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Landscape and Patch Scale Habitat Use by Migratory Black-tailed Deer
in the Klickitat Basin of Washington

Abstract

1 studied habitat use of Columbian black-tailed deer (Odocoilens liemionus coliumbiconus) in (the Klickitat Busin ol Washington.
“T'he habitat mosaic for Klickitat deer consisted of large tracts managed independently by the Yakama Indian Nation, the State of
Washington, and two corporate [orest-owners. Selection of habitats at the landscape and patch scale was investigated using
radiocollared deer. During winter. deer preferred habitats with an overstory dominated or codominated by Oregon white oak
(Quercus garrvanna) at both scales ol selection. Also during winter. deer selected home ranges with less mixed conifer cover type
than available in the hackground mosaic. but showed some preference for mixed conifer patches within home ranges.  Deer
accupying mid-clevation home ranges on the Yakama Reservation preferred mature/old-growth and younger, closed-canopy coni-
fer stands at both selection scales during summer, Mid-elevation decr on corporate forestland summer range preferred mature/
old-growth stands and open-canopy conifer stands at the landscape scale and the same two habitat classes in reverse order at the
patch scale. During summer. decr with high elevation home ranges used habitats in relative proportion 1 their availability at both
selection scales. Habitat conservation for Klickitat deer is complicated by & mixed-ownership mosaic and diverse management
approaches. Private land habitat vilues are impertant during summer and winter, and conservation may require extensive coordi-
nation hetween public and private resource managers and incentives for private landowners. Conservation of oak-dominated
habilat on winter range and mature and old-growth habitat on summer range should be a priority for Klickitat deer managers.

Introducticn ranges from a background habitat mosaic (land-
scape-scale selection), and (2} selection of habi-
tat patches within the seasonal home ranges of
individual deer (patch-scale selection). Specifi-
cally, the following null hypothesis was tested for
both wintering and summering KRB deer rela-
live to landscape selection: cover lypes within deer
home ranges were proportional to their availabil-
ity in a broader habitat mosaic. The null hypoth-
esis tested for wintering and summering KRB deer
relative to patch sclection was: deer used cover
types proportionally to their availubility within
home ranges.

Knowledge of a species’ habitat affinities is es-
sential 10 informed management. For example,
without basic knowledge of habitat relationships,
the consequences of habitat alteration resulting
from human land uses cannot be predicted nor
can cover types be ranked according to their value.
Previous studies have documented some aspects
of habitat use for Columbian black-tailed deer
(Odocoileus hemionus columbianus) in mesic
habitats of their range (Brown 1961, Miller 1970,
Loft et al. 1984, McNay et al. 1994). However,
little is known about black-tailed deer habitat usc
along the castern edge of their distribution where
the more xeric environment supports different
vegetation than in coastal and westslope habitats.

Study Area

Physiography and Ciimate

During 1988-94, | studied the ecology of mi- The KRB consists of approximately 350,000 ha

gratory black-tailed deer in the Klickitat River
Basin (KRB) along the eastslope of the Wash-
ington Cascades. In this paper, I report on habi-
tat use patlerns of KRB deer, which were studied
in a mixed-ownership landscape managed by the
Yakama Indian Nation. the state of Washington,
and two large forest products companies.

Conceptually, Taddressed habitat relationships
at two levels of selection: (1) selection of home

of forest and rangeland along the eastern slope
of the Washington Cascades (Figure 1). Eleva-
tions range from 3,742 m at the crest of Mt. Adams
to less than 600 m. The upper basin lays mostly
within the 650,000 ha Yakama Indian Rescrva-
tion. Tepographically, the upper basin is char-
acterized by rugged, mountainous country along
the Cascade crest that quickly grades into a large,
forested plateau. Except for the highly dissected
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Klickitat River Canyon, most of this platcau con-
sists of a gently rolling basin that eventually rises
to form the Simcoe Mountains along the south-
ern boundary of the Yakama Reservation. Favor-
able physiographic conditions for wintering deer
exist along the lower slopes of the Simcoe Moun-
tains. The lower, southern-most portions of the
KRB historically consisted of discontinuous co-
niferous forest, Oregon white oak (Quercus
garryanna) woodlands, and rangeland. Consid-

erable agricultural and rural development has
occurred in the lower reaches of the drainage near
the towns of Goldendale and Glenwood.
Annual precipitation ranges from nearly 180
cm to approximately 20 cm, depending on eleva-
tion and distance {rom the Cascade Mountains.
Precipitation is strongly seasonal with most fall-
ing during winter and spring. Mean annual snow-
fall measured in nearby Yakima, Washington, [964-
94. was 61.2 cm (National Oceanic and Atmospheric
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Figure 1. Location ol the Klickitat Basin and Yakama Indiar Reservation, Washington.
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Administration [NOAA] 1994), During this study
{1988-94), annual snowfall was below this long-
term mean during the winters of 1988-89, 1989-
90, 1990-91, 1991-92, and 1993-94 (NOAA 1994).
Annual snowfall exceeded the 1964-94 mean
during winter 1992-93 and was the second high-
est snowfall recorded since 1910.

Vegetation

Habitats of the upper Klickitat are primarily al-
pine and subalpine communities dominated by
mountain hemlock (Tsuga mertensiana), Pacific
silver fir (Abies amahilis), and subalpine fir (A.
lasiocarpa) associations (John et al. 1988). Mid-
elevation mixed-conifer stands are dominated by
wastern hemlock (7. heterophylla), grand fir (A.
grandis), and Douglas-fir (Pseudotsuga menziesit).
Lower elevation forests are typically dominated
by ponderosa pine (Pinus ponderosa) associations.
The forest/rangeland ecotone is characterized by
mixed ponderosa pine/Oregon oak stands or pure
Oregon oak woodlands.

Nonforested habitats include abundant wet
meadow and subalpine park areas in the upper
KRB and widespread xeric meadows and
shrubfields at lower elevations. Rangeland habi-
tats are dominated by perennial grasses such as
blucgrasses (Poa spp.) and fescues (Fesfuca spp.)
and discontinuous shrub overstories dominated
locally by sagebrush (Artenisia tridentala), bil-
terbrush (Purshia tridentara), and shiny-leaf
ceanothus (Ceanorhus velutinus).

Habitat Managemeni

About 200,000 ha of the KRB is within the Yakama
Reservation. Beise Cascade Corporation owns
approximately 30,000 ha of mid-elevation forest
in the KRB, and Champion International Corpo-
ration owns an additional 38,000 ha of KRB for-
est land, most in the western part of the drainage.
Additionally, the Washington Department of Natu-
ral Resources manages approximately 19,00{ ha
of state forest land south of the Yakama Reserva-
tion. Reservation lands in the KRB provide sum-
mer range. whereas state and private lands south
of the reservation provide a mix of summer and
winter range.

Commercial forest management is the domi-
nant land use in the KRB. Yakama Reservation
forests have been managed using uneven-aged
management for several decades; clearcutting on

the reservation has historically been rare
(McCorquodale et al. 1997). Clearcutting and
intensive selective harvesting has been more ex-
tensive on corporate and state-owned timberlands
in the KRB. Other land uses include cattle graz-
ing. common op both reservation and corporate
timberiands, and agricultural development in the
lower Klickitat.

Deer winter range in the lower Klickitat con-
sists of a series of south-facing breaks along the
Klickitat River canyon. These open slopes rise
steeply from extensive forest stands along the river.
As the breaks grade into the lower Simcoe pla-
teau, these openings give way to oak woodlands,
and eventually to extensive pinc forest as distances
from the river and elevations increase. Forest cover,
hoth coniferous and deciduous, is extensive on
some portions of the Klickitat winter range.

Methods

Marking and Telemetry

Deer were captured using collapsible Clover deer
traps (McCullough 1973) and a hand-triggered.
21 m x 21 m drop net (Ramsey 1968, Conner et
al. 1987). Trapping was conducted atter the close
of recreational hunting seasons. and typically
occurred between mid-December and late-Feb-
ruary. Traps were dispersed throughout the win-
ter study area in all major cover types to avoid
biasing the collection of habitat use data. A sample
of adult deer captured each vear reccived
radiocollars {MOD-300, Telenics, Inc., Mesa,
Arizona). Although I did not use a formal ran-
domization protocol, ! attempted to spread
radiocollars throughout the winter study area, thus
avoiding the oversampling of specific matrilines.
Most radios were placed on adult female deer,
but some were placed on adult males. Radios
transmitted at 148-150 Mhz and had an cstimated
two to three year battery life.

Radiocollared deer were relocated weekly
during spring, summer, and fall, and approximately
twice monthly during winter. Relocations were
obtained from a Cessna 182 or Citabria aircraft
fitted with two strut-mounted directiopal anten-
nas. Aerial tracking protocol generally followed
that of Gilmer et al. (1981). Coordinates for ae-
rially-relocated deer were determined using a
Geographic Positioning System (GPS) unit
mounted on the aircraft’s instrument panel.
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Coordinates obtained from the GPS unit were con-
verted from latitude and longitude to Universal
Transverse Mercator (UTM) coordinates using a
computer algorithm (Dodge et al. 1986). Peri-
odically, GPS accuracy was tested by collecting
coordinates for known locations,

Movements and Home Range Estimation

Seasonal home ranges (100% minimum convex
polygon [MCP]) for radiocollared deer were es-
timated with PROGRAM HOME RANGE
{Ackerman et al. 1989). Minimum Convex Poly-
gon estimates were used to facilitate habitat analy-
scs because they were nonpuarametric, required
few assumptions, and were simple to map using
a Geographic Information System (GIS). My
interest in home ranges was primarily to define
sampling units for habitat questions. Inter-year
seasonal home range overlap for deer that were
tracked for more than one year was considered
cvidence of home range fidelity. Inter-year relo-
cation data were pooled for seasonal home range
estimation in cases where home range fidelity was
documented. Seasonal home ranges were esti-
mated only for deer with at least 1{} seasonal re-
locations.

Habitat Use Relationships

Preliminary observations suggested that KRB deer
summered in a diverse array of cover types in
environments ranging from subalpine to oak/shrub-
steppe ecotone. During winter, however, deer in
the KRB regularly concentrated in anarrow range
of habitats, Because of this, the analytical strat-
egy differed for summer and winter deer habitat
use data.

During winter, the proportional composition
of home ranges and the proportional use of cover
Lypes by radiocollared deer were examined in a
GIS environment (ArcInfo®). Siatistical testing
of habitat use hypotheses was based on rank test-
ing using the methods of Johnson (1980) and Fried-
man (1937). The 2 methods differ subtly. The
Johnson method is based on the differcnce in the
ranks of used and available habitats accross all
individuals. In contrast. in the Friedman approach,
the difference in the proportions of available and
used habirats is calculated for each individual and
these computed differences are then ranked within
individuals. Rank-testing approaches had two
distinct advantages over other methods: {1) small
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errors in estimating habitat availabilities were
inconsequential. and (2) by maintaining individual-
level telemetry data the problems associated with
pooling data from different individuals was avoided
{Alldredge and Ratti 1986). However, these meth-
ods stiil facilitate inference about population-wide
patterns of rescurce selection (Alldredge and Ratti
1986).

I assumed that all radiocollared deer on the
core winter study area had the opportunity 1o se-
lect (landscape scale) from the same array of avail-
able habilat components. Therefore, landscape-
scale winter habitat availabilities were determined
within a digitized ArcInfo® polygon that roughly
corresponded to a composite winter home range
of radiocollared deer, and the area of various cover
types within the composite winter home range
was determined using GIS.

For winter landscape-scale analyses, each deer’s
home range polygon was digitized using GIS. but
each was enlarged by a 100 m buffer because of
the way individual relocations were treated (de-
scribed in next paragraph). The relative arca of
different cover types within individual home range
polygons and within the previously-described
composite winter home range polygon were then
compared.

Winter deer use (patch-scale) was sampled using
an ArcInfo® coverage created from winter deer
telemetry locations. A relocation coverage for
each deer was created by adding a 100 m circular
buffer to all telemetry relocations, Each reloca-
tion was subsequently treated as a 3.14 ha circu-
lar habitat use plot centered on the original te-
lemetry location. By using this approach, 1
recognized telemetry and mapping errors associ-
ated with each relocation. [ also hypothesized
that deer perceive and select habitats as patches
rather than as points. The deer-use coverages were
then modified by intersecting the buffered relo-
cations, resulting in a final coverage of winter
use for each individual. Habitat proportions were
then compared between the winter use coverages
and the buftered home range polygons of indi-
vidual radiocollared deer according to the method
of Johnson {1980).

In contrast with winter, during summer, deer
were widely dispersed in a broad array of habitat
associations. To prevent use of diverse mosaics
by individual deer from obscuring patterns of re-
source selection on summer range, T classified




radiocollared deer into one of two discrete
“ecogroups™: (1) deer that summered at mid-el-
evations, primarily in habitats within ponderosa
pine and mixed-conifer forest associations, and
{2} deer that summered at high elevations (>1,370
m), primarily within moist mixed-conifer asso-
ciations and subalpine habitats of the true fir and
mountain hemlock forest associations. Patterns
of resource selection were evaluated independently
for thesc two ecogroups. The analysis of sum-
mer habitat use by Kiickitat deer was further strati-
fied by analyzing summer deer use of reserva-
tion lands separate from deer use of corporate lands
outside of the reservation. The justification for
this was the historical difference in KRB forest
managerment approaches wherein uneven-aged
management was applied on reservation lands and
even-aged management predominated on adjacent
state and private lands.

Digitized coverages of buffered point reloca-
tions and individual home range polygons for
summering deer were created similarly to those
for wintering deer. Evaluations of patch-scale
habitat selection followed the same conceptual
approach as that employed for winter analyses,
except that hypothesis testing was based on the
method of Fricdman (1937). T used this method
instead of the Johnson {198() approach for sum-
mer deer use because tied ranks resulting from
nen-use of some components were a problem with
some deer during surnrner, and the Friedman (1937)
technigue largely eliminated tied ranks,

Evaluations of landscape-scale selection on
summer range differed slightly from that employed
for winter use, because deer were not geographi-
cally concentrated within a narrow range of en-
vironments during summer. Therefore, the as-
sumption that all deer were selecting home ranges
from the same background mosaic during sum-
mer did not seem appropriate. [ selected habitat
adjacent to each individual deer’s summer home
range pelygon as representing the background
habitat mosaic from which home ranges were
selectcd. Habitat availabilities were determined
within a 3 km buffer adjacent to the respective
100% MCP home range, and habitat composi-
tion within home range polygons and within the
3 km buffer zones were compared to assess land-
scape scalc selection. The Friedman (1937) method
was also used to evaluate use of cover types at
the landscape scale for the reasons described above,

Results

Capture and Marking

During 1988-94, radiocollars were placed on 69
deer (56 adult females and 13 adult males). The
69 radiocollared deer were collectively relocated
3,152 times. The number of radiocollared deer
tracked each year varied from 16 (1989} to 44
(1991). GPS error averaged 298 m+ 4.8 m (1
SE) during accuracy tests. Actual tracking error
was estimated to be <200 m for most relocations
based on tracking of mortalities and test trans-
mitters, Therefore, tracking system error (relo-
cation crror + GPS error) was estimated to aver-
age <250 m and rarely exceed 350 m.

Home Ranges

Of the 69 deer radiocollared. three died during
their winter of marking without providing enough
data to estimate home ranges. Of the remaining
66 deer, nine were non-migratory residents of the
lower KRB where winter trapping was conducted.
Resident deer werc excluded from the habitat
analyses because the study objectives focused on
migratory deer behavior. Among migrants, the
requisite number of relocations were obtained to
justity estimating seasonal home ranges for 43
adult female deer during summer and 31 adult
females during winter. For females, the mean
number of relocations used to eslimate summer
and winter home ranges was 34.1 and 21.0, re-
spectively. Summer home ranges were also esti-
mated for eight migratory, adult males from a mean
number of 22.4 relocations. Too few males were
tracked to allow comparisons of habitat use be-
tween the sexes, so data from males and females
were pooled for habitat analyses. Data on home
range sizes and other movement parameters have
been published clsewhere (McCorquodale, in
press).

Habitat Use Relationships
Winter Habitat Relationshios

Mean differences between ranks of use and avail-
ability of cover types in the background habitat
mosaic during winter suggested that deer selected
home ranges with more oak woodland habitat than
the background mosaic (Table 1}; this cover type
was significantly preferred (P < 0.05) over all other
cover types at the landscape scale. Deer home
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TABLE 1. Resulis of winter cover-type use analyses based
upen rank testing (Johnson 1980} for radio-
collared Klickital Basin black-tailed deer.

Mean Use  Preference
Deviation"  Runk"

Available
Cover Type (ha)

Landscape Scale

Cpen 2,085.6 -042

Oak Woodland 1.482.3 - 108

Pine / Oak 4,017.2 -0.60

Mixed Conifer 4.577.5 1.80

Patch Scale

Open 36.37 0.36 Jeste
Ouk Woodland 34.12 -0.20 I¢
Pine / Oak 141.81 -0.04 3
Mixed Conifer o4 87 -0.12 2¢

*Average deviation of ranks |use - availability] for all
radiocellared deer.

POverall rank of preference [1 = most preferred] [ranks de-
noted by shared superscript are significanly dilferent, P <
0.03].

ranges also conlained less mixed conifer habitat
than the background mosaic during winter. Within
radiocollared deer winter home ranges, moder-
ate selection, evidenced by negative mean use
deviations between the availability and propor-
tional use of patches, was noted for oak wood-
land, mixed conifer, and pine/oak. Significant
selection (P < (0.05) was not detected among these
cover types, but all three were preferred over
nonforested habitat patches.

Summer Habital Relationships

The null hypothesis that deer used cover types
proportional to their availability was rejected for
mid-elevation ecogroup deer on reservation and
nonreservation lands at the landscape scale (T, =
3.23.T,=3.43, P<0.10). Similarly, selection of
habitat patches within home ranges was nontan-
dom for mid-elevation ecogroup deer on both res-
ervation and nonreservation summer ranges (T,
=529, T,=308, P< .10). At the landscapé
scale, home ranges of mid-elevation deer on tribal
lands generally contained more maturce/old-growth
stands and younger, closed-canopy conifer stands
than background mosaics (Table 2). At the patch
scale, these deer also preferred mature/old-growth
and younger, closed canopy conditions relative
to nonforested and open-canopy stands (Table 2).

6 McCorquodale

TABLE 2. Results of summer cover-type use analyses based
upon ranks of differences between use and avail-
ability (Friedman 1937) [or mid-clevation
ceogroup, radiocollared Klickitat Basin black-
tailed deer summering on Yakama Reservation
land {n=18}.

Mean Ranks Sums  Preterence

Cover Type Availability  {U-A)® Rank®
[.andscape Scale
QOpen / shrub 0.08 57.0 it
Open conifer 0.07 48.0 3
Closed conifer 0.18 3.0 2
Mature / Old growth 0.67 37.0 1Y
Patch Scale

Gpen / shrub 0.05 54.0 3.5
Open conifer 0.06 54.0 3.5
Closed conifer 0.24 41.5 281
Malure / Old growth (.65 30.5 IS

*Open / shrub = non-forested: open conifer = < 39% canopy
closure (CCy; closed conifer = 2 404 CC, < 9 in. dbh; marure
/old growth = 2 404% CC. > 9 in. dbh.

"Sum of ranks of differences in use and availability percent-
ages for all radiocollared deer.

‘Overall rank of preference [1 = most preferred] [ranks de-
noted by shared superscript are significantly different, £ <
0.10].

Mid-elevation ecogroup deer summering on
private forest land also selected home ranges with
more mature/old-growth than available in back-
ground mosaics; this cover type was preferred over
all other cover types (Table 3). Summer home
ranges of these deer also generally contained more
open-canopy conifer stands than the background
mosaics. Deer in this ecogroup appeared to sc-
lect home ranges with less nonforested habitat
than was typical of background mosaics. Within
the summer home ranges of these deer, prefer-
ence was noted for open-canopy coniter habitat
and mature/old-growth, and non-overstory habitat
patches were neither preferred nor avoided rela-
tive to other cover types (P > (1.10).

The home ranges of radiocollared, high-cleva-
tion ecogroup deer contained cover types in similar
proportion to their availability in background
habitat mosaics (T, = 0.42, P > (0L.50) (Table 4).
Likewise, use of cover type patches was relatively
proportional to their availability in high eleva-
tion deer swnmer home ranges (T, = 1.68, P >
0.25) (Table 4). i




TABLE 3. Resulis of summer cover-lype use analyses based
upan ranks of ditferences between use and avail-
ability (Friedman 1937) for mid-clevation
ecogroup, radiocollared Klickitat Basin black-
tailed deer summering on corporate timberlands
(n = number of radioed deer in analysis).

Mean Ranks Sums  Preference

Cover Type? Avaitability  (U-A} Rank®

Landscape Scale (n=10)

Open / shrub 0.04 330 4
Open conifer 0.33 21.0 2:
Closed conifer 0.07 28.0 3z
Mature / Old growth 0.56 18.0 132
Patch in=15)
Open / shrub 0.04 85 3
Open conifer (.38 28.0 1
Closed coniler 0.06 44.5 43¢
Marure / (ld growth 0.52 29.0 2

“Open / shrub = non-forested: open coniler = < 40% canopy
closure (CC): closed conifer = 2 40% CC. < 9 in. dbh: mature
fold growth = = 40% CC, > 9 in. dbh.

“Sum of ranks of dilferences in use und availability percent-
ages for all radiocotlured deer.

“Overall rank of preference [1 = most preferred) [ranks de-
noted by shared superseript are significantly ditferent, P <
0101

Discussion

Analytic Approach

I used seasonal home ranges, cstimated from te-
lemetry, to detine sampling frames for landscape
and patch scale habitat selection questions. Home
range estimation has been discussed extensively
in the literature {Van Winkle 1975, Samuel et al.
1985, Worton 1987, 1989). It is known that esti-
mates of home range size are affected by model
assumptions, treatment of outliers, and sample
sizes (Van Winkle 1975, Worton 1987, Seamon
and Powell 1996). Obviously other methods would
have yielded somewhat different estimates of home
range size and shape. Although MCP home range
estimates are sensitive to outliers. they require
few distributional assumptions (Ackerman et al.
1689). Likewise, many probabilistic models per-
form poorly unless sample sizes are larger than
those used to estimate scasonal use areas of deer
in this study (Worton t989). Given the trade-
offs between home range models. sample-size
constraints, and the need to simply identify an
objectively-determined sampling frame for habi-
tat questions I had framed. [ believe my use of
MCP estimates was a reasonable approach.

TABLE 4. Results of summer cover-type use analyses based
upon ranks of differences belween use and avail -
ability (Friedman 1937 [or high-elevation
ecogroup, radiocollared Klickitat Basin black-
lailed deer (n=8).

Meuan  Ranks Sums  Preference

Cover Type® Availubility {U-A)® Rank®

[.andscape Scale

Open / shrub 0.16 19.0 2
Open conifer 0.21 220 3.5
Closed conifer 0.20 17.0 1
Mature / Old growth 0.43 22,0 35
Patch scale
Open / shrub 0.14 230 3
Open conifer 0.20 240 4
Clesed coniler 0.19 14.0 1
Mature / Old growth 0.47 19.0 2

*Open / shreb = non-forested: open conifer = £ 396 canopy
closure (CC); closed conifer = 2 40% CC, < 9 in. dbh; mature
{ old growth = z 40% CC, > 9 in. dbh.

"Sum of ranks of differences in use and availubility percent-
ages for all radiocollared deer.

¢ Overall rank of preference || = most prelerred] [ranks de-
noted by shared superscript are significantly different, P <
0.10].

Rank testing methods for studying animal pref-
erence for habitats have many desirable features
{Alldredge and Ratti 1986). However, reducing
data to ranks reduces the resolution of some in-
formation available regarding animal use. These
methods also may obscure distinctive patterns of
certain individual animals. Tt was apparent in this
study that some deer had home ranges centered
on specific hubitat features such as a clearcut, a
shrub-field, or a riparian zone that did not always
emerge as important population-level habitat fea-
tures. The methods of Friedman (1937) and
Johnson (1980 are clearly designed to yield in-
ference that is weighted towards common patterns
among all animals as opposed to individuals.
Atthough it is interesting to note prominent indi-
vidual patterns. managers should emphasize the
maintenance of habitat conditions that are pre-
dictably used by most individuals. Thus, I rec-
ognize that the analytical approach T employed
may have obscured some habitat selection behav-
iors, However, I believe the methods were ap-
propriate for yielding insight into important popu-
lation-level patterns.

The rank testing methods I employed also pro-
duced a ranking of habitats from least to most
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preferred, even when differences between the
rankings were not statistically significant. Al-
though trends may be suggested in some non-sig-
nificant relationships, T attempted to clearly flag
those rank differences that were significant and
emphasize significant relationships in the results
and following discussion.

Winter Habitat Relationghips

In contrast with the background habitat mosaic
during winter, radiocollared deer appeared to se-
lect home ranges with more nonforested, oak, and
oak/pine fringe habitat. These cover types are
generally associated with lower elevation, xeric
environmeantal settings in the KRB. Deer also
selected winter home ranges with less mixed co-
niter habhitat than was locally available. Within
the general vicinity of the winter trapping area,
extensive mixed conifcr cover was typically as-
sociated with higher elevation uplands and cold
air sinks. Winter deer home ranges were, there-
fore, associated with cover types that predictably
received less snow, more radiant energy, and had
more open canopies. [n such settings, deer would
find energetically less demanding winter habitat
and more accessible forage. Acoms, a source of
energy and nutrients during critical winter months,
were also relatively easily obtained beneath oak
canopies.

Within winter home ranges. radiocollared deer
also demonstrated selection for oak, oak/pine, and
mixed coniler palches relative to nonforested
components, Although home ranges contained
less mixed coniler habitat than the background
mosaic, radiocollared deer appeared to selectively
use mixed coniter patches within their winter home
ranges. As previously noted, it seems likely that
the bulk of the mixed conifer cover type in the
vicinity of the winter concentration area was as-
sociated with unfavorable wintering macrohabitat;
however, when conifer stands did occur close to
more preferred macrohabitats such as extensive
oak and oak/pine habitat, deer readily used mixed
conifer stands for cover.

During winter, oak-dominated habitat patches
appeared to provide preferred foraging settings
for deer. Forage within oak-dominated habitats
included acorns and sub-shrubs; during the se-
vere winter of 1992-93, deer were also noted for-
aging extensively on arboreal lichens that were
common in oak stands. High trapping success in
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oak-dominated stands relative to other cover types
also suggested habitats with a strong oak compo-
nent were preferred by wintering deer.

Suring and Vohs (1979) found that Columbian
white-tailed deer (O. virginianus leucurus) pre-
ferred habitat components providing substantial
cover and forage over components providing ei-
ther alone. Likewise, this intuitive preference of
deer for habitat structure meeting multiple eco-
logical needs was suggested by Loft and Menke
(1984) for wintering black-tailed deer in north-
ern California.  Coniferous forest ecotone habi-
tat in the KRB (i.e., cak and oak/pine habitat)
probably provided beth quality forage and cover
refative to open habitat components and exten-
sive closed-canopy mixed conifer stands, which
provided cither primarily forage or cover alone.

Summer Habitat Relationships

Mid-elevation, sumumer deer habitat on the Yakama
Reservalion is managed primarily using uneven-
aged silviculture, whereas on corporate timber-
lands in the KRB, a mix of even-aged and un-
even-aged management has historically been used.
This difference in management has led to sub-
stantial differences in the structure of post-log-
ging conifer stands. GIS analyses indicated that
deer summering on tribal land had a greater arca
of mature and old-growth and small-diameter,
closed-canopy conifer habitat available in both
background and home range habitat mosaics rela-
tive to deer summering on private land. Open-
canopy conifer habitat and clearcuts were more
abundant on managed private lands than on tribal
lands.

Mid-elevation deer summering on tribally
managed lands used non-forested and open-canopy
conifer habitat less than expected in the absence
of selection at the home range and habitat patch
scale. On an uneven-aged, managed landscape,
such habitats were typically associated with xe-
ric site conditions or stands that were harvested
heavily during previous entries. Although open-
canopy habitat is often generalized as being for-
age-producing habitat with considerable value 1o
wild ungulates, radiocollared, mid-elevation, res-
ervation deer displayed litlle selection for open-
canopy or nonforested habitat. Although black-
tailed deer have been generalized as an ccotone
species (Witmer et al. 1983), empirical data have
been variously supportive of (Hanley 1983) and




contrary 1o (Kirchholf et al. 1983) this hypoth-
esis, depending on climatic and other environ-
mental features of study areas. In my study, the
usc of aerial diurnal point locations may have
undersampled deer involved in major crepuscu-
lar foraging bouts. However, my approach of using
a 3.14 ha habitat use plot centered on the point
relocations did not detect any widespread affin-
ity for openings or open-canopy stands among
radiocollared deer. Ttis likely, however, that smaller
openings were inadequately mapped, and GIS-
based analyses may have subsequently underes-
timated use of these smaller openings by
radiocollared deer.

Radiocollared deer preferentially used mature
and old-growth habitat at a landscape scale re-
gardless of whether they summered on reserva-
tion or corporate timberlands, On corporate land,
mature/old-growth was ranked as the second most-
preferred habitat at o patch scale, although it was
significantly preferred only over young, closed-
canopy stands. Mature and old-growth forest
habitat has been shown to provide preferred sum-
mer habitat for black-tailed deer, despite the gen-
eralization that mature, closed-canopy forests
provide little ungulate forage (Kirchhoff et al. 1983,
Loft et al. 1984, Hanley et al. 1989). Parker and
Robbins (1984) experimentally determined an
upper critical environmental temperature of 25
C* for summering mule deer. Older, closed-canopy
forest stands in the Klickitat may have provided
an energetically favorable thermal environment
for summering deer during the warm, dry sum-
mers characteristic of the castern slopes of the
Cascade Range.

Apparent preference for open-canopy conifer
stands on corporate timberlands attests to the adapt-
ability of black-tailed deer, a generalist herbivore.,
During this study, logging occurred in the home
ranges of a few radiocollared deer, and previously
logged habitat occurred in several deer home
ranges. In general, active logging temporarily
displaced deer to parts of their home range be-
yond the logging disturbance. To my knowledge,
no deer abandoned a home range already docu-
mented by radiotelemetry because of logging.
Becuause home range fidelity was strong, it ap-
peared deer coped with habitat change mediated
by logging.

Site fidelity among deer, especially females,
complicates the interpretation of management-

induced change on habitat quality. For example,
it 1s difficult 1o determine whether a deer with
logged habitat in their home range sclected the
home range because of, or in spite of, manage-
ment-induced features, because their fidelity to a
female home rangc tradition is so strong
(McCorquodale, in press). Deer with home ranges
perturbed by management may have had matri-
lineal fidelity to the site before the habitat alter-
ation. Ultimately, habitat value should be defined
not simply by preference behavior, but by the in-
fluence of habitat on individual fitness. Longer
term data on survival and reproductive success
for deer with known home range traditions and
experimentally-controtled habitat change would
be required to rigorously test hypotheses of this
nature. Neither this nor any previously published
study has yielded such hypothesis testing.

Management Implications

The seasonal habitat mosaic for KRB deer includes
limited public land, unlike the scenario for many
western big game populations. During summer,
KRB deer primarily depend on habitat provided
by the Yakama Indian Reservation and corporate
timberlands. Winter range. a limiting factor for
many western big game populations, is predomi-
nantly provided by state and private land in the
KRB.

Because Klickitat deer, a resource owned col-
lectively by both the tribal and nontribal public,
depend heavily on privately-owned and managed
land, long-term habitat conservation is an impor-
tant concern for managers. Historically, manag-
ers of public wildlife resources have had greater
control over habitat management on public lands
than on private lands. Likewise, federal environ-
mental laws applicable 1o federal public lands otten
have more limited applicability on private lands.

In the last several decades, considerable low
elevation deer habitat has been converted to agri-
cultural and rural development. During this study,
new home building continued within the winter
study area. Continued habitat conversion or de-
velopment in the lower KRB can only further re-
duce the winter carrying capacity of this area and
increase the relative impact of periodically se-
vere winters on deer survival (McCorquodale, in
press). Similarly, decades of fire suppression in
the lower Klickitat has led to encroachment of
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ponderosa pine into areas once dominated by nearly
pure oak stands. Winter habital maintenance and
enhancement should remain a high priority for
Klickitat deer managers, Given the importance
of privately-owned deer winter range, coopera-
tive agreements providing an incentive for large
landowners to conserve winter deer habiat val-
ues may be required to achieve long-term habitat
conservation objectives.

Hubitat use by Klickitat deer suggested con-
siderable affinity for older forest stands on sum-
mer range. Thus, retention of some older, mid-
elevation forest stands across the landscape in the
more Xeric portions of black-tailed deer range
should also be a management priority. Winter
habitats with a strong oak component appeared
to have substantial value 1o deer in this region as
cvidenced by predictable preference among a large
sample of radiocollared deer. Oak/pine ecotone
habitals may require manipulations such as pre-
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