diverse selection strategies based on the

composition and availability of habitats within each black bear's borne range. Consequently,

although some generalities can be made, the female black bears in my study were highly variable

and individualistic in their selection of resources.

Many factors complicate and affect habitat use analyses. Black bears in particular are

difficult to capture, observe, and track. Therefore, it is difficult to obtain adequate samples of both

bears and locations. Small sample sizes are troublesome, and cause many researchers to pool data

across animals. Pooling may be justified if many observations are taken on a few animals (White

and Ciarrott 1990), or if tests for individual differences are performed first (Hellgren at al. 1991).

Chi - square and Bonferroni confidence interval analyses are sensitive to expected values of less

than five, but are reasonably robust to low observed frequencies. Manly at al. (1993) stated that

the tests may still be valid if expected values are low, but the outcome should be interpreted

cautiously. Despite values of less than five for some ofmy expected categories, I chose not to pool

individuals (with the exception of the seasonal analysis) for two reasons. 1) I wanted to maintain

among-bear variability (White and Garrott 1990). Because black bears are known to exhibit

variable selection based on habitat availability, pooling bears could mask important differences in

selection strategies. Some bears may not exhibit strong habitat associations within their home

ranges, and some may be highly selective. By considering each bear separately it is possible to

examine if the nature of the selection is different among bears (Manley at al. 1993). The approach

of fitting a separate logistic regression model for each bear, for each year the bear was tracked, is

known as a "Design Three" study (Thomas and Taylor 1990). Design Three studies pertain to
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individuals and are used to make population inferences. Maintaining bear populations across the

landscape necessitates quantifying the range of habitats suitable for black bears; pooled samples

may give stronger statistical results but may lead to erroneous inferences. 2) Because power to

detect selection may be low due to relatively small individual samples per bear, I provided use

trends in conjunction with statistically significant results for the home range Chi-square analysis

(Table 10). The fact that only two or three bears used mature timber habitats more than expected

at P <0.10 can be compared to the number of bears who used this type more than expected

regardless of significance. Manley et al. (1993) pointed out that extreme levels of significance

leave little room for doubt that selection took place. This was true for the Chi-square test, in which

the hypothesis that bears were selecting all habitats in proportion to their availability was rejected

for eleven out of the twelve bears at P < 0.01. Selection by the remaining bear could not be

discerned below P = 0.10 despite the fact that she had the second highest overall sample size of

locations (134) classified to habitat (Appendix I).

Failure to detect habitat selection may be due to a variety of reasons. For example, habitat

selection may be influenced by variables I did not measure. I used vegetation structure based

primarily on successional stage as the basis for habitat selection analyses; however the availability

of specific food patches within habitats, for example, may be more appropriate. Identifying the

vegetation structure associated with black bear locations does not identify the actual resources used

by black bears, and describing habitat use does not infer habitat importance. Presumably, black

bears use different habitats for different reasons. However, in most cases I did not observe the

animal, therefore I could not classify locations to activity type or infer which habitats were used for

a particular reason (e.g. bedding, foraging, traveling). Habitat association studies assume that

animals will select resources that maximize their fitness, and that higher quality resources will be

chosen over lower quality ones (Manly et al. 1993). A resource item may be highly favored but if

it is inaccessible, it may not be utilized to a great degree. Conversely, if resources that are less
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favored are highly abundant, they may be used more than expected. Therefore the results of

habitat selection studies cannot infer whether or not a resource is critical or preferred by an animal.

My six habitats were intentionally broad to reduce telemetry and mapping error, and

improve the power of my statistical analyses. Combining spectral signatures obtained from remote

sensing data into discrete habitat classes, and grouping pixels into polygons of a minimum size,

masks smaller patches that may be important to bears. On several occasions black bears were

visually observed feeding in wet seeps smaller than the minimum mapping unit of five ha.

Classifying these locations would only be possible from visual observation - telemetry error

prohibits accurately estimating bear locations at "microsites".

Determining availability is always somewhat subjective. Because female bears appear to

have strong home range fidelity (with the exception of occasional forays) it makes sense to restrict

estimates of availability to the home range for modeling each bear's resource selection function.

White and Garrott (1990) have another perspective: they believe that because home range estimates

are not error free, any error in calculating them is "injected" into the habitat analysis. I would

argue that any method of estimating availability is somewhat arbitrary and prone to error. By

using bear home ranges in conjunction with a study area defined by the area sampled for bears I

was able to assess habitat utilization at both scales.

It is false to assume that resource availability is constant over time. Yearly fluctuations in

berry crops are common, and many studies have noted that bears exhibit variable selection

strategies in order to deal with crop and mast failures. Therefore, pooling data across years is not

valid without testing for yearly differences in resource use. By considering each year a bear was

tracked as a replicate, the hypothesis that habitat use differs among years can be tested (Manley et

al. 1993). I failed to find a between year difference in habitat use based on the term YEAR in my

logistic regression models. However, failure to find a year difference may be due to small sample

sizes.
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Habitat use is influenced by the presence of other animals in the population, and

consequently the assumption of independence among animals may be violated. Social constraints

may exclude some individuals from having equal access to resources, even within their home

ranges. Although female black bears tend to tolerate overlap with other bears' home ranges,

dominant males and some females may exclude subordinate bears from resources. I assumed the

bears I studied were independent; in reality, some of the bears with adjacent home ranges may have

been siblings or offspring.

Independence among locations also may be violated. I assumed that bear locations

obtained no more than once per day per animal (and usually no more than once every two days)

were independent. This assumption is supported by Swihart and Slade (1985) who stated that an

approximation of independence of successive observations is likely achieved by studies in which

the time interval is > than 24 hours. However, Schooner's test of independence (Schoener 1981)

indicated that locations for most of the bears were autocorrelated. The violation of the assumption

of independence may have affected home range estimates and habitat analyses. Nonetheless, I

chose to accept this possibility rather than limit my sample size by discarding locations. The trade

off between sample size and independence is one every researcher using radio telemetry to study

highly mobile, difficult to observe animals, must make. Biological significance as well as

statistical significance must be considered when detemiining a sampling scheme. In this study,

habitats within bear home ranges were extremely fragmented - in most cases a bear had the option

of being within a different habitat class in a matter of minutes, if it chose to do so. In addition, the

scale at which I calculated home ranges (yearly) surely influenced autocorrelation as well - at this

scale, I would not expect black bears to move randomly.
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Lastly, estimates of habitat use are prone to error from a variety of sources including radio

telemetry and map accuracy. Furthermore, error tends to accumulate through the multiple layers

of data combined in a GIS. Errors should be minimized whenever possible and their effect on

estimates of habitat use acknowledged. A certain degree oferror is inevitable, and will potentially

affect research conclusions.

Home Range Size

Home range size differed significantly among the 12 female black bears (P 0.03). This

may indicate that the quality and spatial arrangement of food patches available to individuals was

highly variable affecting bear foraging, and consequently, home range size. Several investigators

noted that black bears may adjust the size of their home range to encompass certain habitats

(Lindzey and Meslow 1977, Amstrup and Beecham 1976, Garshelis and Pelton 1981). Amstrup

and Beecham (1976) reported that the size ofa female bear's home range may represent the

minimum area necessary for black bear survival in a given area, and Lindzey and Meslow (1977)

stated that a small home range may be indicative of high quality habitat in which all needs could be

met in a relatively small area. Pelchat and Ruff (1986) suggested that because of the fluctuating

nature of black bear home range size, size could be used as an index to both annual and regional

habitat quality.

The average 95% minimum convex polygon home range size for female black bears in my

study was 2,994 ha (30 km2). Comparisons among studies are complicated by differences in

habitat availability, calculation methods, and sample size. Because home range size varies

dramatically across geographic regions (Fable 17) the most valid comparisons should be those

made to areas with similar habitats. However, home ranges in the Cascades of Oregon are much

larger than in western Washington, despite similarity in vegetation composition and structure.
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Table 17. Mean annual female black bear home range sizes in North America.

Size
2)

Location Method Citation

20 Alberta (East Central) Minimum Area Young and Ruff 1982
Method

1 Arkansas Minimum Convex Smith 1985
Polygon

35 Arkansas (Interior Highlands) Minimum Convex Clark 1991
Polygon

18 Arizona (Central) Minimum Area LeCount 1982
Method

17 California (Southern) Minimum Convex Novick and Stewart
Polygon 1982.

34 Colorado (West Central) Minimum Convex Beck 1991
Polygon

49 Idaho (Northern) Minimum Convex Amstrup and Beecham
Polygon 1976

13 Idaho (West Central) Minimum Area Reynolds and Beecham
Method 1980

20 Louisiana Minimum Area Taylor 1971
Method

43 Maine (Northern) Minimum Convex Hugie 1982
Polygon

29 Manitoba (Western) Minimum Convex Klenner 1987
Polygon

28 Massachusetts Minimum Convex Elowe 1984
Polygon

26 Michigan (Upper Peninsula) Minimum Convex Erickson and Petrides
Polygon 1964

48 Michigan (Drummond Island) Minimum Convex Hirsch 1990
Polygon

5 Montana (Northwest) Minimum Convex Jonkel and Cowan
Polygon 1971

20 New Hampshire (Northern) Minimum Convex Meddleton and
Polygon Litvaitis 1990

8 North Carolina Minimum Convex Landers et al. 1979
Polygon

30 Oregon (Cascades) Minimum Convex This study
Polygon

41 Pennsylvania Probability Alt et al. 1980
Elipse

15 Tennessee (Smokies) Minimum Convex Garshelis and Pelton
Polygon 1981.



Table 17. Continued.

Size

Q2)

21

2

4

10

49

14

Virginia

Washington (Long Island)

Washington (Long Island)

Washington (Western)

West Virginia

Wisconsin (Northern)

Method

Minimum Convex
Polygon
Minimum Convex
Polygon
Minimum Convex
Polygon
Minimwn Convex
Polygon
Probability
Elipse
Minimum Convex
Polygon

Citation

Hellgren and Vaughan
1990
Lindzey and Meslow
1977
Barber 1983

Poelker and Hartwell
1973
Brown 1980

Kohn 1982
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Black bear home ranges were reported to be 4 km2 (Barber 1983), and 2 km2 (Lindzey and Meslow

1977) on Long Island, and 5 km2 (Poelker and Hartwell 1973) on the western mainland. The large

difference in home range size for female bears in this studymay be attributed to the harsher

climate, and consequently shorter growing season, found in the Cascades. Evidently, black bears

in this study need to encompass a greater area within their home ranges to meet their requirements

for survival.

Home Range and Food Resources

Several researchers found that home range size and location were found to shift annually

and seasonally in response to food availability (Ainstrup and Beecham 1976, Reynolds and

Beecham 1980, Unsworth et al. 1989). Although I found strong home range fidelity between

years, I detected shifts in boundaries and in areas of concentrated use that I interpret to be

associated with changes in food availability. Stands with fire histories were especially lush with

grass and legumes such as sweet pea (Lathyrus spp.), and bears whose home ranges encompassed

these stands tended to spend time in them in the early spring when other foods were scarce. Bears

were also observed traveling and feeding along roadsides more often in the spring when roadside

vegetation was lush (personal observation). One male bear was seen feeding on horsetail

(Equisetum spp.); and scats composed largely of grasses were conspicuous on many of the roads

during the spring. Bears were often observed or heard ripping open downed logs in search of

invertebrates in the late spring and early summer. Piekielek and Burton (1975) found insects to be

a major source of protein from late spring to early fall. As summer progressed, bear sign was less

common on roads as berries ripened in mid-June. Bears whose ranges had marked elevational

gradients moved upwards to feed on higher elevation species such as big huckleberry, pinemat

manzanzita (Arctostaphylos nevadensis), mountain ash (Sorbus sitchensis), and beargrass.

Manzanita berries were abundant in the fall and scats composed ahnost entirely of these berries
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were common beginning in September. Manzanita berries appear to be an important fall food item

as they persist well into the autumn season; bears were observed feeding on them as late as mid-

November. This is in agreement with studies in California, where manzanita bemes made up a

majority of diet in late summer (Grenfell and Brody 1986, Kellyhouse 1986). Grenfell and Brady

(1986) hypothesized that in California, black bears avoided closed canopy stands with little

manzanita tmderstory atthis time of year.

Seasonal Movements and Forays

Patterns of seasonal movement indicated that all bears increased their movements from

spring to summer regardless of the year. Bears with cubs, however, continued to increase their

movements into the fall, with fall having the greatest movements between successive locations

(Fable 7). Garshelis and Pelton (1981) also noted that females with cubs exhibited the highest

activity levels of all cohorts in Great Smokies National Park in the fall presumably to replace body

reserves following spring and summer lactation. Eagle and Pelton (1983) concured, stating that

sows with cubs have greater protein requirements throughout the year, thus accounting for their

higher levels of activity. Female bears without cubs decreased their movements in the fall, with

summer remaining the time of greatest movement among locations.

Forays to areas outside of home ranges are well documented, with late summer/fall

movements most common among female black bears (Pelchat and Ruff 1986), oftentimes to higher

elevations (Novick and Stewart 1982). In my study, forays occurred most frequently in early

autumn (Table 9) and were typically associated with an increase in elevation as bears with lower

elevation ranges traveled upslope. Most forays were < 10 days in length, and all bears returned to

their usual ranges. The second longest foray, at the end of September 1995, was by female 93-

026. She and her two cubs traveled approximately 7 km to a high elevation ridgetop (Juniper

Ridge, elevation 1,676 m) presumably to feed on an abundant crop of big huckleberiy. A female
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without cubs also made a foray to this ridgetop, (traveling 3 km), as well as several male bears.

Female bear 93-018, whose home range encompassed Juniper Ridge used this area each fall.

Other notable forays included female 94-049 who annually crossed state highway 58

bordering her home range during the fall months. In 1994 she covered a distance of 5 km with her

cub before returning to her usual range. She repeated this pattern in 1995 and was subsequently

killed by an automobile while crossing that highway. Female 93-016 traveled approximately 5.5

km to the Diamond Peak Wilderness in 1993; she returned to her usual home range within ten days.

Home Range Overlap

Home range overlap was common among adjacent radio-marked female bears, and

unmarked individuals also were observed inside established female home ranges. Thus, estimates

of home range overlap represent the minimum overlap present, because not all the bears in the

study area were captured. Despite home range overlap, female bears tended to segregate spatially

and temporally; seldom were adjacent bears in home range overlap areas at the same time. This

was especially apparent as patchy food resources became locally abundant. One unique stand

contained numerous bitter cherry (Prunus emarginata) trees and was visited by three of the

adjacent female bears within the same week, but on different days. Another stand, also unique for

its diversity of food plants including bitter cherry, cascara (Rhamnus purshiana) and mock orange

(Phi ladeiphus lewisii) also was visited sequentially by two other bears whose home ranges were

adjacent. Peichat and Ruff (1986) found little overlap among female bears, but when it did occur,

they also noted temporal avoidance. They suspected siblings or females and their oftpring were

largely responsible for the observed overlap. Reynolds and Beecham (1980) recorded extensive

overlap in Idaho (with the exception of core areas) as did Lindzey and Meslow (1977) in

Washington. From an evolutionary standpoint and based on foraging theory, the patchiness and

variability of food sources argues against a strategy of defense of food resources in favor of
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temporal or spatial avoidance. On only one occasion did I observe active avoidance: the resident

radio-marked female quickly retreated into timber upon the arrival of an older, obviously dominant

radio-marked female into the same clear cut. Lindzey and Meslow (1977) speculated that social

hierarchy among females was based on age, and could be an indication of relatedness.

Habitat Use at the Landscape and Home Range Scale

Analyzing habitat selection at more than one scale allows for a description of habitat

relationships not evident at a single level of resolution (Woodbridge 1991). Selection processes

operating at finer resolutions (the home range) are inevitably the product of landscape

characteristics. Consequently the home range and the landscape are far from independent.

At both the home range and landscape scales, female black bears most often selected for a

combination of open canopy/sapling pole stands, and mature timber types. Open canopy/sapling

pole stands offer a combination of light-dependent food plants (berries, in particular) with the

added security of tree cover. Berries (primarily Vaccinium spp.) ripened starting in mid-June, and

bears used open canopy sapling/pole stands more than expected throughout the summer. Canopy

openings also contained grass (Graminae spp.), an important spring food, although bears did not

use open canopy/sapling pole stands more than expected in the spring. Likewise, bears did not use

grass-forb habitats more than their availability in the spring, despite foraging opportunities.

Mature timber, (both open and closed canopy), was selected most often in the fall. These stands

presumably offer alternative bear foods as summer foods became scarce, and offer escape cover as

hunting seasons increased vehicular and human disturbance. My results concur with many other

western black bear studies. The importance of forested habitats to black bears is well documented

(Bray and Barnes 1967, Herrero 1972, Kellyhouse 1980, and Lindzey and Meslow 1977).

Preference for mature timber was documented in Idaho (Young and Beecham 1986) and northern

California (Kellyhouse 1980). Young and Beecham (1986) found that in Idaho black bears spent a



64

considerable amount of time bedded in timber in the spring and fll; apparently the security of

vertical escape cover offered by trees was important. Young and Beecham (1986) also noted that

habitat use varied dramatically by sex: fmale black bears used timber much more than males.

This could be the result of females with cubs staying in timber to protect cubs. In my study, small

sample sizes prohibited me from analyzing habitat selection bysows with and without cubs

separately, but I noted that sows with cubs-of-the-year remained in timber almost exclusively in the

spring. Unsworth et al. (1989) found that in Idaho bears without cubs usedopen timber in spring,

whereas bears with cubs used open timber with dense shrub understories. In contrast, Peichat and

Ruff (1 986) found no difference in use ofcover by females with or without cubs in Alberta.

Relationship of Food and Cover

The combination of cover and food has been documented as a determinant of habitat

selection by black bears (Young and Beecham 1986, Lindzey and Meslow 1977). Unsworth et al.

(1989) noted that selection cut/shrubflelds (open canopy mature timber with a shrub understory)

were often used by foraging black bears in Idaho. I found selection against grass-forb habitats

among female black bears despite the occurrence of bear foods (grass, ant hills, berries) and the

prevalence of this type in many home ranges. Numerous recent cuts could impact the quantity of

available bear forage because this seral stage (grass-forb) may persist for up to 10 years on some

sites before shrub and conifer regeneration significantly increase cover, and hence utility, for black

bears. In western Washington, the most siniiliar study in terms of habitats, bears did not begin to

use clearcuts greater than availability until they were 18-25 years old (Lindzey and Meslow

1977). This age approximates my sapling/pole habitat, which begins to occur 10 - 20 years

following clearcutting. In agreement with this study, older regeneration cuts were more often

selected than recent cuts even when recent cuts apparently had food available.



The proximity of cover to feeding areas also has been postulated as influencing habitat

selection in several studies (Lindzey and Meslow 1977, Novick and Stewart 1982, and Grenfell

and Brody 1986). Lack of adequate hiding and/or escape cover near foraging areas may preclude

their use by foraging female bears. Sows with cubs, in particular, may forgo foraging

opportunities in otherwise high-quality food patches if they are far from cover. I noted sows

leaving cubs along wooded edges while they ventured out into more open habitats to feed. Because

of the relationship between cover and food requirements, I hypothesized that patch size may

influence habitat selection. Specifically, I theorized that female black bears would be more likely

to use open habitats if they were below a certain size threshold. Conversely, large patches may

inhibit use because bears may be reluctant to forage very far into large areas devoid of cover

despite food availability. Patch size was significant for two bears (P < 0.05). These bears were

more likely to be found in smaller patches. The home ranges of these two bears were somewhat

unique in that they contained large contiguous blocks of unmanaged timber. Selection for small

patches may be the result of increased foraging opportunities in managed stands of vaiying seral

stages and along habitat edges created by clearcutting.

Habitat Edges

Edges between habitats may maximize the combined benefits of cover and foraging ratios.

In both this study and the study in western Washington, (Lindzey and Meslow 1977), over half of

all bear locations were in edge habitat (<50 m from the boundary of two habitats). Lindzey and

Meslow (1977) suggested that the juxtaposition of cover and food was of paramount importance in

the selection of habitats, with many bear locations occurring along habitat edges, which offered the

safety of cover adjacent to more open foragingareas. Despite the high proportion of edge locations

(Table 11), I detected marginal significance (P = 0.077), for the "distance to edge" variable for

only one bear, 93-011, in the final model (Appendix Hi). Incidentally, Bear 93 -Oil's home
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range was among the highest in overall diversity. This is a reflection of the high number of

habitats within her home range and hence is related to the amount of edge. The overall mean

distance from edge for all bear locations was 62 m (Table 13).

I hypothesized that not only would the distance to edge be important to female black bears,

but the yp of edge would also influence use. I was unable to support this hypothesis; the variable

"edge type" was not significant for any bear in any model (P 0.05). I classified 238 bear

locations as "low contrast edge" and 289 as "high contrast edge" (Table 11). It could be that my

edge classifications, based on structural contrast between habitat types, were inappropriate; the

edge buffer I specified, (50 m on each side of a habitat boundary), was too large; or other fctors

not measured influenced habitat selection.

Roads may affect habitat selection by black bears. Disturbance caused by traffic may

preclude bears from using a particular resource, or conversely, facilitate travel between food

patches if traffic volume is low. Roadside vegetation can be especially lush and may consist of

disturbance regime plant species attractive to bears (berry species, horsetail). Consequently, roads

have been found to attract black bears (Can and Pelton 1984, Gamer 1986). Although I did not

observe female bears feeding on roadside vegetation, female bears were observed crossing roads on

several occasions. On occasion, the noise of my vehicle startled bears foraging in habitats visible

from the road causing them to move into denser cover.

The variable "road distance" was significant for five female black bears (P < 0.10); bears

were more likely to be found at increasing distances from the nearest road. My map coverage did

not distinguish between road types (e.g., primary, secondary), howeverthe majority of roads in the

study area were secondary, graveled logging roads. Distances to roads vary among studies.

Hellgren et al. (1991) found that 55% of all their bear locations were < 400 m from the
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nearest road. The mean distance to the nearest road in my study was 307 m (1'able 13). In

contrast, Unsworth et al. (1989) noted that female black bears in Idaho were located> 50 m from

roads in all seasons. However, comparisons among studies are confounded by disparate road

densities, and road types.

Aspect, Elevation, and Slope

Topographic features such as slope gradient, aspect, and elevation strongly influence

vegetation distribution and composition. The affect of topographic features on black bear habitat

use varies widely among geographic regions. In southern California, Novick and Stewart (1982)

found higher activity on drier southern slopes, and in Idaho, Unsworth et al. (1989) noted that

female bears selected foraging areas where topographic features enhanced the growth of mesic

vegetation. In this study, north fces of high elevation ridges tended to be "moisture sinks"

containing lush, subalpine meadows and seeps. Drier, steeper, southern slopes were markedly

different in species composItion than the wetter, lower elevations. Aspect was significant for two

of the bears, both of whom were more likely to be found at southeasterly exposures. Dry site

species available to black bears on southern slopes in my study area included manzanita, mountain

ash, and grass. Elevation was significant for three bears; two of them were more likely to be found

at low elevations. Slope gradient was significant for two bears, both of which were more likely to

be found on steep slopes. Mollohan (1989) found that females with cubs selected for steep slopes,

and Unsworth et al. (1989) stated that steep slopes were important for bedding.
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The presence of water may offer important feeding opportunities byinfluencing the
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availability of riparian vegetation and perhaps providing fish carcasses and aquatic invertebrates

(Young and Beecham 1986). Riparian corridors are protected from harvest by regulations on

forestlands in the form of streamside buffers. Streamside buffers may provide important cover and

travel opportunities in areas otherwise devoid of timber (Kellyhouse 1980). The resolution of the

LANDSAT image precluded mapping and classifying riparian areas, and small sample sizes

prohibited me from classifying streams to order in my analysis. Instead, the variable, "distance to

stream" may provide information as to the general significance ofwaterways to female black bears

in my study. Four of the 12 female bears showed a positive association with streams; i.e., known

bear locations were more likely to be closerto streams than random locations. The mean distance

to the nearest stream for bears in this study was 170 m (Table 13). Unsworth et al. (1989) found

black bears to be < lOOm from streams at all times in Idaho.

Landscape Scale Analyses

Known Versus Artificial Home Ranges

Habitat use by individual female black bears is constrained to the range of options

available within the home range. Although the females in my study made occasional forays and

exhibited somewhat flexible home range boundaries, they were largely confined to discreet

geographic areas. Maximizing habitat features that promote individual fitness and survival is

therefore crucial during home range establishment. Habitat diversity was found to be an important

attribute within black bear home ranges (Jonkel and Cowan 1971, Kemp 1979, Lawrence 1979,

Bray and Barnes 1967). Home ranges encompassing a variety of habitats are more likely to ensure

a continuous supply of food throughout the year as food plants mature, as well as offering
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alternative foods in years of mast failure. Kellyhouse (1980) theorized that home ranges high in

diversity increased cub survival in the first year of life by reducing the distance necessary to

successfully forage. Based on these observations, I hypothesized that diversity (as expressed by

the odds of selecting at random two different habitats) within female bear home ranges would be

higher than in the overall landscape. The mean difference in the Simpsons Diversity Index

between known home ranges and the landscape (as estimated by using artificial home ranges) was

only 0.02 (Table 16). I was unable to accept my hypothesis (P = 0.41). Evidently, diversity was

sufficiently high throughout my study area population (largely due to intensive timber management

creating a mosaic of regenerating stands interspersed with blocks of uncut timber) that bears did

not need to actively select for habitat diversity. Associated with intensive management,

fragmentation (measured in the number of habitat polygons per square kilometer), also was high in

both known home ranges and the landscape, although known home ranges were slightly less

fragmented than the study area landscape. Consequently, I also was unable to accept the

hypothesis that female black bear home ranges were more highly fragmented than the landscape (P

= 0.21). Lastly, I found no difference in stream and road densities between known and artificial

bear home ranges.

Habitat Composition

Artificial home ranges differed significantly from known home ranges in the proportions of

two classes of habitat. Known home ranges contained a significantly greater proportion of grass-

forb than random home ranges. The significantly larger proportion of grass-forb habitat in known

home ranges is difficult to explain. The majority of female black bears (nine) used grass-forb less

than availability within their home ranges (Table 10), and a pooled analysis found female bears

also using grass-forb less than expected in the spring and fall (Table 15). These results were

corroborated by the logistic models which indicated that the odds ofa known location occurring in
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grass-forb were lower than for any other type of habitat. If the difference is real (and not due to

Type I error), I surmise that there is an association with grass-forb that I filed to identifr, for

example, the significance of grass-forb may be conditioned upon some other feature of the

landscape I did not measure. More grass-forb habitat might indicate that the area has been

intensively managed in the past, and that older units are more available as well. This finding was

in contrast to Lindzey and Meslow (1977): they found that in Washington, the shape of female

home ranges was influenced by the placement of recent clearcuts, which female bears avoided and

excluded from their home ranges. Another explanation may be that my sampling scheme was

inadequate to detect bear locations in grass-forb. However, bears were systematically monitored to

obtain a sample of locations that reflected the entire period from sunrise to sunset and nocturnal

activity monitoring (Appendix J) indicated little nighttime movement by female bears. Other

studies in Washington (Lindzey and Meslow 1977, Poelker and Hartwell 1973) and Idaho

(Amstrup and Beecham 1976) also described black bears as largely diurnal.

Known home ranges contained significantly less closed canopy sapling/pole stands than

random home ranges, and seven bears used this habitat less than expected (Fable 10). Despite

their security value, these stands have limited other utility for black bears in the central Cascades.

Prior to stem exclusion these stands often are extremely dense - little light penetrates the canopy;

understory vegetation, and consequently bear food, is sparse. In contrast, closed canopy mature

stands have a great deal more to offer black bears. These older, more structurally diverse stands

have canopy gaps, downed woody debris, and a greater variety of plant species. The selection for

mature timber was evident in the overall composition of the home ranges - closed canopy mature

timber was the most prevalent habitat in 10 of the 12 home ranges (Appendix C) and was used

significantly more than expected in the thll (Fable 15). Open canopy mature stands were used

more than expected in the summer, when light-dependent bear foods (in particular Vaccinium spp.)

are available. The significance of a light-penetrable canopy is evident in the selection for open

canopy sapling/pole stands. In both the home range and landscape scale analyses, the majority of
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female bears used this class more than availability. Use was concentrated in the summer months,

reflecting the availability of bear forage at this time of year. Despite selection for open canopy

sapling/pole habitats, home ranges did not contain a higher proportion than the overall study area

landscape. This analysis may be complicated by the fact that black bears are matriarchal, and to a

degree, female offspring inherit part of their home range from their mother, thus limiting complete

"choice" of home range establishment locations. A study of the habitat composition of home

ranges established by male subadult bears following dispersal may be instructional.
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CONCLUSIONS

Female black bears in the central Cascades of Oregon inhabited geographically stable

home ranges averaging 3,212 ha (95% adaptive kernel. Table 5) and 2,994 ha (95% minimum

convex polygon, Table 6). Home range size was significantly affected by individual variation

among bears (P = 0.03). Differences in home range size may be attributed to the highly variable

composition and spatial arrangement of habitats within individual home ranges. Female black

bears tolerated considerable home range overlap with adjacent female home ranges; separating

themselves in overlap areas both spatially and temporally. Home range fidelity was high from year

to year. However, bears shifted use within their ranges as food availability changed. Sows with

cubs increased their movements from spring to fall; females without cubs exhibited the highest

activity levels during the summer months. Forays to areas outside of home ranges occurred most

frequently in the early to mid-autumn as bears made excursions to higher elevations to take

advantage of seasonally abundant food resources.

Female black bears consistently selected habitat classes that offered a combination of tree

cover and food. Open canopy sapling/pole stands offer a combination of light-dependent bear

foods (berries, in particular) with the added security of tree and understory shrub cover. Mature

forest stands offer escape cover in the fall as hunting seasons increase vehicular and human

disturbance, and presumably offer alternative food sources as summer berries become scarce. In

addition, female black bears were negatively associated with roads and positively associated with

streams. Consequently, roads located along watercourses may decrease the use of nparian areas

by bears.

I conclude that cover took precedence over foraging opportunities - female bears did not

often venture into open stands despite food availability. I suggest that although grass-forb and

shrub habitats often had a variety of bear foods present within them, the absence of trees negated

their value for female black bears.
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SUGGESTIONS FOR MANAGEMENT

Female black bears differentially used forested landscapes. In particular, I found female

bears selecting structurally diverse habitats with canopy openings and shrub understories.

Younger seral stages (grass-forb and shrub), although theymay produce foods suitable for bears,

were seldom used. Consequently, although black bears exhibit remarkable plasticity to fluctuating

forest conditions, forestry practices may still havea significant impact on bear populations.

Products of widespread clearcutting, the managed forests of western Oregon primarily consist of

regenerating stands of Douglas-fir interspersed with stands of mature, unmanaged forest. The

landscape is a checkerboard of even - aged stands ranging from grass-forb habitats to mature

forest. Thus, the prevailing influence timber practices have had on black bear habitat is the spatial

and temporal alteration of successional regimes. Based on stand condition descriptions found in

Brown et al. (1985), and the results of this research, I suggest the following practices to create,

maintain, and enhance habitat for female black bears in the central Oregon Cascades.

Female black bears were consistently associated with open canopy sapling/pole stands and

mature timber. Therefore, silvicukural techniques that promote the development and maintenance

of these types would benefit black bears. Opening up dense canopies by thinning, pruning, or

creating canopy gaps would promote the growth of understory vegetation important for both

foraging and hiding cover.

Maximizing food and cover could likely be achieved by enhancing both structural and

compositional diversity. Uneven-age management practices create structurally diverse stands, and

maintaining local diversity "hot spots" may provide for a variety of bear foods. Based on my

observations of foraging female bears, I suggest that areas composed of the following species or

types of habitat are of importance to black bears in the central Cascades of Oregon: mast

producing hardwood species such as mazanita, blue elderberry (Sambucus mexicana), bitter

cherry, cascara (Rhamnus purshiana), white oak (Quercus garryana), and mountain ash (Sorbus
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scopulina), high elevation areas containing numerous Vaccinium spp., and wet meadow vegetation

(grasses/sedges/forbs).

Female black bears underutilized grass-forb and shrub stands. In this study, these two

habitats were most often the product of clearcutting. I 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 edge habitat.

The grass-forb and shrub stages may be bypassed altogether by creating shelterwood stands.

On many occasions, female bears were observed or heard ripping open decaying logs in

search of insects. Bear use (peeled bark, claw marks) of downed woody debris and slash left on

site after logging was evident in many areas. Providing habitat for insects should help to ensure

that bears had an ample supply of this protein-rich food.

Female black bears were positively associated with streams. Riparian areas may be

important for security, traveling, and feeding. Consequently I presume that riparian buffers are

useful to black bears. Conversely, female black bears were negatively associated with roads and

would probably benefit from road closures.
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SUGGESTIONS FOR FUTURE RESEARCH

Infonnation on wildlife habitat use is but a building block upon which to pose and test new

hypotheses. Many issues surrounding black bear habitat use remain unexplored and in need of

elucidation. For example, what is the range of bear foods present in each habitat? How do

management practices affect the occurrence of these foods? Are these foods highly subject to

yearly fluctuations? Foraging studies (e.g., long-term food plots, scat analyses) done in

conjunction with demographic research are needed to correlate fitness with the availability and

quality of bear foods.

The juxtaposition of habitats may also influence use by bears. Analyzing both the

composition of black bear habitat as well as the spatial relationships between habitats would be

useful in discerning landscape patterns to which black bears respond. Forestry practices are

changing to embrace the new paradigm of ecosystem management and the concepts of landscape

ecology. Precipitated by concerns over the loss of ecosystem function, emphasis is shifting from

single species protection plans to ecosystem conservation strategies. These landscape level

management plans must be based upon the best available knowledge to adequately guide natural

resource use and wildlife conservation. Indeed, for large, long-lived mammals like the black bear,

their survival depends upon habitat management efforts at the landscape level due to large home

ranges, omnivorous habits and seasonal use patterns (Schoen 1990). Hence, understanding how

forest structure and pattern influence one of the region's largest animals may assist in the

implementation of forest plans. Given that appropriate data were available, spatially explicit

models could be constructed based on foraging theory, the ratio of cover to food availability, and

bear movement data. These models could then be used to predict the effect of timber harvest plans

on bear habitat, and make recommendations for forest management.

Agencies responsible for wildlife management often wish to make broad management

guidelines from single studies with small sample sizes. Inferences are made from the population
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under study, extrapolated to other areas within the state, and compared among different regions.

Habitat classes based on structural attributes make sense in an area largely comprised of

regenerating stands of Douglas-fir; therefbre comparisons to my research are most appropriate

when both the vegetation composition (primarily managed coniferous forest) and classification

(stand structure attributes) are similar. Comparisons with other studies may be of questionable

validity because habitat classes and mapping resolutions vary widely both among studies and

among geographic regions. Oregon's ecoregions are highly diverse, ranging from the open

subalpine mixed conifer forests of northeast Oregon to the mild, wet rainforests along the coast.

Given the black bear's propensity to exhibit a variety of resource exploitation strategies basedon

habitat availability, it is to be expected that populations are unique. The results ofmy study apply

y to the managed westside forests of the central Cascades. Further black bear studies in Oregon

are necessary to determine the range of variability present in Oregon's black bear population, and

to assess the impact of changing land management practices. At a minimum, three additional

habitat studies should be conducted to represent the broad array of bear habitat found in the

Oregon; including the Wallowa and Blue Mountains in northeast Oregon, the Coast Range, and the

Siskiyou Mountains. Bear populations should be monitored concurrently with habitat association

studies, and research should span at least 10 years to capture fluctuations in food plant abundance

and hunter harvest rates in order to gauge black bear population response. Oregon's large black

bear population is indicative of the extent of forested areas remaining in the state. Sustaining these

populations in the face of expanding resource extraction requires an understanding of the forces

that contribute to black bear viability and management approaches that are responsive to changes

in food availability and cover.
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Appendix A. Capture data for 14 female black bears in the central Cascades of Oregon,
1993-1995.

Bear ID Date Ear Tags (Yellow) Year of Biith Pelage Color Mass (kg)

Left Right

93-009 6/14/93 425 424 1983 Black 50

93-011 4/30/93 463 464 1987 Black 39

93-011 5/23/93 463 464 1987 Black Unknown

93-016 5/09/93 457 467 1990 Brown 43

93-016 5/14/94 457 467 1990 Cinnamon Unknown

93-018 5/12/93 124 123 1988 Black Unknown

93-018 6/21/96 124 123 1988 Black Unknown

93-024 5/26/93 460 472 1989 Black 57

93-026 5/20/93 492 491 1988 Brown 54

93-026 5/22/95 492 491 Unknown Brown 52

94-037 5/23/94 447 448 Unknown Cinnamon 36

94-038 5/26/94 437 436 1991 Black 39

94-04 1 5/28/94 503 504 1986 Black 52

94-045 6/11/94 512 511 1992 Brown 41

94-049 6/08/94 519 520 1991 Cinnamon 47

94-050 6/15/94 522 521 Unknown Black 48

94-05 1 6/12/94 524 523 1985 Black 54

95-063 5/30/95 555 556 1992 Black 42
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Appendix B. Sample sizes of known bear locations and random points used for logistic regression
models.



Appendix B 1. Known and random sample sizes per female black bear for the variable "habitat" in the central Cascades of Oregon, 1993 - 1995.

Habitats

Grass-forb Shrub Open canopy Closed canopy Closed canopy Open canopy

sapling/pole sapling/pole mature timber mature timber

Bear ID Known Random Known Random Known Random Known Random Known Random Known Random

n12
93-011 11 102 2 46 17 68 26 74 45 60 28 65

93-016 4 52 6 37 5 21 13 14 25 73 23 32

93-018 3 30 4 17 21 22 4 10 9 36 8 32

93-024 1 11 1 9 6 15 0 9 8 23 10 14

93-026 14 41 13 31 11 12 15 99 48 117 21 55

94-037 5 71 3 36 33 51 18 45 22 69 17 29

Co



Appendix B 1. continued.

Habitats

Grass-forb Shrub Open canopy Closed canopy Closed canopy Open canopy
sapling/pole sapling/pole mature timber mature timber

Bear ID Known Random Known Random Known Random Known Random Known Random Known Random
n=12

94-038 5 43 11 44 22 58 7 18 23 82 20 37

94-04 1 5 9 2 7 3 8 17 60 49 154 3 3

94-045 18 11 5 9 10 32 9 38 18 37 27 49

94-049 6 21 2 19 11 14 11 36 25 71 0 15

94-050 8 43 7 16 3 12 1 13 31 108 24 56

95-063 9 34 0 19 6 5 7 29 15 56 27 53

00



Appendix B2. Known and random sample sizes per female black bear for the variable "aspect" in the central Cascades of Oregon, 1993 - 1995.

Aspect (degrees)

0 -44.9 45 - 89.9 90 - 134.9 135 - 179.9 180 - 224.9 225 - 269.9

Bear ID Known Random Known Random Known Random Known Random Known Random Known Random
n=12

93-011 25 108 43 78 16 41 2 18 12 43 9 40

93-016 5 16 1 19 1 6 4 8 26 75 28 68

93-018 5 12 9 20 6 24 14 29 6 15 3 18

93-024 3 11 8 13 3 14 7 18 2 16 0 5

93-026 4 25 0 4 2 4 11 29 27 75 34 87

94-037 16 81 14 37 2 25 19 23 29 34 7 35

00



Appendix B2. continued.

Aspect (degrees)

0 - 44.9 45 - 89.9 90 - 134.9 135 - 179.9 180 - 224.9 225 - 269.9

Bear ID Known Random Known Random Known Random Known Random Known Random Known Random
n= 12

94-038 21 56 8 23 5 30 4 19 0 6 3 18

94-041 14 30 24 55 13 35 5 32 5 33 4 15

94-045 21 77 28 70 7 19 5 9 5 15 4 16

94-049 26 48 11 14 1 1 2 9 4 45 3 32

94-050 6 27 48 96 13 54 0 3 0 1 3 12

95-063 5 24 0 7 2 4 5 12 12 42 6 47
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Appendix B2. continued.

Aspect

270-314.9 degrees 315-359.9 degrees None

Bear ID Known Random Known Random Known Randomn12
93-011 8 24 13 52 2 10

93-016 5 29 3 26 1 1

93-018 3 12 3 13 0 4

93-024 0 0 3 4 0 0

93-026 24 77 20 49 0 3

94-037 7 29 4 32 0 5

94-03 8 22 66 23 60 2 1

94-041 6 13 8 38 0 0

94-045 4 24 13 44 0 2

94-049 1 8 7 12 0 5

94-050 5 43 1 10 0 0

94-063 17 32 17 28 0 0



Appendix B3. Known and random sample sizes per female black bear for the variable "slope gradient" in the central Cascades of Oregon, 1993 -
1995.

BeariD 93-011 93-016 93-018 93-024 93-026 94-037 94-038 94-041 94-045 94-49 94-050 95-063

Steep
Slope

Known 11 12 8 2 16 1 1 4 6 18 37 4

Random 15 32 25 12 33 21 9 27 21 50 68 33

Moderate
Slope

Known 118 64 41 24 106 97 87 79 81 38 40 60

Random 400 214 122 69 322 280 273 224 255 126 180 163

t.)



Appendix B4. Known and random sample sizes per female black bear for the continuous variables "patch size", "distance to stream", "distance to
edge", "distance to road", and "elevation", in the central Cascades of Oregon, 1993 - 1995.

Bears

93-011 93-016 93-018 93-024 93-026 94-037 94-38 94-041 94-045 94-049 94-050 95-063

Known 129 77 49 26 122 98 88 83 87 55 76 64

Random 415 245 147 81 355 301 282 251 276 176 248 196



Appendix C. Actual1' and meana values for the variables measured in known and artificial female black bear homeranges in the central Oregon
Cascades, 1993-95.

Bear 11 Bear 16 Bear 18 Bear 24

Actual Mean Actual Mean Actual Mean Actual Mean

Proportion 0.292 0.056 0.194 0.060 0.180 0.082 0.108 0.093
grass-forb

Proportion 0.088 0.012 0.103 0.057 0.125 0.054 0,103 0.039
shrub

Proportion 0.146 0.122 0.088 0.153 0.168 0.116 0.211 0.092
open canopy
sapling/pole

Proportion 0.136 0.205 0.129 0.358 0.045 0.301 0.126 0.237
closed canopy
sapling/pole

Proportion 0.166 0.437 0.350 0.266 0.248 0.363 0.279 0.390
closed canopy
mature timber

Proportion 0.171 0.136 0.137 0.106 0.233 0.014 0.172 0.116
open canopy
mature timber

aMean values are from random home ranges (n = 3) paired to every known home range.
bActual values are from known 95% adaptive kernel home ranges.



Appendix C. continued.

Bear 11 Bear 16 Bear 18 Bear 24

Actual Mean Actual Mean Actual Mean Actual Mean

Simpson's 0.833 0.717 0.785 0.742 0.806 0.748 0.818 0.749
Diversity
Index

Polygons 5.234 4.807 5.786 5.425 4.602 3.979 6.399 6.260
per km2

Roadsper 19.006 19.255 18.14 13.405 9.023 7.133 24.723 23.711
km2

Streamsper 13.700 11.438 10.044 8.512 4.430 3.582 10.956 17147
km2

"I



Appendix C. continued.

Bear 26 Bear 37 Bear 38 Bear 41

Actual Mean Actual Mean Actual Mean Actual Mean

Proportion 0.09024 0.176 0.176 0.091 0.125 0.134 0.036 0.106
grass$orb

Proportion 0.087 0.135 0.096 0.094 0.141 0.144 0.018 0.071
shrub

Proportion 0.052 0.110 0.174 0.149 0.228 0.112 0.036 0.140
open canopy
sapling/pole

Proportion 0.213 0.139 0.199 0.236 0.098 0.144 0.204 0.242
closed canopy
sapling/pole

Proportion 0.349 0.302 0.267 0.319 0.267 0.317 0.644 0.315
closed canopy
mature timber

Proportion 0.210 0.136 0.088 0.111 0.140 0.149 0.062 0.127
open canopy
mature timber

C.'



Appendix C. continued.

Bear 26 Bear 37 Bear 38 Bear 41

Actual Mean Actual Mean Actual Mean

Simpsons 0.770 0.786 0.810 0.739 0.858 0.798
Diversity
Index

Polygons 5.195 4.714 6.049 6,539 7.580 5.902
per km2

Roads per 24.017 16.78 25.212 27.121 32.338 37.276
kin2

Streamsper 17.5371 16.104 19.364 22.366 nodata nodata
km2

Actual Mean

0.536 0.777

3.145 6.489

26.968 22.195

12.283 l2.253



Appendix C. continued.

Bear 45 Bear 49 Bear 50 Bear 63

Actual Mean Actual Mean Actual Mean Actual Mean

Proportion 0.307 0.133 0.128 0.080 0.168 0.141 0.226 0.052
grass-forb

Proportion 0.077 0.110 0.072 0.059 0.073 0.096 0.084 0.061
shrub

Proportion 0.110 0.080 0.107 0.143 0.075 0.086 0.050 0.141
open canopy
sapling/pole

Proportion 0.126 0.112 0.168 0.288 0.057 0.113 0.136 0.249
closed canopy
sapling/pole

Proportion 0.164 0.422 0.420 0.355 0.408 0.321 0.258 0.411
closed canopy
mature timber

Proportion 0.215 0.142 0.103 0.096 .218 .243 0.247 0.087
open canopy
mature timber

00



Appendix C. continued.

Bear 45 Bear 49 Bear 50 Bear 63

Actual Mean Actual Mean Actual Mean Actual Mean

Simpsons 0.798 0.741 0.753 0.760 0.744
Diversity
Index

Polygons 5.059 5.124 4.36 5.457 5.567
per km2

Roadsper 12.309 13.701 11.104 10.670 26.960
km2

Streams per 9.857 9.157 6.253 5,960 14.333
km2

0.771 0193 0.702

5.852 5.830 5.713

27.407 29.204 21.690

16.546 21.104 12.923
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Appendix D. Compositea home range sizes (hectares) for female black bears, 95% adaptive kernel
method, in the central Oregon Cascades, 1993-95.

Bear Size (ha) n

93-011 3363.00 156

93-016 4165.00 98

93-018 9149.00 64

93-024 2391.00 32

93-026 2925.00 147

94-037 1835.00 120

94-038 1728.00 104

94-041 2671.00 89

94-045 5238.00 105

94-049 5528.00 72

94-050 2461.00 92

95-063 2231.00 74

Mean 3640.00 96

SE 2135.00 35

aCalculatod using the total number of locations obtained per female black bear.
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Appendix E. Chi-square, p-values, and sample sizes (n) associated with each variable in the
logistic regression models. Values are from drop-in-deviance test.
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Appendix El. Chi - squarea, p-values, and sample sizes (n) associated with the variable "distance
to stream" in each fma1e black bear's final logistic regression model in the central Oregon
Cascades, 1993-1995.

Distance to Stream
degrees of freedom = 1

Bear p-value n

93-011 4.53 0.03 544

93-016 0.24 0.62 322

93-018 1.95 0.16 196

93-024 0.001 0.98 107

93-026 25.17 <0.0001 477

94-037 0.34 0.56 399

94-038 0.37 0.54 370

94-041 6.23 0.013 334

94-045 2.0 0.16 363

94-049 1.20 0.27 231

94-050 9.61 0.002 322

95-063 1.98 0.16 260

3Based on the drop-in-deviance test.
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Appendix E2. Chisquarea, p - values, and sample sizes (n) associated with the variable "slope
gradient" in each female black bear's final logistic regression model in the central Oregon
Cascades, 1993-1995.

Slope Gradient
degrees of freedom = 1

Bear x2 p-value n

93-011 4.55 0.03 544

93-016 0.43 0.51 322

93-018 0.0001 0.99 196

93-024 0.03 0.86 107

93-026 3.20 0.07 477

94-037 1.25 0.26 398

94-038 0.17 0.68 370

94-041 2.38 0.12 334

94-045 0.58 0.45 363

94-049 0.24 0.62 231

94-050 1.92 0.17 322

95-063 2.53 0.12 260

aBased on the drop-in-deviance test.
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Appendix E3. Chi - squarea, p-values, and sample sizes (n) associated with the variable "distance
to road" in each female black bear's final logistic regression model in the central Oregon Cascades,
1993-1995.

Distance to Road
degrees of freedom = 1

Bear x2 p-value iii

I

93-011 20.40 <0.0001 544

93-016 2.44 0.12 322

93-018 0.09 0.76 196

93-024 0.001 0.98 107

93-026 0.53 0.47 477

94-037 8.40 0.004 399

94-038 10.89 0.001 370

94-041 0.54 0.46 334

94-045 6.09 0.02 363

94-049 0.48 0.49 231

94-050 2.77 0.10 322

95-063 7.06 0.01 260

°Based on the drop-in-deviance test.
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Appendix E4. Chi - squarea, p-values, and sample sizes (n) associated with the variable "patch
size" in each female black bear's final logistic regression model in the central Oregon Cascades,
1993-1995.

Patch Size
degrees of freedom

Bear p-value n

93-011 0.19 0.66 544

93-016 0.25 0.62 322

93-018 0.96 0.38 196

93-024 3.49 0.06 107

93-026 0.03 0.86 477

94-037 0.12 0.73 399

94-038 0.36 0.55 370

94-041 4.40 0.04 334

94-045 0.23 0.63 363

94-049 0.02 0.89 231

94-050 3.74 0.05 322

95-063 1.41 0.24 260

aBased on the drop-in-deviance test.



106

Appendix E5. Chi - squarea, p-values, and sample sizes (n) associated with the variable "aspect"
in each female black bear's final logistic regression model in the central Oregon Cascades, 1993-
1995.

Aspect
degrees of freedom = 8

Bear x2 p-value n

93-011 5.22 0.74 544

93-016 21.08 0.007 322

93-018 4.51 0.81 196

93-024 4.82 0.78 107

93-026 5.01 0.76 477

94-037 24.18 0.002 399

94-038 9.28 0.32 370

94-041 0.45 0.89 334

94-045 3.21 0.92 363

94-049 15.13 0.06 231

94-050 6.25 0.62 322

95-063 7.46 0.49 260

aBased on the drop-in-deviance test.



107

Appendix E6. Chisquarea, p - values, and sample sizes (n) associated with the variable "distance
to edge" in each female black bear's final logistic regression model in the central Oregon Cascades,
1993-1995.

Distance to Edge
degrees of freedom = I

Bear 2

p-value n

93-011 3.12 0.08 544

93-016 2.63 0.11 322

93-018 0.01 0.90 196

93-024 0.38 0.54 107

93-026 0.01 0.92 477

94-037 0.45 0.50 399

94-038 0.001 0.98 370

94-041 0.11 0.74 334

94-045 1.02 0.31 363

94-049 0.59 0.44 231

94-050 0.50 0.48 322

95-063 1.38 0.24 260

aBased on the drop-in-deviance test.
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Appendix E7. Chisquarea, p values, and sample sizes (n) associated with the variable "habitat"
in each female black bear's final logistic regression model in the central Oregon Cascades, 1993-
1995.

Habitat
degrees of freedom =5

Bear x2 p-value n

93-011 14.39 0.01 544

93-016 19.20 0.002 322

93-018 12.01 0.04 196

93-024 5.34 0.38 107

93-026 7.53 0.18 477

94-037 13.70 0.02 399

94-038 8.15 0.15 370

94-041 4.41 0.49 330

94-045 6.37 0.27 363

94-049 7.62 0.18 231

94-050 4.72 0.45 322

95-063 11.57 0.04 260

aBased on the drop-in-deviance test.



Appendix E8. Chisquarea, p - values, and sample sizes (n) associated with the variable
"elevation" in each female black bear's final logistic regression model in the central Oregon
Cascades, 1993-1995.

Elevation
degrees of freedom

Bear p-value n

93-011

93-016

93-018

93-024

93-026

94-037

94-038

94-041

94-045

94-049

94-050

0.68 0.41 544

13.04 0.0003 322

0.04 0.84 196

2.57 0.11 107

0.03 0.86 477

2.11 0.15 399

0.54 0.46 370

0.00 1 0.98 330

10.25 0.01 363

5.50 0.02 231

0.54 0.46 322

0.02 0.89 260

deviance test.
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Appendix F. Logistic regression parameter estimates for each variable in the final models.



Appendix F 1. Logistic regression model parameter estimates for the variable "habitata" measured per female black bear in the central Cascades of
Oregon, 1993 - 1995. Bear ID numbers in bold indicate that "habitat" was significant for that bear in the final model.

Habitats

Shrub Open canopy Closed canopy Closed canopy Open canopy mature
sapling/pole sapling/pole mature timber timber

Bear ID Parameter SE Parameter SE Parameter SE Parameter SE Paramete SEn = 12 Estimate Estimate Estimate Estimate Estimate

93-011 -0.977 0.814 0.386 0.470 0.589 0.446 0.806 0.419 0.677 0.432

93-016 0.697 0.683 1.047 0.714 1.769 0.632 1.764 0.571 1.528 0.581

93-018 0.660 0.852 1.785 0.696 1.062 0.811 0,174 0.891 0.634 0.719

93-024 0.364 1.470 1.416 1.114 * * 1.212 1.097 1.125 1.087

93-026 0.107 0.405 0.605 0.430 -0.483 0.395 0.088 0.348 0.155 0.354

94-037 0.302 1.392 1.945 1.260 1.699 1.265 1.471 1.200 1.297 1.280

aGrass4orb was the reference habitat.
*insufficient sample of known observations to calculate parameter estimate and standard error.



1.

Habitats

Shrub Open canopy Closed canopy Closed canopy mature Open canopy mature
sapling/pole sapling/pole timber timber

Bear ID Parameter SE Parameter SE Parameter SE Parameter SE Parameter SE
n = 12 Estimate Estimate Estimate Estimate Estimate

94-038 0.495 0.547 1.051 0.508 0.509 0.635 0.708 0.505 1.066 0.511

94-041 -0.144 0.850 -0.0317 0.744 -0.224 0.527 1.242 0.738 -0.284 0.756

94-045 0.556 0.616 0.613 0.525 0.345 0.526 0.876 0.459 0.808 0.407

94-049 -0.733 0,857 0.667 0.593 -0.090 0.559 0.096 0.696 * *

93-050 0.343 0,559 0,257 0.600 -1.097 1.069 0.585 0.467 0.288 0.431

94-063 * * 1.661 0.813 0.749 0.747 0.623 0.640 0.689 0.555

*hsufficient sample of known observations to calculate parameter estimates and standard errors



Appendix F2. Logistic regression model parameter estimates for the continuous variables "patch size" (ha), "distance to stream" (m),
"distance to road" (m), "distance to edge" (m), and "elevation" (m), measured per female black bear in the central Cascades of Oregon,
11993 - 11995. Underlined numbers indicate that the variable was significant for that bear in the fmal model.

Patch Size

Bear Coeff. SE
n=12

93-011 -0.0002 0.0005

93-016 .0.0002 0.0004

93-018 -0.0009 0.0011

93-024 -0.0053 0.0030

93-026 -0.0001 0.0003

94-037 0.0002 0.0015

*No road data for bear no. 93.024.

Variables

Dist. to Stream Dist. to Road Dist. to Edge Elevation

Coeff. SE Coeff. SE Coeff. SE Coeff. SE

-0.0023 0.0011

0,0005 0.0011

-0.0023 0.0018

-0.0019 0.0017

-0.0035 0.0008

-0.0005 0.0008

0.0034 0.0007

0.0013 0.0008

<0.0001 0.0001

*

0.0003 0.0004

0.0041 0.0014

-0.0045 0.0027

0.004 1 0.0024

0.0003 0.0028

0.0032 0.0051

<-0.0001 0.0023

0.0015 0.0025

-0.0006 0.0007

.0.0029 0.0009

0.0002 0,0008

-0.0023 0.0015

0.000 1 0.0006

0.0019 0.0013



Appendix F2. continued.

Patch Size Dist. to Stream

Variables

Dist. to Road Dist. to Edge Elevation

Bear Coeff. SE Coeff. SE Coeff. SE Coeff. SE Coeff. SE
n 12

94-038 -0.0036 0.0058

94-041 -0.0003 0.0001

94-045 -0.0002 0.0005

94-049 <0.000 1 0.000 1

94-050 -0.0006 0.0003

95-063 0.0006 0.0006

-0.000 1 0.0002

-0.0040 0.0017

0.0011 0.0007

-0.0015 0.0014

-0.0035 0.0012

-0.0015 0,0011

0.0030 0.0028

-0.0003 0.0004

0.0024 0.0009

0.0007 0.00 10

-0.0011 0.0007

0.0023 0.0009

0.000 1 0.0029

0.0006 0.0017

-0.0017 0.0018

-0.0016 0.0024

0.0016 0.0022

0.0020 0.00 16

-0.0007 0.0009

-0.0001 0.0009

-0.0017 0.0005

0.0022 0.0009

0.0005 0.0006

0.0001 0.0009



ppendix F3. Logistic regression model parameter estimates for the variable "aspect"a measured per female black bear in the central Cascades of
)regon, 1993 - 1995. Bear ID numbers underlined indicate that "aspect"was significant for that bear in the final model.

Aspects

o - 44.9 degrees 45 - 89.9 degrees 90 - 134.9 degrees 180 - 224.9 degrees 225 - 269.9
degrees

Bear 1D Parameter SE Parameter SE Parameter SE Parameter SE Parameter SE
n = 12 Estimate Estimate Estimate Estimate Estimate

93-011 0.279 0.749 0.650 0.738 0.667 0.760 0.451 0,804 0.491 0.815

93-016 -1.336 0.780 -2.987 1.163 -2.089 1.170 -0.459 0.554 -0.542 0.557

93-018 -0.802 0.798 -0.114 0.517 -0.555 0.590 -0.068 0.570 -0.335 0.692

93-024 -0.848 0.736 0.386 0.576 -0.528 0.817 .0.369 0.937 * *

93-026 -0.981 0.614 -0.180 1.057 -0.394 0.809 -0.154 0.374 -0.160 0.367

94-037 -1.407 0.364 -0.845 0.368 -1.867 0.753 0.105 0.331 -0.825 0.459

aAspect 135 - 179.9 degrees was the reference level.
* Insufficient sample of known observations to calculate parameter estimate and standard error.



idix F3. continued.

0 - 44.9 degrees 45 - 89.9 degrees

Bear ID Parameter SE
n = 12 Estimate

Parameter SE
Estimate

Aspects

90 - 134.9 degrees

Parameter SE
Estimate

180 - 224.9 degrees 225 - 269.9
degrees

Parameter SE
Estimate

Parameter SE
Estimate

94-038 0.346 0.556 0.201 0.619 -0.303 0.677 * * -0.434 0.821

94-041 0.793 0.545 0.619 0.515 0.567 0.538 -0.022 0.637 0.562 0.681

94-045 -0.371 0,527 -0.191 0.510 -0.060 0.600 -0.195 0.654 -0.745 0.706

94-049 0.580 0.775 0.535 0.820 1.075 1.288 -0.697 0.913 -0.831 0.974

93-050 19.711 1,100 20.309 1.022 20.210 1.050 * * 20.724 1.200

94-063 -1.079 0.741 * * -0.356 0.980 -0.515 0.629 -1.356 0.732

sample of known observations to calculate parameter estimates and standard errors.

I-

a,'



117

Appendix F3. continued.

Aspects

270-314.9degrees 315-359.9degrees None

Bear ID Parameter Standard Parameter Standard Parameter Standard
n =12 Estimate Error Estimate Error Estimate Error

93-011 0.583 0.807 0.104 0.782 0.194 1.019

93-016 -1.314 0.700 -1.789 0.798 -0.962 1.175

93-018 -0.238 0.777 -1.236 1.069 * *

93-024 * * 0.680 0.859 * *

93-026 -0.363 0.391 -0.130 0.398 * *

94-037 -0.366 0.469 -1.632 0.577 * *

94-038 -0.139 0.572 0.169 0.566 0.885 0.930

94-04 1 0.798 0.635 0.359 0.591 * *

94-045 -0.570 0.694 -0.384 0.557 * *

94-049 -0.379 1.258 0.840 0.838 * *

94-050 19.744 1.128 19.132 0.000 * *

94-063 -0.732 0.673 -0.453 0.65 1 * *

*Insufflcit sample sizes to calculate parameter estimates and standard errors.



Appendix F4. Logistic regression model parameter estimates for the variable "moderate slope8 measured per female black bear in the central
Cascades of Oregon, 1993 - 1995. Bear ID numbers underlined indicate that "slope gradient" was significant for that bear in the fmal model (P
0.05).

Bear ID 93-011 93-016 93-018 93-024 93-026 94-037 94-038 94-041 94-045 94-49 94-050 95-063

Parameter -0.812 -0.222 -0,006 0.136 -0.633 0.821 0.397 0.869 0.3187 -0.142 -0.408 0.817

Estimate

Standard 0.353 0.361 0.647 0.819 0.290 0.804 1.036 0.627 0.437 0.336 0.296 0.557

Error

aThe variable "steep slope" was the reference level.

00
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Appendix G. Parameter means and range of values for all variables in the final logistic regression
models for female black bears in the central Oregon Cascades, 1993-1995.

Variable

Grass-forb

Shrub

Open canopy sapling/pole

Closed canopy sapling/pole

Closed canopy mature timber

Open canopy mature timber

Aspect:0-44.9 degrees

Aspect: 45 - 89.9 degrees

Aspect: 90 - 134.9 degrees

Aspect: 135 - 179.9 degrees

Aspect: 180 - 224.9 degrees

Aspect: 225 - 269.9 degrees

Aspect: 270 - 314.9 degrees

Aspect: 315 - 359.9 degrees

No aspect

aReference level

Mean parameter estimate

o.0000a

0. 15 17

0.9262

0.43 89

0.8035

0.7256

1.2405

Range

0.0000

-0.977 to 0.070

-0.317 to 1.945

-1.097 to 1.769

.096 to 1.764

-0.284 to 1.528

-1.407 to 19.711

1.6713 -2.987 to 20.309

1.3638 -2.089 to 20.209

0.0000a 0.0000

-0.1922 -0.068 to 0.45 1

1.5048 -1.356 to 20.724

1.5730 -1.314to 19.744

1.3050 -1.789 to 19.132

0.0390 -0.962 to 0.885



Appendix 0. continued.

Variable

Moderate slope

Steep slope

Distance to Road

Distance to Stream

Distance to Edge

Elevation

Patch size

aReference level

Mean parameter estimate Range

0.0947 -0.006 to 0.869

0.0000a 0.0000

0.00 13 -0.0003 to 0.004

-0.00 16 -0.0001 to 0.004

0.0005 <-0.0001 to 0.004

-0.0003 -0.0001 to 0.002

-0.0009 -0.0001 to 0.0006
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Appendix H. Mean and standard error (SE) values for random and known continuous
variables per female black bear.
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Appendix Hi. Mean and standarderror (SE) values for random and known continuous
variables for female black bear no. 93-011, in the central Cascades of Oregon, 1993 - 1995.

Known Random

Variables mean SE mean SE

Patch Size 105.40 17.46 204.18 26.10
(ha)

Distance to 117.72 7.81 158.35 5.95
stream (m)

Distance to 226.08 9.47 136.89 5.57
road (m)

Distance to 38.90 2.89 48.83 2.43
edge (m)

Elevation 832.62 13.83 849.32 8.07
(m)
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Appendix H2. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 93-0 16, in the central Cascades of Oregon, 1993 - 1994.

Variables

Known

mean SE mean

Random

SE

Patch Size 246.78 48.46 314.40 28.35
(ha)

Distance to 156.61 12.79 169.90 8.81
stream (m)

Distanceto 192.76 17.13 171.16 11.90
road (m)

Distanceto 61.50 6.25 55.18 3.33
edge (m)

Elevation 911.49 22.60 983.36 14.79
(m)
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Appendix H3. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 93-018, in the central Cascades of Oregon, 1993 - 1994.

Known Random

Variables mean SE mean SE

Patch Size 245.75 33.27 192.04 19.08
(ha)

Distanceto 100.66 12.16 164.77 11.55
stream (m)

Distance to 903.62 196.89 804.19 95.36
road (m)

Distanceto 63.52 10.04 63.11 5.16
edge (m)

Elevation 1230.37 32.85 1300.08 23.37
(m)
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Appendix H4. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 93-024, in the central Cascades of Oregon, 1993.

Variables

Known

mean SE mean

Random

SE

Patch Size 77.51 18.97 74.83 9.46
(ha)

Distance to 126.55 22.20 373.08 39.32
stream (m)

Distanceto 116.98 20.52 344.87 36.34
road (m)

Distance to 57.28 8.20 49.98 4.77
edge (m)

Elevation 944.81 37.03 1108.43 23.02
(m)
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Appendix H5. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 93-026, in the central Cascades of Oregon, 1993 - 1995.

Variables

Known

mean SE mean

Random

SE

Patch Size 265.24 40.72 267.74 24.06
(ha)

Distance to 120.65 10.33 225.67 10.50
stream (m)

Distanceto 328.91 17.08 282.40 11.91
road (m)

Distance to 46.49 3.54 93.36 5.82
edge (m)

Elevation 731.37 14.32 469.18 18.73
(m)
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Appendix H6. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 94-037, in the central Cascades of Oregon, 1994 - 1995.

Variables

Known

mean SE mean

Random

SE

Patch Size 102.65 20.46 230.92 18.94
(ha)

Distance to 170.39 13.66 193.71 9.79
stream (m)

Distanceto 136.36 7.11 110.40 4.98
road (m)

Distanceto 52.65 4.10 55.82 3.04
edge (m)

Elevation 931.14 8.05 939.30 7.64
(m)
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Appendix H7. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 94-03 8, in the central Cascades of Oregon, 1994 - 1995.

Known Random

Variables mean SE mean SE

Patch Size 33.92 2.21 36.07 1.39
a)

Distance to 454.47 48.07 565.83 32.56
stream (m)

Distanceto 214.19 13.25 152.53 7.40
road (m)

Distanceto 41.62 3.61 41.19 2.46
edge (m)

Elevation 1163.72 11.78 1143.39 7.40
(m)
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Appendix H8. Mean and standard eior (SE) values for random and known continuous
variables for female black bear no. 94-041, in the central Cascades of Oregon, 1994 - 1995.

Variables

Known

mean SE mean

Random

SE

Patch Size 3111.38 296.33 3326.54 164.61
(ha)

Distance to 86.61 7.58 128.49 5.79
stream (m)

Distance to 508.02 40.26 497.69 26.58
road (m)

Distance to 78.32 7.15 76.33 4.97
edge (m)

Elevation 751.42 13.98 760.78 8.97
(m)



130

Appendix H9. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 94-045, in the central Cascades of Oregon, 1994 - 1995.

Variables

Known

mean SE mean

Random

SE

Patch Size 249.58 41.91 388.06 29.55
(ha)

Distanceto 191.58 19.83 176.67 7.48
stream (m)

Distanceto 204.45 11.08 152.86 6.85
road (m)

Distance to 63.24 5.03 89.79 6.31
edge (m)

Elevation 942.60 24.29 1015.24 14.37
(m)
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Appendix H10. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 94-049, in the central Cascades of Oregon, 1994 - 1995.

Known Random

Variables mean SE mean SE

Patch Size 2945.22 433.87 2451.18 228.45
(ha)

Distanceto 186.46 19.41 153.08 11.38

stream (m)

Distanceto 224.30 21.39 209.82 13.97
road (m)

Distance to 66.36 6.87 65.45 5.46
edge (m)

Elevation 912.58 27.36 794.63 17.21

(m)
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Appendix Hi 1. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 94-050, in the central Cascades of Oregon, 1994 - 1995.

Variables

Known

mean SE mean

Random

SE

Patch Size 459.55 75.57 587.76 45.06
(ha)

Distance to 126.45 12.51 187.71 9.25
stream (m)

Distanceto 318.21 23.54 385.38 18.05
road (m)

Distanceto 60.12 7.56 60.87 4.43
edge (m)

Elevation 1352.29 24.25 1329.45 18.12
(m)
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Appendix H12. Mean and standard error (SE) values for random and known continuous
variables for female black bear no. 95-063, in the central Cascades of Oregon, 1995.

Variables

Known

mean SE mean

Random

SE

Patch Size 345.00 45.00 245.82 26.29
(ha)

Distance to 195.75 26.72 237.40 12.94
stream (m)

Distanceto 308.18 20.80 197.57 11.72
road (m)

Distanceto 113.46 12.20 62.80 5.20
edge (m)

Elevation 910.06 24.50 946.91 16.83
(m)
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Appendix I. Number of female black bear locations per habitat class in the central
Cascades of Oregon, 1993 - 1995.

Bear ID
Grass-

forb
Shrub

Habitat Classes

Open Closed Closed
canopy canopy canopy

sapling! sapling! mature
pole pole timber

Open
canopy
mature
timber

Total

93-009 2 3 2 1 4 6 18

93-011 13 3 18 29 47 31 141

93-016 4 6 6 13 31 24 84

93-018 4 4 21 4 15 9 57

93-024 1 1 6 0 8 11 27

93-026 14 15 11 16 55 23 134

94-037 6 3 34 20 27 18 108

94-038 6 11 24 7 27 20 95

94-041 5 2 3 18 53 3 84

94-045 19 5 11 10 17 31 93

94-049 6 3 11 11 28 0 59

94-050 10 7 5 3 33 25 83

94-051 2 0 3 4 6 6 21

95-063 10 0 6 7 17 28 68

Total 102 63 161 143 368 235 1072
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Appendix J. Nocturnal activity monitoring of female black bears in the central Cascades of
Oregon, 1994-1995. Activity level determined by motion sensitive radio collars that exhibit a
slower pulse during periods of inactivity.

Bear ID Date Time period Activity

Level

93-011 5/11/95 2309-2409 Inactive

93-011 5/18195 2255-2355 Inactive

93-011 5/25/95 2306-2406 Inactive

93-011 6/01/95 2130-2344 Active
2344-0108 Inactive

93-011 6/08/95 2406-0106 Inactive

93 -026 7/18/94 223 0-2330 Inactive

94-037 5/18/95 2 109-2209 Inactive

94-037 5/25/95 2126-2226 Inactive

94-03 7 6/08/95 2229-2329 Inactive

94-038 5/11/95 2 120-2220 Inactive

94-041 7/06/94 2437-0137 Inactive

94-04 1 7/11/94 2428-0 128 Inactive

94-045 5/11/95 2324-2424 Inactive

94-045 5/25/95 2414-0114 Inactive

94-045 6/01/95 2411-0111 Inactive

94-045 6/08/95 2229-2329 Inactive

94-049 5/18/95 2 109-2209 Inactive




