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Abstract
l \ tudiedhrbi i r luseofColumbianblack- l .L i leddcc|( , !oni let |shcl io1t | \ . ,1! ,1, ; f? l |J) in l | ! 'K1ic
'the 

habitat no\aic for Klickitrr dccr consi,ited of l.rrgc rricts m.Lnaged indcpcndentl! b) lhe Yrlta a Indi.rn Nrtion. thc State of

Washingron. and l$o coryoftrte 1brcsl o$ners. Selecdon of hrbitats at thc hndscxpe.rnd patch \cale $as in\eslig.rlcd uslng

rarliocoitarert rtecr. During \linter- dccr prefered habild\ sirh an olerstor) donrinated or codoninated bl Oregon $hilc (rak

le|  1u\  gt1t ' ! t l  t 'd)  t rhoth scr les ofsclcct ion.  Also dur ing $inrer .  deerselecl .d home r . rnges $i th lcs\  mi \ed coni fer  co!cr t lpe

llran a\.ril ble in lhc background mosaic. but sho\\ed \onrc prefefence 1br nrixcd conifef putchc! ivithin home rangcs l)eer

occup! ' lngnidclc!at ionhomer.rngcsontheYakmaRc!crvat ionp|e1e|rednraturehl&g|0i lh lnd! ' ( l r lnge| 'c1osedcanopr.c( ]n
fer s;nds d borh selection scalc\ dunng summer. Mid elevation decr on c(reofrte fi)reslland surrmer frnge prelcrrcd matufe/

old-gfo\\th \rands and open canop! conifer st.rnds al the landscrpe scalc and ihe \ane two habitai ch\se\ in rc!.rs!'o.der at the

patch scate. During summer. decr wirh hieh ele\ tion honre ranges Lrsed h.rbitats in felati!e prcporljon Io theif a!ail.bilily at both

se1ecl ionscleS'1jabiFlco|ser\ l t idr forK| ick i tatdecI iScompl ic l tedb}.rnr jxed-o!vne|shi l ) I )saicanddie|senl iaggf ]ent
rpproaches. Pfi\ arc lan d h abitat lalues rrc imporranr d uring s urr nref .rnd \\ irrcr. and co nsen at ior lnr) requ i re extensi\ c coordl

nrdon betr\,een public and frilare resourcc nranagef\ and iccnrives for privtrlc lando$'ners Crnrscr\alion of ork_dLnniirlcd

htrbirat on !1'intef rungc rnd rtLrre .rnd old gro$'th h.rbitrr on \ummer fange \houkl bc a triorilr- tor Klickilat deer nrrnrger\.

lntroduction

Knowledge of a spccies'habitat atl lnit ies is es-
sential 1(] iufbrmed management. For example.
without basic knowledge of habitat relationships,
thc consequences of habitat alteration resulting
liom human land uses cannot be predicted nor
can cover tlpes be ranked according to their lalue.
Previous studies havc documented some aspects
of habitat use fbr Columbian black-tailed deer
(Otlocoileus lrcn onus tttluttfuianus) tn mesrc
habitats of their ran-se (Brown I 961 . Mil ler 1970.
Loft et al. 198.1, McNay et al. 199,1). However.
l itt le is knov n about black-tailcd deer habitat usc
along tlrc castem edge of their distr-ibution where
the nlore xeric environntent supports different
vcgetation than in coastal and westslope habitats.

During l9E8-9.1, I sLudied the ecology of mi-
grator) black-tailed dcel ir the Klickilat River
Basin (KRB) along the eastslope of the Wash-
ington Cascadcs. ln this paper. I repofi on hrbi-
tat use pattems ofKRB dcer, which were sludied
in a mixed ownership landscape nrtnaged by the
Yakama Indian Nation. the state of Washington.
rnJ  t *o  la rge  l r r r . . l  p roJ t lc t r  \ , J l r lPJn ies .

Conccptually, I addrcssed habitat relrtionships
at t\\,o levels of selection: (l) selection oi hone

ranges tiom a background habitat nrosaic (land
scupc-scale selection), and (2) selection of habi
tlt palches within thc seasonal homc ranges of
individual deer (patch-scale selection). Specil i
cally. Lhe follouing nul1 hypothesis rvas tested for
both wintering and summering KRB deer rela-
tive to landscrpc selection: covcl types within deer
home ranges were proportional to their availabil
it)' in a broader habitat mosaic. The null h)'poth
esis tested lbr wintering and summering KRB deer
relative to patch sclcction was: deer used cover
typcs proportionrll) to their availabil ity withitt
home ranges.

Study Area

Phys og raphy and Clirnate

The KRB consists of approximately 350,000 ha
of tbrest and rangeland alon-{ lhe eastem slopc
of thc Washington Cascades (Figure 1). Eleva
tions range from 3.742 m at the crcstof Mt. Adams
to lcss than 600 m. The upper basin lays mostly
within thc 650,000 ha Yakana Indian Rescrva-
tion. Topographically, the upper basin is char-
acterized by rugged, mounlainous country along
the Cascade crest that quickly gradcs into a large,
lbrested plateau. Except for the highly dissccled
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Klickitat River Canlon. most ofthis plalcau con-
sists of a gently roll ing basil] that evcntually rises
to fonn thc Simcoe Mountains along the south-
ern boundarv of theYakarna Reservation. Favor-
able physiographic conditions for wintering deer
existalong the lower slopes olthe Simcoe Moun-
tains. The lowcr. southern most ponions of the
KRB historically consisted of discontrnuous co
nifcrous forest, Oregon white oak (Quercus
g a ft ) untrct) woocllancls. and langeland. Consid-

erable agricultural and rulal dcvelopment has
ocettrrc,-l in the louerrclehe., ' l  lhe drainag.' nerrl
the towDS of Goldcndaie and Glenwood.

Annual precipitation ranges tiom neariy 180
cn to approximately 20 cm. depending on eleva-
tion and distance from the Cascadc Mountains.
Precipitation is strongly seasonal with ntost tull-
ing during winter and spring. Mean annual snorv-
lall measured in neubvYakirna. Washingk)n. 1964
94. was61.2 cm (National Oceanic andAtmospheric
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Figufe 1. Locatio. ol the Klickitat Balin and Yakana Indi.rn Reservaljon. W.rshinston.
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AdninistratioD [NOAA] 199'+). During tlis study
( l9ti8-94), annual snowlall was belo$' this long
telm mean durirg the winfels of 1988 89, 1989-
90. 1990-91,1991 92, and 1993 94 (NOAA 199'+).
Annual snowfall exceeded the 1964 9'1 mean
during winter 1992 93 and was the second high-
csL snowfii l l  rccorded sincc 1910.

Vegetat on

Habitats of the upper Klickitat are pima ly rl-
pinc and subalpine communities dominated b!
nrountain henrlock (.T sttgu n a rt e ns ianu). Pa'cilic
silver fir (ADies amtLhilis), and subalpine 1ir (A.
/asiocarpc) associations (John et al. 1988). Mid-
eleYation mixed conifer stands are dominated by
$estcrn hemlock (I heterctphtl la). grand fir (A.
grarirlis), and Douglas-fr (.P seLtdol.\ ugd nenzie \ i i).
Lower elevation forests are typically dominated
by ponderosa pine (Plrrrlorden s(]) assocjations.
The forest/rungeland ecotone is characterizcd by
mixed ponderosa pine/Oregon oak stands or pure
Oregon oak rvoodlands.

Nonforested habitats include abundant wct
meadow and subalpine park areas in the upper
KRB and u'iclespread xeric meadows and
shrubfields at lower elevalions. Rangcland habi-
tats are dominated by pelennial -grasses such as
blucglasses (Pod spp.) and fescues (,&sltrca spp.)
and discentinuous shrub overstories doninated
locally bl sagebrush lArtentisiLt tridentalq)- btL-
tcrbrush (Pirrsfi lo tridentatd). and shiny leaf
ceonothus (.C e enot hL! s r e I ut i11us).

Hab tat l\,4anagement

About 200.000 ha ofthe KRB is within the Yakama
Reservation. Boise Cascade Cotporation owns
approximately 30,000 ha of mid-elevation tbresL
in the KRB, and Champion Intemational Coryo-
ration owns an additional 38.000 ha of KRB firr-
est land, nost in the western pa of the drainage.
Additionally. the Washington Depafimentof Natu
ral Resources manages approximately 19.000 ha
of state lbrest land south of theYakama Resena-
tion. Reservrtion lands in the KRB provide sum-
mer range. whereas state and private lands south
of the rcservation provide a mix of sLlmner and
$inter lange.

Conmercial tirrest management is the domi
nant land use in tht: KRB. Yakama Reservation
lbrests have been t'nanaged using uneven-aged
management ti)r several decades: clearcuttlng on

the reservation has historicall l  been rtre
(McCorquodale et al. 1997). Clearcutting and
intcnsive selective harvestin-Q llas been morc e!
tensive on coryomte and slate owned timberlands
in the KRB. Other land uses i nclude cattle graz-
ing. commol on both reservation and coryoratc
timberlands. and agricultural devclopment in thc
Iorver Klickitat.

Deer winter range in the lower Klickitat con-
sists of a series of south-facing breaks rlong the
Klickitat River canyon. These opcn slopes rise
stceply from extcnsive lbrest stands along thc river
As the brcaks grade into the lower Simcoe pla-
teau, thcse openings give way to oak woodlands,
and eventually to extensive pinc iorcst as distances
lrom the river and elevations increase. Forest covet
h i r lh  con i t ( r , 'u \  rnd  dec iL lu , 'u . ,  i s  e t len . i rc  on
some porlions of the Klickitat winter range.

Methods

l\,4arklng and Telemetry

Deel were captured using collapsible Clovel deer
traps (McCullough 1975) and a hand triggercd.
21 n x 2l m drop net (Ramscy 1968, Conncr et
al. 1987). Trapping rvas conducted after the close
of recreational hunting seasons. and typically
occurred between nid-Dccember rnd late Feb-
ruary. Traps were disperscd throughorrl the win-
ter study area il all major corer typcs to avoicl
biasing the collection ofhabitat use data. A samplc
of adult deer captured each .vear reccived
radiocollars (MOD-500, Telonics, Inc., Mesa,
Arizona). Although I did not use a lbrnal ran-
domization protocol, I attempted to spread
radiocollars tluoughout the winter study area. thus
avoiding the oversarnpling of specifi c natrilines.
Most radios were placed on adult female deer,
but some werc placed on adult males. Radios
transmitted at 148- I 50 Mhz aDd hrd an cstimated
two t0 three yeal battcr) life.

Radiocollared deer wcre relocatecl weekly
during spring, summel and 1a11. and approximately
tu  i ce  m, . rn th l r  du t i t tp  u  in te r .  Re l i ' . i r l i ons  uere
obtained from a Cessna 182 or Citabria aircrafi
fltted with two strut mounted directiollal antcn
nas. Aerial tracking protocol generrlly tbllo*ed
that ol Gilmer et al. ( 1981). Coordinates for ae-
rially-relocated deer wcre determincd using a
Geographic Positioning System (GPS) unit
mounted on the aircraft 's instrunlcnt panel.

Klickirrt Deer HrbitJt Use



Coordinates obtained tnrm the GPS unit were con-
verted from latitude and longitude to Unive$al
Trlnrr cr.e \4ercalor r UT\4 r (oor.l inute. rrsin!: .r
computer algorithm (Dodge et al. l986). Peri-
odically, GPS accuracy \r'as tested by collecting
coordinates lbr known locations.

Ivovements and Home Range Est mat on
Seasonal home ranges ( 1007c mininrum convex
polygon [MCP]) for mdiocollared deer wcre es-
timated with PROGRAM HOME RANGE
(Ackcrman et al. 191i9). Minimum Convex Poly-
gon estimates were used to lacilitate habitat analy-
scs because drey were nonparlmetric, required
[e$  i ] . \ | | rnp t ion : .  rnL l  $  e rc  s iml le  lo  lnJp  u \ in !
a Geographic Inlbrmation Sysrem (GIS). My
inlercst in home ranges was primarily to define
samplilg units fbr habitat questions. lnter-veal
seasonal home range overlap lbr deer that tvere
tracked for more than one year was considered
cvidence of home range lidelity. Inter-year relo
cation data were pooled for scasonal homc range
estlmalion in cases where home range tidelity was
J , rcur r rcn ted .  Ser .onr l  horne  r l lnFe.  \  c re  t . l i
mated oniy tbr deer with at leasl 10 seasonal rc-
locations.

Hab l ta t  Use Fe a t ionsh ips

Prelinilary obser-rations suggestedthat KRB deer
\u rnrnr reJ  in  r , - l i re rse  r f la )  . ' l  (u \e r  l ypc \  in
environnrents rangiDg fiom subalpine to oak/shr.ub-
steppc ecotone. During winter however, decr in
the KRB regularly concentrated ie a narTow range
of habitats. Becausc of this, the analvtical strat-
egy differcd fbr summcr and winter deer habitat
use data.

During winter, the proportional composition
ofhome ranges and the proportional use ofcover
Lypes by radiocollared deer were exanined in a
GIS environment (Arclntb@). Statisrical tesring
ofhabitat use hypotheses wirs based on rank test
ing using the methods ofJohnson (1980) and Fried-
mar (1937). The 2 methods diflcr subtly. The
Johnson method is based on the differcnce in the
Ianks of used and available habitats accross all
individuals. In contrast. in the Friedman approach.
thc clifference in the propo ions of available and
used habitats is calculated for each individual and
these cornputed dilfcrences arc then ranked within
individuals. Rank-testi lg approaches had twcr
distinct advantagcs over other methods: (l) snall

errors in estimating habitat availabil it ies were
inconsequential. and (2) by nainraining individual-
levcl telemetry data the problems associated with
pooling data fiom differcnt individuals was avoided
(Alldredge and Ratti 1986). However, these meth
ods still facilitate inlerence about population-wide
patterns ofrcsource selectioD (Alldrcdge and Ratti
1986) .

I assumed that all radiocollffed dcer on thc
j  re  u  in r . r . rud)  a rca  hrd  the  opp, ,nun i r l  r , ' .e -
lect (landscape scaie) tiom thc sarne aray ofavail
able habitat components. Therefore. landscape-
scale winter habitat ayailabilities were dcternined
within a digitized Arclnfb@ polygon thar roughly
coresponded to a conlposite wintcr home range
ofradiocollared deeq and thc area ofvalous cover
types within the composite wintcr home range
was determined using GIS.

For wintgr landscape-scale analyses. each deer's
home rangc polygon was digirized using GIS. but
each was enlarged by a 100 m buffer because of
the way individual relocations u'ere treated (de
scribed in next paragraph). The relative arca of
dil'fcrent co\er lypes within individual home range
polygons and within the previously-described
composite wlnter home range polygon were then
compared.

Winter deeruse (patch-scale) was sanpled using
an Arclnfo@ covemge created from winter dcer
telemetry locations. A relocttion coverage for
each deer was created by adding a 100 nr circuiar
buffer to all telemetry relocations. Each reloca
tion was subsequently trcated as a 3.1.1 ha circu-
lar habitat use plot centered on the original te
lemetry location. By using this approach. I
rc\ o! nired lclemett l lnJ nri:rppi ne r.rror. ls.oci-
ated with each rclocation. I also hypothesized
that deer perceive and select habitats as patches
rather than as points. The deer-use coverages were
then modificd by intersccting the buflered rclo-
cations. resulting in a hnal coverage of winter
u .e  lo rc rch  ind iv iduu l .  Hab i l i r r  n rupon ion \  \ \e re
then compared between the winter us9 coverages
and the buffered home mn-qe polygons of indi-
vidual radiocollared deer according to the method
o1 Johnson ( 1980).

In contrast with winter, during sumncr deer
were u'idely dispersed in a broad array ofhabittt
l \ \oc r . r l iuns .  1 , '  p re rcn t  u : ( . r \ t  d i \e r \ r .  In , ' \a i ( \
by individual deer from obscuring pattems ofre
source selcction on summer range, I classified
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radiocollared deer into one of two discrcte
"ecogroups": ( I ) deer that sumnrered at mid el-
evations, primarily in habitats within ponderosa
pine and mixed-conit 'er fbrest associations. and
(2.) deerthat summered at high elevations (>1.370
m), primarily within moist mixed-conifer asso-
ciations and subalpine habitats ofthe true fir and
mountain henlock forcst associations. Patterns
of resource selection were cvaluated independently
for thesc two ecogroups. The analysis of sum
rner habitat usc by Kiickitat deer was fufthcr strati-
tied by analyzing sunrmer deer use of reserva-
tion lands seprate from dccr use ofcorponte lands
outside of the reservalion. The justitrcation for
this $as the histolical dift 'erence in KRB forest
manrgement approaches wherein uneven aged
nanagemcnt was applied on reservation Iands and
even-aged managcment predoninated on adjacent
state and pdvate lands.

Digitized covcrages of builered point reloca-
tions and individual home range polvgons fbr
summenDg dccr were created similarly to those
tbr wintedng dccr. Evaluations of patch-scale
habitat seLection followcd the same conceptual
approach as that employed lbr winter analyses,
except thal hypothesis testing was basecl on the
nethod of Fricdman ( 1937). Iusedthismethod
instead of thc Johnson (1980.) approach for surn-
mer deer usc because tied ranks resulting from
non Llse olsonlc components were a problcm with
some deer during summer and the Friedn.ran (1937)
tcchnique Jaryely eliminatcd tied ranks.

Evaluations of landscapc-scrle selection on
summcr range diflered slightly from that enployed
for winter use. because deer werc not geographi
cally concentrated within a narrow range of en
vironmcnts during summer. Thcrefirre, the as
sumption that all deer were selecting home ranges
tiom the same background mosaic during sum-
mcr did not seem appropriatc. I selected habitat
adjaccnt to each individual decr's sumner home
ran-qc polygon as representing the background
habitat mosaic tiom which honte ranges wefe
selectcd. Habitat availabilities wcre determined
within a 3 km bufter adiacent to thc respective
100 ' ,  MCP homc r r rnge.  rnd  hrb i t r t  eornp , ' . i -
t ion within hone range polygons and u'ithin the
3 km bufftr zones were compared to assess land
scape scalc selection. The Friedman (1937) method
was also used t0 evaluate use of covgr types at
the landscape scale tbrthereasons dcscribed above.

Results

Capture and N,4ark ng

During l98li-94, radiocollars were placed on 69
deer (56 adult females and l3 adull males). The
69 radiocollaled deer were collectively rclocated
3,152 times. The number ol radiocollared dcer
tracked each year varied fron 16 (1989) to 4:t
( 199I ). GPS enor avcraged 29.8 m 1 4.8 rn ( I
SE) dudng accuracv tests. Actual tracking error
was cstimated to be <200 m firr most relocations
based on tracking of mortalities and test tmns-
mitters. Therefore, tracking system eror (relo-
cation crror + GPS error) was estimated to avcr-
age <250 m and rarelv exceed 350 nr.

Home Ranges

Of the 69 deer radiocollared. three died during
their winter of marking witiout providing enough
data to estimate home ranges. Of the rcmaining
66 deer. nine were non-nrigratory residents of the
lowel KRB where wilter tnpping u'as conducted.
Resident deer werc excluded from the habitat
analyses bccause the study objcctives fbcused on
nrigratory deel behavior. Among nigrants, the
requisite nunber ofrelocations were obtained to
justity estimating seasonal home ranges 1br 43
adult female deer during sumtner and 31 adult
females during winter. For t'emales. the nean
number of relocations used to estimate summer
and winter home ranges was 3.1.1 and 21.0. re-
spectively. Sunmcrh0me ranges werc also esti
mated for cight migratory. adult males tiom a mean
number of 22.,1 rclocations. Too few males were
tracked to allow comparisons of habitat use be-
tween thc sexes, so data from males and femalcs
were pooled for habitat analvses. Data on hone
range sizes and other movement parameters have
been published clsevhere (McCorquodale, ln

Hab tat Use Relat onsh ps

Winter Habitat Belatianships

Mean differenccs between ranks ofuse and avail
ability of cover types in thc background habitat
mosaic during winter su-qgested that deer selected
home nngcs with more oakwoodland habitat than
the background mosaic (Table l); this cover type
was signilicantly prelcrred (P <0.05) overall other
cover types at the landscape scale. Deer home

Klickitat Deer Habitat Use



TABLL l. Rcsult! ol Ninlcr cover t,vpe use an.rl,v\es based
upon rxnk te\ t ing iJohn$n 1980) for  rxdrc
colltred Klickit!t Barin blacl uilcd deer

TABLE 2.  RelLr l rsoi  \umrncrcolcr  ! !pe usc an aly ses based
upon ranks ofdifitrences betq'een use .rnd a\ai1-
abi l i t )  (Fr iedlnrn i937) for  mid c lc! r r ion
ccogroup. radiocol larcd Kl ick i tat  Basln b lack
tai led deer summefing on Yakama Reser\at ion
land 0r=18).Clover '1 jpe Rank'

,\'ailable Nfean Use
(ha) Deliation

Open
Oak $bodl.rnd
Pinc / oak
Nli\ed Conifer

Oak WoL)dlrnd

Pinc / Oak
\{ i led Coni fef

L.LrL l \ rpc  S !J lL j

2.085.6
l . '181.- l
.1.017. :

P|rch Scalc
36.-r7
3 ,1 .12

I  , 11  . 81
6.1.81

Co\er Type't ) .  i l
r . 08

- 0.60
l. l i t )

0 .16
-0.20
-0.0.1
-0 .12

) . !

3.
2.

57.0
,18.0
39.0
t7 .0

5,1.0
51.0

10.5

3
2.
l .

3 .5 r .
3 .5  "

l\'lern Ranks Sums Pretefence
A\ri].rbilit) (U'A)f Rank'

I-indscape Scale
Open / shrub 0.08
OpeD coniler 0.07
Cl l0sed coni lcr  0.18
NlatLrrc / Old grolr'th 0.67

Patch Scale
Opcn / \hrub 0.05

Open coniltr 0.06
Cl0sed coniler 0.2-l
Maturc / Old growth 0.65

'Avcragc de\ ' ia t io l l  of  ranks Luse -  .L\r i labi l i t f l  ibr  I l l

hoverall ra.k of prefefence ll = nl().\t pfefeffedl lranks d.
noted bt shrred superscript afe signilicartl) dilicrcnl. P <

0.051.

ran-{es also contained less mixed conifel habitat
than the background mosaic dufing winter withiD
radiocollared deel wintel home ranges, moder-
ate selection, evidenced by ncgative nean use
deviations between the availability and propor-
tional use of patches, was noted fbr oak rvood-
land, mixed conifer. and pinc/oak. Significant
selection (P < 0.05) was not detected among these
cover types. but all three rvere prcfcrred over'
nonforested habitat patches.

qt tmmar Hahibr  Ral) t i^nehi .a

The null hypothesis that deer used cover typcs
proportional to their availability rvas rejected for
mid-elevation ccogroup deer on reseNation and
nonreservation lands at the landscape scalc (T. =
l . 2 . r . l . = l - | 3 . P < 0 . l 0 r .  S i m  i l a r l ) .  - e l e L  r i ,  ' n  ,  ' l
habitat patches within homc ranges was nonran
dom lbr mid-elevation ecogroup deer on both rcs-
eNation and nonleservation sumnrer ranges (T.
=  5 .2 . r .  T_  -  l .UX.  P  <  l |  I0 ) .  Ar  thc  l cnL l \ccp ;
scale, home ranges of mid elevation deer on tribal
Iands generally contained nrore maturc/old-growth
stands and younger, closed canopy conifer stands
than background nrosaics (Table 2). At the patch
scale, these deer also preterred mature/olcl-growth
and younger, closed canopy conditions rclative
to nonfi)restcd and open-canopy stands (Table 2).

'Open / shrub - non lorcstcdi opcn coniler = < 39tl canop,,''.
closurc (ClC)r clo\cd coniler = >,10i/i CC, < 9 in. dbhr maiure

/  o ld gro$th = >,10i / i  CC. > I  in.  dbh.
FSum olranks of differences in use and rlailahilit] percent-

ages fof all radbcolhred deer
'Olerall rark of prclcrcncc l1 = mon prclcl.rcdl Lra.ks dc
norcd by sharcd superscript are significrntl) diffefeni. l'<
0 . l 0 l .

Mid-e levr t io r  e \ 'o ! r , 'up  deer  \umnrer ine  rn
private tirrest land also sclected home ranges with
more mature/old growth than available in back-
ground mosaics;this covcrtypc was prefened over
all other cover types (Table 3). Summer home
rangcs ofthese deeralso generally contained more
open canopy coniter stands than the background
nosaics. Deer in this ecogroup appetrrcd to sc-
lcct homc ranges with less nonforested habitat
than \\"as typical of background mosaics. Within
the summer honre rangcs of thcse deer. preler-
ence was noted tbr open-canopy coniter habitat
and mature/old-growlh, and non overstory habitat
patches were neither prefened nor avoided rela-
tive to other cover types (P > 0.10).

Thehome ranges of rrdiocollarcd, high-clcva-
tion ecogroup deer contained cover types in similar
proportion to their availabil ity in background
habitat [rosaics (Tr = 0.42. P > 0.50) (Table:l).
Likewise, use ofcovertype patchcs was rclativcly
proportional to their availability in high eleva
tiol] deer sunmer home ranges (T. = 1.68, P >
0.25) (nible ;1).
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TABLE l .  I tesul tsofsumnrcrco!cr  t lpc use anl lvsesbased
Lpon rank\ ofdifTerenccs bctwccn usc lnd a!!il
. r b i l i t ]  ( F f i e d ' n a n  1 9 3 7 )  l o r  n l i d  c l c ! c l i o n
eeogf(mp. r.rdiocollrred Klickitat tsasill hlack
triled deer sunlmering on coeorrte timberlands

O = numbef o l  radioed deef  in an.r lys ls) .

TABLE .1. Results olsumnr.r co!er type u\e rn.rl) ses based
upon ranks ofdi i iercnccs bclNeen use and.rvai l -
r b i l i r t  ( F r i e d m a n  l 9 3 l )  l i r  h i s h  e l e ! a t i o n
ecogmup. radiocollared Klickitat B.rsin black,
la i lcd dcer (n=8).

a  o \ e r  l i f c -
NIe n

A!ailabilit)
Ranks Sums Prciircncc

(Lr-Af liank.
Colcr Tlpc"

l\'le.rn R.rnk\ Sums Preferencc
A\ail.rbilit)- (U-A)' Rank'

Op€n / shrub 0.0.1
Open coni i i r  0. l l
Cl$ed coni fef  0.07
Nlatufe / Old gfowrh 0.56

Patch (n= l5 l
Open / slnub 0.0,1
Open coni ier  0.38
Closcd coni lcr  0.06
Nlalure / Old gro$th 0.52

Landscape Scalc ( l ]= l0 j
I-andscapc Scxle

Opcn /  shrub 0.16
Open coni fcr  0.21
Closed conifef 0.10
\lature / Old gro$th 0..13

Prtch scale
Opcn /  shrub 0.1.1
Opc. coni icr  0.20
Closcd coni lcr  0.19
N,latufe / Old gr(Irth O.11

33.0
I 1 . 0
28.t)
1 8 . 0

38 .5
28 .0
,11.5
r9.0

l :

-l
t _

19 .0
l l .0
17 .0
)).0

23.0
:.1.0
1'1.0
19 .0

2
1.5
t
-1.5

-l
.t
I

'Open / shrub = non lbrestcdt opcn coniicr = <,107 crtnop)
closure (CClr closcd coniicr = >.10'Z ClC. < 9 in. dbh: In.rtLrfe
/  o ld gro$r i r  = >. l0t l  CC. > 9 in.  dbh.
"Surn oi nnks oi diliercnles in use an.l r\,.ri1.rbi1ity pefcent-
ascs lor all radiocollared deef.
'O!er.rll rank of pretefence fl = most pfeferredl lranks de
nolcd b,"- shrrrcd superscript ltre \igniiicrnrl] different. l' <
0. r0l.

Discussion

Ana yt lc Approach

I used seasonal home rangcs. cstinrated from te-
lcmctry, to detlne sampling fiames 1br landscape
and patch scale habitat selection questioDs. Home
rllnge estimation has been discussed extensively
in the l iterature (Van Winkle 1975. Samucl et al.
i9lj5, Wonon 1987. l9E9). It is known that esti
matcs of homc range size lre aftected by model
assumptions, treatmenl of oull icrs, and sample
sizes (Van Winkle 1975. Worton 1987, Seamon
andPolell 1996). Obviousll othcrmcthodswould
havc yielded somewhat diilerent estimates ofhome
range size and shape. Although MCP homc ran-qc
estimates are sensitive to outliers. the)r require
ttw distributional assumptions (Ackerman et al.
l989). Likewise, many- probabilistic modcls per-
firrm poorly unless srnrple sizes are larger than
those used 1o eslinratc scasonal use areas of deer
in this study (Woron 1989). Given the trade
olfs between home range models. samplc-size
constraints. and the need to sinply ideltify an
objectively-dctcrmined sampling frame tbr habi-
tat questioDs I had franed. I believc my use of
MCP estimates was a reasonable approach.

" Open / \hrub = non iorc\tcdi op.n coDifer = < 39% canoty
clo\Lrfe (CC)r closed coniler = >.10s: CC. < 9 in. dbh: malLrfe
/  o ld gro$lh = >.10% CC, > 9 in dbh.
"Sum of ranks ofdifferenccs in usc and r!ailabilit\ percent-
igcs for dl rrdiocolllred deer.
'Over.rl1 r.rnk of pfeferenc!. [| = nost prclenedl lmnks de-
notcd b) \harcd iuperscript are significanlly difttrent. P <
0 . 1 0 1 .

Rank testing methods for studying animal prefl
crcnce ti)r habitats have mary desirable fcatures
(Alldredgc and Ratti 19136). However, reducing
data to mnks reduces the rcsolution ()f some in
fonnation available regarding animal use. Thcse
methods also may obscure distinctive patterns of
certain individual animals. It was apparent in this
study that some deer had home ranges centered
on spccific habitat features such as a clearcut. a
shrub field, ora riparian zone that did notalways
emerge as important populationlcvel habitat fea-
turcs. The methods of Friedman (1937) and
Johnson (l980) are clearly designed to yield in
ference that is weightecl towar-ds common patlems
rmong all animals as opposed to individuals.
Although it is intercsting to note promincnt indi-
vidual pattems. managers should emphasize the
maintenance of habitat conditions that are pre
dictably used by most individuals. Thus, I rec-
ogrize that the aDalytical approach I employed
nay havc obscured some habitat selectiol bchav-
iors. However. I believe the methods u'ere ap
propriatc fbr yielding insight into impoltant popu-
lation level patterns.

The rank tcstin-q methods I employed also pro-
duced a ranking of habitats ftonr least to nost

Klicl itat Dccr H.Lbitut LIse



prcfcrrcd. cvcn when differences between the
rankings were not statistically significant. Al-
rhough t rends  mr5  be .Lrgge. ted  in .o rne  non . i c
nificant relationships. I attempted k) clearly f lag
those rank differences that wele siglilicant and
enphasize significant relationships in the results
and tir l lowing discussion.

W n ter  Hab i ta t  Re a t ionsh ips

In  r . r rn r r rs r  u i th  rhe  hr r . .kgr , 'un . l  huh i t .L t  r r r , ' ' l i e
during winter. radiocollared deer appeared to se
lect home ranges with more nonti)rested, oak. and
oaUpine fringe habitat. These cover types are
generally associated with lower elevation, xeric
environmental settings in the KRB. Deer also
selected winter home ranges with less mixed co
nif 'er habitat than *rs locally availablc. Within
the gereral vicinity of the winter trapping area.
extensive mixed conifcr covcr was typically as-
sociated with higher elevation uplands and cold
air sinks. Winter deer home langes were, there-
tbre, associated with cover types that predictably
received less snow. more radiant energy, and had
more open canopies. In such settin-qs, deer would
find energetically less demanding winter habitat
and morc acccssiblc tirragc. Acoms, a sourcc of
energy and Dutrients during critical wintermonths,
were also relatively easily obtained beneath oak
canopies.

Within *'inter homc rangcs. radiocollarcd dccr
also demonsffated selection tbr oak, oak/pine, and
mixed conifer patches relatire lo nonforested
components. Although home ranggs contained
lcss mixed conifer habitat than the background
nosaic, radiocollared deer appeared to selectiyely
use nixed conifer patches $,ithin their wrnter home
rangcs. As prcviously notcd, it sccms likcly that
the bulk of the mired conifer cover type in the
vicinity of the winter concentration area was as
sociated with unfirvorable wintering macrohabitat:
howeler, when conifer stands did occur close to
more preferred macrohabitats such as extersive
oak and oak/pine habitat, deer readily used mixed
conifer stands lbr cover

During winter. oak dominated habitat patches
rppearcJ t,r prt 'r it lc prcl. rrcd l 'r 'rr8rng \clrints.
for deer. Forage u'ithin oak-doninated habitats
included acorns ancl sub-shrubs; during thc sc-
vere wintel of 1992 93, deer were also noted for
aging extensively on arboreal lichens that were
. '  mrn , 'n  in  ruk  s t rnJ . .  H i !h  t r r l l i n ! .u i !e \ .  in

oak doninated stands relalive 10 other covcr typcs
also suggested habitats u'ith a strong oak compo-
nent *ere preferred b)' wintedng deer.

Suring and Vohs ( 1979) fbund that Columbian
white-tailcd decr (.O. tirginitmns Leuc:uru.s) pre-
fered habitat components ploviding substantial
cover and tbrage over conponents proyiding ei
ther alone. Likewise. this intuit ive preference of
deer fol habitat stmcture meeting multiple eco
logical nccds was suggested by Loti and Menke
(198,1) lbr wintering black-tailed deer in Dorth
crn Cali lbrnia. Conilcrous forcst ccotone hrbi-
tat in the KRB (i.e., oak and oak/pine habitat)
probably provided both quality tbrage and cover
relalivc to opcn habitat componcnts and exten-
sive closed-canopy mixed conifer stands, r'hich
providcd cilhcr primarily t iragc or cover rlone.

Summer  Hab ta t  Re la t ionsh ips

Mid-elevation. summer deer habitat on thc Yakama
Ru.cr !  J I ion  i '  rn ln lecd  pr in t r r i l )  u \ I rp  unL\Ln-
aged silviculture. whereas on corporatc l imbcr-
lands in the KRB, a mix of even aged and un-
even-aged management has historjcally been used.
This dit ' fLrencc in nranagement has led to sub-
stantial differences in the slruclure of posrlog-
ging conifer stands. GIS analyses indicated thtrL
deer summering on tribal land had a greatcr arctr
of mature and old growth and small-diamctcr.
closed canopy conifer habitat available in both
background and home range habitat mosaics rela
tivc to dccr summering on private land. Open-
canopy conifer habitat and clearcuts were morc
abundant on managed private lands than on tribal
tanos.

Mid-clcvation dccr summering on triballv
managed lands used non-forcstcd and opcn-canopy
conifer habitat less than expected in the absence
of selection at the home range and habitat patch
scalc. On an uncvcn-agcd, mtrnaged landscape.
such habitats wcrc typicall_r'- associated vith xe-
ric site conditions or stands that wcrc harvested
heavily during previous entries. Although open-
canopy habitat is often generalized as bcing for-
age producing habitat rvith considerable value to
u  i l J  ungu l r r tes .  r rd i ,  t  r  r l l r reJ .  tn id -e lc r  r r t  ion .  re . .
ervation deer displayed litt le selcction tirr open-
canop.v ol nonforested habitat. Although black-
tailed deer have been generalized as an ccotone
species (Witmer et al. 1985), empirical data havc
beer variously suppofiive of (Hanley 1983) and
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conlrary to (KirchholT ct al. 1983) this hypoth-
e . i ' .  depcnd ing  on  c i i rna t ic  and u thcr  rn r i ron-
mental teatures of study areas. In my study. the
usc of acrial diurnal point locations may have
undersanpled deer involved in major crcpuscu-
lar foraging bouts. However my approach ofusing
a 3.l: l ha habitat use plol centercd on thc point
relocations did not detect any widcsprcad atfin-
ity for openings or open canopy stands anong
radircollared deer It is likely. howerer. that smaller
openings wcrc inadcquatcly mapped. and CIS-
based analyses may have subsequently undcrcs-
tinated use of these smaller openings by
ladiocollared deer.

Radiocollared cleer pref'erentially used mature
and old-growth habitat at a landscape scale re-
gardless of whether they sunmered on reserva-
tion or corporate timberlands. On corporate land.
mature/o]d-grou.th was ranked as the second most-
prcftrrcd habitat at a patch scale. although it was
significantl l pret'erred only over young. closed-
canopy stands. Mature and old-growth tbrest
habitat has becn shown to providc prcitrrcd sum-
mer habitat for black tailed deer, despite the gen-
eralization thrt mature. closed-canopy folests
provide iittle ungulate firrage (Kirchholl et al. 1 983.
Loft ct al. 198,1. Hanley et al. 19139). Parker rnd
Robbins (198.1) experimentally determined an
uppcr crit ical cnvironmcntal temperature of 25
Co for surrmering mulc dccr Oldcr. closcd-canopy
forest stands in the Klickitat may have provided
an energetically favorable thermal environment
ibr summering dccr during thc warnl, dry sum-
mers characlerislic of thc castcrn slopcs ol the
Cascade Range.

Apparent preference fbr open-canopy coniler
stancls on corporate timberlands attests to the adapt-
abil ity olblack-tailcd clccr, a gcncralist herbivore.
During this study, logging occuned in the home
ranges ofa tew radiocollared deer. and previouslv
logged habitat occurred in several deer homc
ralges. h general, active logging temporadly
displaced deer to parts ol their home rrnge be-
yond the logging disturbance. To my knorvlcdgc,
no deer abandoned a home range alrcady docu
nented by radiotelemetry because of logging.
Be.Ju .e  h , rn re  r . rnge l i , le l i t l  r ' ,  i r \  . l f , rn ! .  i l  rp -
peared deel coped with habitat change mediated
by logging.

Site lidelit,v arnong deer, especially lenales,
complicates the interpretrtion of nranagement-

induced change on habitat quality. For example.
it is diflicult to detemine whcthcr a deer with
logged habitat in theil home range sclected the
home range because of, ol in spite of, nranage-
ment-i lduced features, because thcir f idelity to a
female home ran-sc tradition is so strong
(McCorquodale. lnpress). Deerwithhomeranges
pefturbed by management may have had matri-
lineal tldelity to the site before the habitat rlter-
ation. Ultimately. habitat value should bc defined
not sirnply by preference behavior, but by the in-
fluence of habitat on individual lltncss. Longer
te rnr  da ta  on  'un iva l  ln t l  r r : f r , ' r lu . t i re  'uere i .
lbr dccr with known home range tmditions aDd
cxpcrimentrl ly-controlled habitat change would
be required to rigorously test hypotheses of this
nature. Neither this nor any previously published
. tu t l y  hus  l ie lL led .uch  h)po thcs i .  les t ing .

Management lmplications

The seasonal habitatnosaic for KRB deer includes
limited public land, unlike the scenario for many
u'estern big game populations. During summer.
KRB deer primarily dcpend on habitat provided
by the Yakama Indian Reservation and corporate
timberlands. Winter range. a limiting factor for
man) wcstem big garne populations. is predomi-
nantly provided by state and private land in the
KRB.

Because Klickitat dccr. a resource owned col
lectivcly by both the tribal and nontribal public.
dcpcnd heavily on privatelv-owned and managed
land, long telm habitat conservation is an impor-
tant concern fi)r managers. Historically. manag-
ers of public rvildlife resourccs have had grelrter
control over hrbitat management on public lands
than on pdvate lands. Likewisc. t'cderal environ-
mental larvs applicable to f'cdcral public lands otten
havc morc l imited applicabil ity on pdvate lands.

ln the lasl sevcral decades, considerable low
elevation deer habitat has been coDverted to agri-
cultural and rurtrl dcvcloprnent. During this study,
nerl hone building continued within the winter
study area. Continued habitat converslon or de-
!elopment in thc lower KRB can only iufiher re
duce the rvinter carrying capacity of this area and
increase the relative impact of periodically se-
vcrc winters on deer survival (McCorquodale, ln
prcss). Similarly, decades of firc suppression in
thc lower Klickitat has led to encroachnent o1
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ponderosapine into areas once doninated by nearly
pure oak stands. winter habitat maintenance and
enhanccncnt should rcmain a high priority for
Klickitrt deer managers. Civen the impoftance
of pdvately ou'ned deer u,ilter lange. coopera
tiVe agreements providing an incentive tbr large
landowners to conserve winler deer habitat \,al-
ues may be required to achieve longterm habitat
coDsenation obiectives.

Habitat use by Klickitrt deer suggested con-
siderable atl inity tbr older tbrest stands on sum-
mer mnge. Thus, retention of some older mid-
elevation tbrest stands across the landscape in the
more xeric portiolrs of black-tailed deer rarrge
shoLrld also be a management priority. Winter
habitats with a strong oak component appeared
to have subslaDlial value to deer in this region as
cvidcnccd by prcdictablc prcf'crence among a large
.i lmpl( ol rrdiocollrlcd Jeer'. Oak-/pinc eeotone
habiLats nrtry rcquirc manipulrtions such as pre-
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