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Abstract
Public scrutinv ovcr mitn.rgement of black bears ( U,.rl1.r drk,r.i.drl.1) in Orcgon resulted in rhe passing of .r referendum ro ban lhe
use of dogs and bart to hunt beaA in I 99,1. Challcnse \ to bear managcm cnr neces siraie the applicarion ol fegionalt] deri led
biological infinnalioll tll betu management. Thc olcrali objectile ofthis rcscurch was to define habilat chmcrerisrics lhd iftlu-
ence the autecolog\ ol lcmale bhck bears in Orcgon. Because habitat seleclion processes operaling at liner resolurions (c.g.. the
home range) are lnelilably lhe product of hndscipc characterisrics. $,e chosc lo study selection al both rhe home ra.gc and
laDdsc:rpe scale. We radio lrackcd i.1 adull female black bcurs froln June 1993 t,r Decenber 1995 in thc centflrl Cascades ol'
Oregon to dete.mine homc rangc sire and analyze habitat sclection. Locations wcrc classilied io one ol six hubirat classes ba\cd
on strnd structure, and digil,tll) o!erl.rid onto a habiur map pfoduced from a LANDSAT Thematic Mapper scene of thc stud)
area. A geographic nrlormutiLm svstem \\'as uscd |o deterlnine habitat characleristics rt known and randolll Iocarionst chi souafe
and logistic regrc\sion lechniques were used ro .rnalrze habitat use. Fcmalc black berrs rl ere c..u(r,rrrLl r\ irh .feri crnup\ \rp-
ling/pole arrd opcn cuopy mature timber. appxrendy selectins for a combimtbn of foraging opporrunities and sccurirv coler.
Fufthermore. black be!r\ wefe negati\el! as\ociated lvith foads and posirivelv r\sociated $ith streams. Consequcntlv. roads
krcated along \racrcourses may inhibit lhc usc oi riparian areas by bcars. Urderstanding hos ibrest,lnanagemenr pr,lcrices
iDfluence rhe availabjlilv and use of habitats ior bhck bears. .rnd appl,ving lhis kno\ledge to bear managemenr srratcgic\. witl
ensure that managernenl plars are ba\ed on the besl a!.rilable science. and conitr grearef cfedibilitt 1() srate agencies iiom an
Lncre.rs i rp lv infomed and ln!o l \ed Dubl ic .

lntroduction

Managed as a ganre species under thc authority
of Lhe Orcgon DeparlmeDt of Fish and Wildlife
(ODFW). the black bear population in Oregon
was estimated at 25,000 animals statewide (ODFW
1992). In recent years. black bear mana-eement
has bccome increasingly controvcrsial, culninating
in a public referendum in 199.+ that banncd the
use ol dogs and bait to hunt black bears. Chal
lcngcs to bear- nanagertent underscore the ne-
ccssity of using the best available infbrmation to
tbrmulate black bear manrgement guidelincs. In
additiol to denrographic data, maintaining viable
b l rc l ,  her r  n , , lu la l ion :  r 'equ i res  in to rmr t ion  on
black bear ecology. Specitically. undcrstanding
how fcmale black bears interacr with their envi-
ronment is inpoftant because habitat quality and
quantity affect reproductive potential (Pelchar and
Ruf1 1986. Reynolds and Beecham l980).

Inli)rmrtion on habitat usc bv black bears in
Oregon is l inited (Barber 1983. McCollum 1973).

Although data on habitat usc obtained from stud-
ies in adjacent western states is sonewhat appli-
crble to Oregon (Beecham 1983. Lindzey and
Meslow 1977, Poelker and Harlwell 1973). thc
composition ofblack bear habitat may differ con-
. iderab l l  rmong s t  e \  $ i th  \ i r ry ing  \eg( . r r r iun
communlties. Wc studied home ranges and habi-
tat use of female black bears at two scales by use
of radio telemetry between June 1993 and De
cember 1995 on the Willamettc National Forcst
in the central Cascades of Oregon. The overall
objectivc ofthis studv was to examine habitat use
of black bears in a nanaged fbrest. Spccific ob
Jecl i\ e. \\ er( Io: | | ) Lleternr ine horne-range sizc:
of female blrck bears: (2) cornpare habitat char-
acte stics of known locations to random loca-
tions generated within hone ranges; (3) compare
habitat use and availability ofhabitats within home
ranges: and,+) conparc habitat use and avrilabil
ity within the range ofthe study-area population.

Study Area

This resealch was conducted near Oakridge. Or
egon on the Rigdon Ranger District of rhe
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Willamettc National Forest (Figure l). The study
area \\"as located on the $'estern slope of the Cas
cadc Mountain Range and encompassed approxi-
nately 13,1.500 ha. Most of the area, with the
exccption ofthe adjacent Djamond Peak Wildcr-

ncss, was extensively managed for t imber pro-
duction and suppofted an cxtensive road network.
Clearcutting, the predominant logging mcthod,
produced a matrix of regenenting timber stands
typ ica l l y  < .15  years  o ld  in te rspcrscd  w i th
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unmanaged forest > 80 years of age. In Scptem
ber 1988. an arson fire (thc Shady Beach Burn)
burned 3,708 ha of forestr much of the b[med
timber $'as subscqucntly clearcut resulting in
extcnsive areas of grass-tbrb habitat sulrounded
by lnaturc lore st ch aractcrized by Dumerous canopy
gaps and snags.

Study arca elevations ranged fronr ,160 m to
2..160 m at the summit of Diamond Peak. Most
ridgetops were approxinatel,v 1,300 m. The to-
pography was highly dissccted due to glaciation
and stream erosiol, and was extrcrnely rugged
(Hemstrqn ct al. 1987). Trvo maior rvatercourscs.
Hills Creek ard the Middlc Fork of the Willamette
River drtincd the area. Annuad precipitation ranged
from about 11:l cm to o\,er 178 cm on the higher
ridges. Snorv below 9(X) m was transient and
drought conditions in summcr were conlron.
Tempcratures ranged fiorn approximately l2 C
in rvinter to highs near 38 C in summer.

Densc stands of Douglas-fir (.Pseudotsttgu
rnenziesii) dominatcd dry. low elevation sites
(Franklin and Dyrness 1973) and quickly regen
erated in canopy gaps. Moist, low-elcvation lbr
ests (below 1,000 m) consisted primarily ol Lhe
western hemf ock (Tsugd h ete roph\' l la) scries.
Higher elevations (900 m to I .500 m) were domi-
natecl by the Pacific silver fi (Abies anabilis)
series including Douglas-lir. westem hemlock, and
mountain lremlock (Ts u ga nte rte ns itm u). Grassy
openings on south slopes contained manzanita
(A n' I ost.rp h,\ | os co luarbirurrr) and Pacilic rnadronc
\ . l th  t  ,  n t t  n : tc , i t ) .  C  mmon undc ts to r r  . le .  ie .
found throughout the area included Oregol grape
( Be rberis rte n-osti1. salal (Guult he ria shalktn),
rhododendr on (Rlrodo dentlrat ntucrophtllwn). ant)
scvcrirl species of hucklebenl (Udccitiunl spp.).

Methods

Bear Captures

We captured female black bears in Aldrich foot
snares (Flowers 1977) in spring 1993-1995, and
irnmobil ized them with ti letaminc hydrochloride
and zolazapan (Gibeau and P quet 1991) using
aiab stick or capturc ri l1e. Follorving induction.
rve ladiocollared thc bcars and extlacted a pre-
molartooth to estimate agc (Sloneberg and Jonkel
1966). Bears were monitorcd to ensurc their safe
recovery, and we did not track them untjl > 2,1
hours haclpassed to allou'fbr rcsumption ofnor
md activit ies.

Fadiote emetry

Bean were radio-trackcd lro|n the ltround dur--
ing June 1993 December 1995, and wc altenpted
to evenly distribute the locations into three time
pcriods: dawn l000. 1000-1500, and 1500-dusk.
Each bear was located approxinlately every other
day, fbr an avcrage of three locations per week.
Locations were deternined using a combination
of triangulation (Nams and Boutin l99l), hom-
ing (White and Garott 1990). and dircct obser
vation. T() trirngula|e. azimuths were taken fionl
known locations ard immedirtely plotted onto
7.5 minute United Statcs Geological Survey
(USGS) ofihophoto quadrangle naps. The bear's
location was estimated as the center of thc error
triangle created fiom thc ilte$ection of 3 bear-
ings (Nams and Boutin l99l ). The minimum timc
allowed to get three intersecting beafings u'as rp-
proximately 30 minutes, alter which the previ
ous bearings were discardcd and the process re-
peated. Errortriangles that encompassed more than
one habitat necessitated using the homing mcthod
in which the observer walkcd along the habitat
edges contained * idrin the triangle until onc habitat
was deter-mined to contain the animal. Disturbance
was minimized by not directly walking towards
the bear and by not approaching bears any closer
than necessary to classify the occupied habitat.
If, based on bear activity. we believed wc may
have caused thg bear to move, the subsequent
location was not used for habitat analyses- Wcak
or reflected signals cluc to dense vegetation and
rugged topography also at t imes prohibitcd clas
sifying a location to habitat.In suchcases the tl i-
angulation was used only ibr home range calcu-
lation pulposes.

E[or trials \\,ere conducted using 61 loclLions
of test tr-ansmitters. Translllitter placement was
as unbiased as possible to rpproximate aclual bear
tracking. and locations were chosen by a third
parly to reflect a variety ofhrbitats ancl topogra
phy (Vander Heyden 1997). The trials resulted in
a mean linear crror of 89 m and a nean areal er-
ror triangle of 4 ha. Three of 6l (57.) hansmit-
ters were assigned to the wroDg stand.

Def  n ing  Ava i lab  ty

We determined habitat arailabil i t l  based or the
size of t'emalc bcar home ranges and the area
samplccl (snared) for bears. We placed a circlc
with a dianeter equal to trvicc the largest 95t
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Minimum Convex Polygon (MCP, Mohr 19,17)
hr rn re  r rn !e  . r l .  u l l r leJ  l i ' r  u  lenr i r le  ber r  t . r .595
ha) around every snare site available to capture
bcars. Thc arca cnclosed by the outer boundary
of the circles was delineated and used to define
the study area perimeter and to deternine habitat
availabil ity at the landscape scale. Because we
wanted to examine habitat usc by bcars rn a man-
aged fbrest, $e excluded areas talling within the
Diamond Peak Wildemess from calculations of
availabil ity. Use of the largest MCP horne range
belonging to a resident female bear was intended
to delineatg a study area large enough to encom-
pass the maximum distances a f 'emale bear rnay
have traveled to reach a snare.

Habitat Classif icat on

We created a habitat map t'rorn a 1992 LANDSAT
Thematic Mapper (TM) image of the study area
using Earth Resources Data Analysis System
(ERDAS. Atlanta, GA) softwarc tbr digital-im-
age analysis. The resolution ofthe TM image was
30 x 30 m (0.09 ha). Thifiy spectrally distioct
classes were identified. and we used an unsuper-
visccl classiflcation (Jenson 19136) b greup the
clrsses into six brord hrbitats * ith a minimum
mapping unit of ,1 ha. Field reconnaissance and
aerial photograph inter?retation were uscd to fur-
ther rcllne the classification. Habitat classes were
brsecl on stand structure and approximated a suc-

cessional hierarchy ranging from early succes-
sional grass forb to mature tirrest (Table l). Map
accuracy was computed with standard techniques
fbr land cover classification (Lillcsand and Kiefer
1979), and described in detail in Vander Heyden
(1997). Logging activity bct$,een 1992 and the
years of this study was minimal, thus we believe
that any potential implications of land cover change
oD map accumcy andhabitat analyses u'ere largely
inconsequential.

Thehabitat map was integrated into a GIS along
u'ith bear locations. stream, road, and digital el-
cvtrtion model (DEM) coverages. Variables ob-
tained lrom the DEM included elevation, slope,
and aspect. The stream coveragc depicted first-
through third-order streams. and the road covcr-
age. while itdid notdistinguish between road types
(c.g.. primary. secondary). included all roads rec-
ognized on USGS orthophotoquads created in
19116. Although an accuracy assessment was not
performcd on the road 1ayer. we tbund 1ew dis-
crepancies between it and thc actual read system.
Secondary. graveled logging roads composcd the
majority of the roads in the area.

To assess the significance ofhabitat edges to
bears. we constructed an edge bu1ler with a width
of 50 m on either side of every stand boundary.
Locations lnlling within this buffer also werc clas-
silled into a separate habitat category called"edge."
Edge locations were then divided into two

T A B L E I .  H a b i l a l c l . r l s c ! u \ c d b y l e m a l e b l a ! l b c J r \ i n r h e ( e n n l l  C l ' r l J e \ i ' f O r e e ^ n ,  1 9 9 3 9 5 .

Habitat Class Descdpt ion

Proportion
i n

Crr\s forb

Shrub

Open canop) , tapl ing /pole

Cl(xed-canop) srpling/pole

Closed-crnop), r rtufe timber

Open-c.rnop! mrtufe timbef

'fotal

Vcr! li(lc \c ical \t3nd slnrclurci seedlirg trees and shrubs afe not dominanl.

Shrub\ ddninant. Irees prolide less than J0./. cror!n cLo\urc.

Canop\' clos[rc <60t1: shrub undcrnor) colnmon.

C. |  ,  f \  .  l .  ure 60 Inn :  l r  l (  ! r .Jr  cr  \ ( !c t - t .un

CrLnopy closure >80.1 but uNalli <l00tl]; averagc trcc dbh. > 53 cln.
Solne grouDd \egeution present.

Canofy closure <80+. average rrec dbh. >53 crn. Undcrstory of slxubs.
snall trees. and other vegetrtion conlmon.

0 .17

0 . 1 0

0 .  t 0

0 . r 3

0.12

0 . l l J

1 .00

Bascd pr inar i l l  on Brosn (  1985).
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TABLE 2. Habitrr combinations ib lhc \ariablc cdgc lypc usedin rhe logistic regression rrodels for female blackberrs in rhe

ccntral Cascade! of Oregon. I 991-95.

High coDlran cdgc

G.as\-fbfbAhfrrb

Shrub/open'canop) sapling/pol.j

Opcn cenop) saphng polc/closed ca op! saphng/pole

Closed-canop)/srpLing pole/closcd crnop) ln!lurc dnbcr

Closcd canop) mature timber/open cxnop! mrture timber

Gras! forb/opcn caropv \apling/pole

Cras\ torb/closed canop,v sapling/pole

Grass-forb/clo\ed-canop) mrture rimbef

Crass lbrb/opcn canopy marure timber

Shrub/closed'canoplAapling/pole

Shrub/clo\ed canop) malurc timbcr

Shrub/opcn canopl ra(urc trmber

Open-crnop] srpling/pole/closed-crnop) mature tilnber

Open canop,v sapling/pole/open canopy mature timber

Closed-canof y satling/pole/open-crnopy marure timber

categories, "bigh contrast" and ' low contrast"
bascd on the sfuctulal contrast of dre habitatclasses
composing the bufler (Trble 2).

Home Fange Est mates and Analyses

We used t*,o methods to quantity annual home
range sizes: the 957. adaptive kernel (ADK)
method using the program CALHOME (Baldwin
and Kie 1992) $'ith the default parametels. and
the 95% minimunr convcx polygon (MCP) method
using the program HOMERANGE (Ackerman et
r l .  l ( )90) .  Wc u .ed  lhe  ( )5 ' ;  ADK h , 'me r r rn !e  in
all ualyses to facilitatc comparisons among bears
uiLh variable sample sizes.

Twenty-six annual MCP home ranges were
calcLrlated for 14 individuals: 2.1ADK home ranges
were calculated fbr l2 individuals. We excluded
trvo bears from the ADK calculations bccause of
small sample sizes (< 2.1). The number of loca
tions used per bear fbr the ADK estjmates ranged
tiom 2,1 to 1:l5 rvith a mcan o1.18 (SE = l8). tn
addition. we calculated 95% ADK 'composite"

(multi-!car) home ranges lbr each bear to deter
nine the or,erall area used by each bear in the
course of thc study.

We used analysis of covariancc to i lsscss thc
prcscncc of an association between the follorv

ing cxplanatory variablcs and 957r ADK homc
range size: individual bear variation defined by
thc variablc "bcar", reproductive status, ycar, and
number oflocations. We used stepwise backwards
r  l r i l b le  rc lec t ion  prc rcedure .  to  e l im inu te  in . ig -
nif icant variables (P ( 0.05) from the model.

Habitat Analyses

We investigated habitat selection at two scales.
the home fange and the landscape. using indi
viduals as the prinary sampling unjts (Thomas
andTaylor 1990). For our landscape-scale analysis.
we measured habitat use for each radio marked
animal and measured availability over the entire
study area; for our home-range-scale analysis. wc
measured both use and availabil ity at the indi-
vidual level. Both designs resulted in separate
resource selection "tunctions" tbr each animal,
thereby aJlowing individuals to vary in theirhabitat
' c lcc t r r  i t ) .  \ \e  u red  the .e  indr r  idua lc . t imr tc .  t , ,
make inlerences to thepopulation ofarimals (Cox
and Hinklcy 197.1).

Home Fange Sca le

Univariate Anall 'si.t. We used a Chi-square
goodness<rl '-f i t tesL (Neu el al. 1974, Bycrs ct al.
198.1) to compare habitat availability within the
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conrpositc 95% ADK home range for each bear
{rr = l2) to use. This tests the null hypothesis that
beals used habitats rvithin their home ranges ran-
domlv. r '\ 'e chosc P < 0.10 in recognition ofthe
limitcd porver implicit to our small sample size.
Whcn a Chi-square statistic was signillcant, we
conslrucl(]d Bonferroni 95%, confidence intelvals
(Ncu ct. al 197,1. Byers et. al 198.1) to determire
rvhichhabitat classes differed in use froltr erpected.

ktgistic Regression. We used logistic regres-
sion (Ramsey el al. 199,1) to ideDtify and rnodel
habitat variablcs that best distinguished known
bear locations (obtaineclfiom raclio tclcmetry) from
randon locations (points). This resulted in odds
ratios thal described the probability- that a par-
ticular obscrr ation *'as abearlocation. The nunber
of random locations generated within the 95%
ADK annull home range for each beal was ap-
proximatcly thrcc times the number of locations
obtained frorn rrdio telernctry. Thc ratio ofthree
random poirts per ever-"- known point is eptimal
in lerms of reducing the standard enors of the
estimrtcs (Ramscy. pcrs. comm.).

In addition to habitat class and cdgc type, we
tested the lbllo$ ing explanatory variables lbr sig
niflcance to bear habitat selection: patch (sland)
size. slope gradient. aspect, elevation, and dis-
tancc to the nearest road. stream, and edge. Slope,
irspect, and elevation variables were calculated
tiom a DEM at a scale of I :250.000 obtained fron
the  USC5.  E le \  r l i ,  ' n  \ r  i r '  | l ru rsu |cd  i I \  J  ( ]un l inu
ous variable; slope and aspcct wcrc categorical.
Slope u'as divided into two calc-sories based on
gradient. We colsidered locations tuJling on slopes
ranging from 2-5 ,18 degrees 'steep" rurd locations
talling on slopes < 25 dcgr(]es '\noderately steep."
Aspect, init ially expressed in dcgrccs from 0 to
360. rvas divided into eight crtegories. cach con-
taining l range of;15 degrees. as wcll as a ninth
category defined ls'no aspect. 'All variablcs were
obtained lion digital overlays created within a
GIS by use ofroad. stream, and DEM coverages.
These co\'eragcs wcrc juxlaposed with the cov
erage of bear locations, and thc GIS was queried
for association u'ith known-bear locations and
random po]nts.

lnit ially. *e fit a single nodel fbr each bear
u ith thc largcst multiple yeal sample sizes using
''bear" as both a main ef'fcct and an interaction
term, using a variable selection procedure based

2ElJ Vander Heyden and Meslow

on the drop iD deviance test (Ramsey et al. 199'1).
This test assesses the contribution ofthe proposed
vadables relative to the obsened data: variables
that led to a significant reduction in model devi-
lnce (P < 0.10) were retained in the model. lntcr-
actions were not detected, nor were any vadables
highly conelated (r < 0.4). No year effecl was
present. which allowed us to combine data fiom
multiple years into one model for each bear (l2).
using the nine variables desclibed above. These
l2 models were then examined, and any variablc
significantly associated with any bear's habitat
selection (P ( 0.l0) rvrs included in a "grand"

model. Data for each of the 12 bears were thcn
flt to the grand model, using Chi-square and P-
values from drop in deviance tests. which com
pared the final model with a series of reduccd
nrodels. This rcsulted in l2 nrodel sumnrarieseach
containing the srme variables along $'ith their
estimated coefticients ard standard erors. Lastl.v,
wc calculatcd odds ratios to quantify thc cft'ccts
of each variable, examined if the allects were
consistent among bears. and macle inferences 1o
the populrtion.

Hab i ta t  Ana lyses :  Landscape Sca le

Httbitat U.se By hrdiLirlral Bear.r. We exanined
habitat usc lbrcach bcar using a Chi-squarc good-
ness-of-fit test (P< 0.l0) to compare habitat avail-
ability within the entirc study area to use. When
thc Chi-squarc statisl ic was significant for any
bear, we constructed Bonlenoni 957c confiderce
intervals to delermine rvhich categories difttrcd
in use tiom expected.

Seusonal Hctbitctt Ure. We pooled all bear
locations and divided them intothree seasons based
on plant phenology: spdng (den emergence-l-5
June). summer ( l6 June- l5 September), and fall
(Scptcmbcr 16-den entry). For each scason. wc
used a Chi-square goodness-of-flt test (P < 0.l0)
to delermine if observed use of the six habitat
classes rvas dillerent liom expected, follo*ed by
95cl,: Bonferroni contidence intervals to determine
rvhich habitats wcrc uscd grcatcr than. equal to.
or less than their availability.

Results

Home Fange Size

Thc mcan 95% annual ADK honc rangc for 12
bears was 3,212 ha (range: I ,667-8.5 l9 ha. SE =



TABLE l. AnnLurl and conrposite (al1 fears) 95n trdapri!c kcrncl Iome range size\ (ADK. ha)r annuel 95tl mrnilnum con\'ex

pol,vgon home runges (VCP ha). ,1nd tlc number of location\ per 1eln,r]c blacl bear radiocollxfed in the centfrl

Cascades 0f Oreson. 199-l 95.

l 9g l
Srzg ll

,\DK N'ICP

199:l
Size L

AI)K I\{CP

la)s ( ",nr^.i e
Sizs ! Srzc t

ADK ]\JCP ADK

93-009r

91 0

9 t  0  r6 :

9 l  0 1 8 '

93-0:,1'

9-r 016

91-037'

9,103E'

9,1 0.11'

9.1-0,15'

9.1-019.

9.1 050'

9.1-051"

95 0631

20,12.00

2632.00 1017.00

3988 00 2159.00

8519.i)0 633.100

2-r91.00 8626.00

l l-15.00 13'1iJ.00

2951 .00  1351 .00

1103.00 1639.00

58.15.00 .1052.00

r828.00 l2l0 00

2168.00 121-r.00

r667.00 1085.00

2016.00 r031.00

5939.00 2.168.00

1001.00 901,1.01)

r9l l .00 7650.00
.189.t-Jt-)

l-107 00 t2i r.00 .lt 3363.00 156
-1165.00 98

91.19.00 61

1915.00 )11

11i-15.00 120

1728.00 101

267 r .00  89

5138.00 r05

552E.00 1)

2.161 00 92

60

30

l l

56

11
.11

12

35

3 l

29

25

l:l

21

2 l

5817 .00  21 .11 .00

195.1.00 131u.00

17,19.00 l l9.{.00

109.1.00 1.111.00

6115 .00  3578 .00

5ll t .00 206.100

t278.00 r290.00

.19

E5
'7)

68

t t l  l .uu  r5  r0  00  7 l

No,\drptile Kerrel Home R.rngc wa\ calculated due to sm.rl1 \rmple sizc: bcar {as killed aftef 1993.
'Nl(xtalit)-. no dala.rftcr 199.1.
'Droppcd collar. no data nfler 199,1.
rNiorraliit, no data afier l()q3.
'Bears nor c.rptufed until 199,1.
"Bear cafrufed in 199,1. no dala for 1995 becru\e of \ubsequenl lnorlllity.
'Berf  

c .Lptured in 1995.

1,716 ha;T.rble 3). The mcan 95% MCPwas 2,994
ha (rarge: 1,033-9,01.1ha. SE = 2.l89 ha) (Table
3). On average. MCP cstiDrates were 77. smaller
than ADK estinrates. Composite Grulti year) 95'l,r
ADK home ranges averaged 3,906 ha (Table 3).

Ad lp t i re  kerne l  h , ' rnc - r rnEc . i ze .  e . t imr te .
were not signiflcantly relatcd to number of loca-
tions (P = 0.26). presence of cubs (scvcn ltmales
had cubs ofthe year, P = 0.76), or ycar (P = 0.,15).
The only variabJe associated $'ithADKhome range
rvas "bear' '  (P = 0.03).

Hab i ta t  Use:  Home Range Sca e

Uni'ori.lte Aflul\si.\. Most bca$ ( l0 of l2)used
habitats disploportionately k) thcir availability
within their home ranges. Bccause lo\\" sample
sizes linlited the power ol tcsts to determine slg-
nificance. an exlrmination of trcnds (disregard
ing  s ign i i i c ln ic )  i s  he lp lu l  in  d i .cc r t t in !  u :e  f r l -
terns among inclividuals (Table.1). Fenale black
bears used grass-ti)rb less than expected and open-

canopy sapling/pole and nrrturc timber classes
more than cxpecled. The majority used grass-tirrb.
shrub. ald closed-canopy sapling/pole types less
than availabil ity. and open-canopy sapling/polc.
open canopy mature tjmber and closcd-canopv
n r a l u r e  t i m h e r  m , , r c  t h r n  r r r i l l b i l i t l .

Logistic Regre.\sion -Eight of the nrne varr
ables includccl in the full models fbr each of the
12 bears were significtnt tbr at least one bear:
the cxception was edge type. The number of sig-
nificant vuiables (P < 0.10) pcrbear ranged from
one to five, including stream distal]ce, aspect,
elevation. slope gradient. patch size. road distancc,
edge distance. and habitat class. Thcsc variables
expl ined habitat characteristics that dillered be-
twcen rundom and knou n berr locations, and wcrc
used to construct a general habitat-association
model (i.e.. the "grand'modcl). The parameter
estimates and standard enors are described in detail
in Vander Hcyden ( 1997). The results ofthe grand
model are explained below. beginnin-s wilh the
categorical variablcs.
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TABLE .1. Hrbit|t use versus r\aihbility $ithin c|)lnpositc
homc rarsc\  (n=10) o l  icnralc b lack bcars i r  rhc
ccntra l  Ca\cadc\  o l  Orcgon. l9c)3 95.  S al l
\amplc s izc!  prohib i ted the abi l i t t  to f ind s ig-
ni i icance at  / '< (1.10.  thefefore a compans()n i , t
mrde at  both l '< 0. l0. rnd P > 0.10.

str-eams than rundom points. The mean distance
to the nearest stream ol any ordcr tbr bcars in
this study was 167 m (Table 5). 'Patch size" was
significant for bear 9,1 041 (P = 0.0.1.1 and bear
9'+ - 050 (P = 0.05). For both of these bears. the
odds that a location was a knorvn-bear location
became less and less likely as the patch size in
creased. In other words, these beals were more
likel) ' to be found in small patchcs. "Road dis-
tance 'was signiflcant fbr t ive bears; the odds of
a location being known increased thc t'anhcr tiom
a road the location became. The mean distance
to thc ncarcst road in this study was 307 m (Table
5). "Elevation" was significant fol three bears;
lbr trvo ofthe three. a location was more likely to
be a randonr point (and not a bear location) the
higher the elevation became. "Edge distance" was
significant (P = 0.07) tbr onc bcar. 93 - 01 1. This
bear was likeJy to be tbund close to habitat edges.
Thc ovcrall mcan distancc fronr cdge ti)r all bear
locations was 62 n (Table 5).

IABLB 5.  Mean and standard error  (SE) values for  knorn
rnd random conrinuous v riables mea\ufed pef

lcmale blxck bcrr ln = 12) in the cenlraL Cas-
cades olOreson. 1993 1995.

I Seleclion $.r\ basecl on the Pe.rruon Chr'square goodness
of- f i t testrndBonfefroni  conf idencemter\a ls.  Expected\al
ues $ere crlculated using propofii(nl ofhabitat classes within
95? adaplive kemel conposilc hom. raigcs ibr cach bcar.

The variable "habitat" was significant tbr f ive
bears (P ( 0.007). It hacl six lcvcls (i.e. types of
habitat) wiLh grass-forb used as the rcference level
to $hich all other habitats were compared. With
only one exception (bcar 93 - 011). the odds ofa
location being a kno$,n bear location rather than
a random point increased tiom grass forb to all
ofher habitats. For three of the llve bears, open-
canopy sapling/pole had thc highcst odds of a
location bcing known rather than random when
compared to grass fbrb. The highest odds lbr the
othertwo bears were fi)r the habitat classcs closcd-
canopy nature timber (bear 93 0ll)andclosed-
canopy sapling/pole.

' 'Aspect" was significant lbr two of the bears
in the final models (P = 0.007 and P = 0.002).
These beals were more olten tbund on southeast
aspects than at rny ol the other lcvcls. "Slopc

gradient". defined by the indicator variable 'mod

erate slope", wns signil lcant fbr two bears at P =
0.03. and P = 0.07. In both of these nodels. the
odds were higher that a bear locilt ion was on a
stecp slopc.

"Strcam distancc" was significant for four
bears, rvith bear locations tending to be closer to
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tise compafed to e{pectedl

1 '  <  0 .10
Not diiierent

Lcss lhrn lllol c
I labira!  Clals than e, ipecled than

P  >  0 . 1 { )

1-c\ \  Morc

Gr.rss lbrb
Shrub

sapling/polc
Closed canop!
\apling/pole
Clo\cd cNDopy

Open-canot)

1 5 r 9 1
1 7 t 8 )

Knolr'n fiandom
x sE x sl-j

Disuncc lo s l rc i rn 167.00 97.0t)

Disunce to r0rd 307.00 215.00

Distance to edge 62.00 10.00

Patch \ ize (hectafes) 682.00 1103.00

Elerar ion 0netcr t  968.00 lEE.00

228.00 12.1.00

lil7.00 200.00

6,1.00 16.0t)

693.00 1052.00

910.00 2,10.00

H ) h i i a i  l l a 6  |  . n . l e . ) ^ 6  q . .  d

Hubit.tt Use by Individual Beurs Cotnparcd to
Avilabilin^ ir the Stuth Are.r-All but onc bcu
used irt least some habitats disproportioratel)' to
their availability across the study area landscape
(P < 0.10: Table 6). The habitats used rnore than
availabil ity by any ofthc bctrrs were open-canopy
sapling/pole, and both open-and closed-canopy
mature tinber. The most ftequently under used



TABLE 6.  Nunberol le a le b lack bear\  (n=11) using cach

habilat class less dran or morc lhan its avaihbil-

i t l ' '  (P < 0.10) in lhc ccnrral  Cascades oforelo i .

1993 95.

U se comprred $ ilh crpccted (/' < = 0. I 0)

Hrbilat Class

Use Dol  d i i lcrcnt
Less than rhrn cxpecred l\,lofe than

TABLE 7. Sce\onal habitrt use by a pooled s.rnplc of fe

'nale black bears ( n = l2) in lhe cenirrl Ofegon

Cascades.  1993 1995.

Habi tat  Class

Spring
n = 3 1 5

Fal l
n = 2l i6

Gmss-forb

Shrub
Open-canopy

Sapling/polc
Closed c.rnop,""
srpling/pole

Clo\ed-crnop)

Gra\s-tbrb
Sh|ub

\apling/pole

Closed canop,v
sapling/pole

Clloscd canop\

Open canopy

no difterence
no difference

n0 dillciincc +

no diilerencc

Do dilitrcncc +

no difiefence no diilcrcnce no dilTefence

Selection \ras based on thc Pearson Chi-square goodncss

of-fittest andBonlcrroni 95ii confidence iDlervals. Expected

values $crc calculated usrng the propoflion ofhabilat classes

$itlin the study rrea bL'undary.

habitats were grass-tbrb (8/11 bears) and shrub
(4/l I bears).

Seasonal Habitet Us".-Bonle[oni 957. con-
fidence intervals indicated that in the spring, bea$
used grass forb less than expected: 1n the sum-
mer, beirs used shrubs and closed-canopy ma
ture tinber less than expccted. and open-canopy
sapling/pole and open canopy mature timbermore
than cxpected (Table 7). In the fall, bears used
grass forb and shrubless than expected. ,nd closed-
canopy-mature timber nole than gxpectcd.

Discussion

Black berrs arehighly oppofiunistic and extrcmely
nobile; necessar1 traits in an environment in which
food resources vary both tcmporally and spatially.
The patchy and fluctuating nature of black bear
lbod re . r 'u rec :  le ld .  to  d iver .e  ' . l cc t ion  . t r l te -
gies based on the composition and availabil ity of
habitats withil each bear's honre range. None
theless, some consistent t lends were evidenl.

Home Range S ze

Homeranges in the Cascades ofOregon were much
Iarger than those repofied elsewhere in similar

r"  "  use less thrn cxpccted.  ( l '< = 0. I0)1"+" use grcalcr lhan

expected. (P < = 0.10). Selection vras based on fie Pcarson

chi-squue goodncss of t-it rest and Bonf-effoni conlidcnce rn

habitats. ln westemWashington, ti)r example. home
ranges of black bears were reported to average 4
kmr (Barber 1983), and 2 kmr (Lindzey and
Meslow 1977) on Long Island, and 5 km'] (Poelker
and Hartwell 1973) in western Washington (main-
land). The nuch larger home range size for fe
male bears in this study may bc attributed to lower
habitat productivity in the Cascades, or lower
r len . i t ie .  o l  bear .  re l r l  i !  c  lo  ( r r r )  in i  capac  i l ) .

Hab i ta t  Use a t  the  Landscape and Home
Range Sca e

At both the home range and landscrpe scalcs,
t'emalc black bears mostly selectcd a conbina
tion of open-canopy/sapling pole stands, and both
opcn-canopy and closed-canopy nature tlmber
These stands secmingly offered a combination of
l i !h r -L lepcndenr  lood p lan t .  rher r ie . .  rn  pcr t i cu
lar) with the security of trce cover. Benies (pri-
mNlly VacciniLm spp.) ripened starting in mid-
June. and bears used open-canopy sapling/pole
stands more than expcctcd throughout the sum-
mer. Both closed and open-canopy mature stands
were stmcturally diverse, had large amounts of
downcd woody debris, and had a variety ofplant
.pccrc :  in  rhc  unders l , ' r ) .  c \pec ia l l y  in  canop)
gaps. This may explain why closed-canopy ma-
ture timber was the most prevalent habilat in l0
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ofthe l2 homc ranges. and was used significanlly
more than erpected in the fall, along with open
crnopy mature tlmber. These stands presumably
ofttred altcmative bear fbods as summer foods be-
came scalce! and cscape cover when hunting sea-
sons increased vehicular and hunan disturbance.

ln contrast. bears rnade litt le usc of closed-
canopy sapling/pole stands at eithcr scale (Tables
'+ and 6). Dcspite their potential security value.
closed canopy saplin,s/pole stands may have lin-
itcd use 1or black bears in the Ccnhal Cascades.
Prior to stem exclusion these slands otten are
extremcly dense and litt le l ight penctratcs the
canopy ( Blown I 985 ): understory ve-qctation. and
presumablv bear tbod. is sparse. Grass-forb habi-
tats, although prevalent in many home ranges and
olten containing bcar tinds (grass, anthills. ber-
ries). $ erc also avoided, with bears rnore likelv
1rr occur in shrub or open canopy sapling/pole
stands. These two seral stages differed from grass-
forb primarilv in their lelative abundance ofcover
ln agrccment with this srudy, (Lindzev and Meslow
1977) rcpofted that older clearcut unlts in west-
ern Washington wcre more often selected than
recently cut units even when recent cuts appar
cntly had tbod available. They also ti)und that
br - r r r r  d iJ  n  t  heg in  to  usc  c ie r rcur  un i t :  g re i r te r
than availabil ity unti l the cuts werc 18-25 years
old. These units approximated our open-canopy
sapling/pole habitat. which occurs 10-20 yerrs
following clearcutting.

ln addition k) the potential influence of within-
!tand coyer. adjacency to milture lorest rnay also
allect habitat selection. Two ofthe bears that made
use ofyoung seral sttrgcs (shrub rnd open-canopy
sapling pole) selecLcd for smaller patches from
which lbrested areas wcrc casily accessible. The
honre ranges of these two bcars were somewhat
uniquc in that they contained large contiguous
blocks offorest. \\'ith logged stands ofearlv seral
condition nainly along the periphery. Activity was
concertlated in thc snraller ofthese logged stands:
larger stands may havc inhibited use because the
bears lr)ay l]ave bccn rcluctant to tbrage \:eN far
into ueas with limiled cover. The proxinity of
cover to tbeding areas has been postulrted as in-
l luencing habitat selection in several other stud-
ies (Novick and Stcwan 191i2, Crenlell and Brodl
r  986).

Thc variables related to edge werc nrinimrlly
signillcant although in both this studv and the stucly

292 Vander Heyden and Meslou

in westemWashington (Lindzey ard Meslow 1977)
over half of rll bear locations wcre in edge habi-
trt (< 50 m fron the boundarv oft\\,o habilats). It
could be that cdge truly did not play I role in
habitat selection but rathcr was an artifact of the
high degrce of ftagmentation in the area. Con
versely. perhaps the edge classification. based on
stftlctural contrast between habitat typcs. wlls
inapproprirte, er the edge buft'er specitied, (50
m on each side of a habitat boundary). was tocr
large.

Bears were more l ikely to occur al increasilg
distances tiom the nerrcst road. Most ofthe roads
in thc study area \\"ere open to the public, conse-
quently traffic could have caused considerable
disturbance to bears cspeciaJly dudng thc hunt-
ing season when tratl ic levels wcre high. Addi
tionally, Iogging acti! ity. although decreascd in
rcceDt yea$. may have also contributecl to black
bears avoidance oi roads. Measules of road clis-
tanccs to bear locations vary among studies, and
disparate road densities and road typcs conlbund
compansons.

In general. bers prefcrr.J l i ,$ ele\lt ion\.:tc.p
slopes. and southeasterly exposures. In conobo
ration u'ith this study. Novick and Stewaft ( 1982)
also found higher activity on drier southern slopes
in Southem California, and both Mollohan ( 19E9)
rnd Unsworth et al. (1989) firund selection firr
s lecp  r lopc .  t rpu .ur '<  in f luenec :  l l . , r i \ l i c  con l
position. r ' i th southern exposures in our study
area containing manzanita, nlountain ash. and
grass. and slope gradicnt ntry contel greater se-
curity valuc and tacilitate early detcction of threats.

Lastly. bears u,ere more likcly to occur close
to steans. Young and Beecham (1986) suggested
that water may offer important feeding opporlu-
nities by inf'luencing the a\ailabilit)' of riparian
vegetrtion and perhaps providing fish carcasses
and acluatic inveftebrates, and Kellyhouse ( 1980)
stated that streansidc butl'ers nay providc irn-
poltant cover and travel oppoftunittes ln areas
otherwis(] dcvoid of timber. Thcsc observations
apply to our study area as u'ell.

N/lanagement ni pl cations

Silvicultural techniques that pron'tole the devel
opnrcnt and mainteDance of open-canopy sapling/
pole stands and nature timber should benetit black
bears. Thereforc, decreasing dense canopy closures
by thinning. pruning. or creating canopy gaps



would promotc the grou'th of understory \'egeta-
tion important 1br both foraging and hiding cover.
Ma'iimizing food and cover cou Id like ly be achieved
b\ u.inp uner en-JSe nrrnilgcmenlprJ.l i(.\ rr r rre-
ate structufally diversc stands (Hunter 1990), and
maintaining patches containing high plant diversity
nay provide fbr a variety of beal foods.

We also suggest mininizing the use of
c le r lcu t t ing .  o r  l im i t ine  the  s ize  o l  har re . r  Un i r : .
Placing cuts adjacent to mature timber and open-
canopy sapling/pole slands woulcl maxinize the
combination of fbod and cover and creatc cdge
habitat. Lastly, the continued protection ofstream-
side butlers. implementing road closures. and
putting old roads "to bed" may encouragc use by
black bears.

In conclusion. we rccommend that black bear'
nanagement bc responsive to vegetation com-
position and structure. taking into account the
effccts of roads rnd sffeams on habitat sclection.
Ultimately. what is needed is an unde$tanding
ofhou'habitat change rffccts black bear popula
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