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Abstract

Wi studied habitat selection by Roosevelt elk (Cervues elephus roosevelti} in a temperate rain forest in the lower Queels River Valley
of the western Olympic Peninsula, Washington from June 1986-June 1987, Elk annuoal home ranges included predominantly uu-
logged forests protected within Olvmpic Mational Park and logged, regenerating forests adjacent to the park. Radio-collared clk
selected valley floors during all seasons except winter, when elk frequently used an adjoining platean 60 m above the Mloodplain.
In winter, radio-collared elk selected 6-15 vear-old clearcuts, which were available on the plateau. Elk selected mature deciduous
forests of the valley floor during spring. summer. and sutumn. and generally they selected old-age Sitka spruce forests during au-
tlumu and winler. Young clearculs (1-5 vears old) and even-aged. regenerating stands (16-150 vears old) generally were avoided
during all scasons. Managemenl practices thal relain preferred habilats of elk, such as deciduous forests, 6-15 yr-old coniferous
stands, and old-age coniferous bottomland forests will benelit elk, pa
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stands. Silvicultural alternatives to typical even-aged stand management, such as uneven-aged management and commereial \hin-

ning. should also be considered for improving and maintaining interspersion of lorage and cover.

Introduction

Logging has aliered habitats of Roosevelt elk Cervus
elephus roosevelti throughout the Pacific Northwest.
Since the turn of the century, most low-clevation
old-age forests (> 150 years) within the range of
Roosevelt elk in Oregon and Washington have been
cut for wood products and converted 10 even-aged
stands harvested in 60-90 year cutting cvcles
(Juday 1977, Meslow et al. 1981} For example,
low elevation Douglas-fir (Pseudotsuga menziesii
forests greater than 200 years old cover about 10
percent of their original distribution (Franklin ez
al. 1981, Franklin and Spies 1984).

Extensive conversion of old-age forests to cven-
aged stands in shorl-lerm harvesl rotations may
have significant long-lerm eflects on elk popula-
tions. These effects include reduced availabiliry of
preferred elk habitats and forage (Harris et ol
1982, Witmer and deCalesta 1983, Schroer et al.
1988); reduced plant species richness and diver-
sity. particularly in pole-sized stands (Franklin and
Pechanee 1968, Alaback 1982); and increased
disturbance caused by roads (Witmer and
deCalesta 1985, Schroer 1987). Grealer under-
standing of elk habitat preferences relative to
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forest successional stages would be useful for long
range planning of forest harvesting in the Pacific
Northwest.

Previous studies of habitat use indicated that
old-age coniferous forests, deciduous lorests, and
some young age-classes of logged conilerous forests
are important habitats for Roosevell elk (Witmer
and deCalcesta 1983, Jenkins and Starkev 1984,
Schroer 1987, Brunt ez al. 1989). Those studies
however, did not include a broad array of succes-
sional ages of forest which permit an assessment
of all stages of forest succession, The purpose of
this study, therefore, was 1o delermine habitat use
patterns of Roosevell elk whose home ranges in-

cluded unlogged forests protected within Olympic
National Park {ONP) and a variety of successional
forests resulting Mrom logging adjoining the park.

Study Area

The study was conducted along 15 km of the lower
Queets River Valley in and adjacent 1o the Quects
Corridor of Olympic National Park. The corridor
is a strip of national park land (1-3 km-wide} that
extends along both sides of the Queets River for
approximatelv 20 km, from the interior core of
ONP west to the Quinault Indian Reservation.
The Queels corridor was added to ONP in 1945
1o prolect riparian communities and adjoining areas
on the broad floor of Queets River Valley.
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The principal landform in the study area is a
broad. glacial outwash plain that is predominant
along the southwestern edge of the Olympic Moun-
tain Range (Tabor 1975). The Queets River has cut
into this plain and created a 1.2.5 km wide valley
Moor. The valley floor is about 60 m in elevation
with at least 4 levels of alluvial terraces (Fonda
1974). Valley walls extend approximately 60 m
from either side of the vallev floor up ta the broad
glacial outwash terrace (plateau). A majority of the
valley floor and valley walls are within the ONP
Queets corridor, whereas the platcaus are within
Washington Department of Natural Resources

(DNR) and Olympic National Forest (ONF) lands.

Climate is maritime with mild, wet winters and
cool, dry summers. Annual rainfall averages ap-
proximately 300 cm, with the majority falling be-
tween October and May. Snowfall occurs infre-
quently and accumulation rarely exceeds 30 cm.
Abundant rainfall, moderale temperatures, and
coastal fog have created a temperate rain forest
ecosystem in the Queets Valley and the three other
major river drainages on the west side of the Olym-
pic Mountains (Franklin and Dyrness 1973). Win-
ter temperatures from 1 January-10 February,
1987 in foresied and nonforested habitats of the
plateau were not significantly different than those
on the valley floor.

Vegetation of the valley floor represents seral
stages of the Picea sitchensis vegetation zone
{Franklin and Dyrness 1973). which are associated
with the age of alluvial terraces, soil moisture, and
soil profile (Fonda 1974). Aective river channels
that receive frequent fluvial disturbance support
pionecr deciducus forests (<< 10 years old) domi-
nated by red alder (Alnus ribra) and willows (Se-
lix spp.}. The voungest alluvial terraces above the
active channcls support mature deciduous forests
(>10 years okd) dominated bv red alder, black
cottonwood (Populus frichocapea) and bigleaf ma-
ple {Acer macrophyllum). Mid-seral coniferous/
deciduous forests occur on mid-aged alluvial ter-
races and are dominated by spruce, black cotton-
wood (Populus tremuloides) and bigleaf maple (Acer
meacrophyllum) (Fonda 1974). Old-age coniferous
forests (>150 vears old), dominated by Sitka
spruce and western hemlock (Tsuga heterophylla),
occur commonly on the oldesl alluvial terraces of
the valley floor. Approximately 30 percent of ma-
ture forests was selectively logged between 1910
and 1945, The corridor now consists of dense,
coniferous forests (30-150 years old) comprised
predominantly of Sitka spruce and western hem-

24 Schroer, Jenkins, and Moorhead

fock, Vegetation of the valley floor also includes
35 abandoned homestead clearings that range in
size from 2 10 16 ha and are composed primarily
of non-native grasses,

Vegetation of the adjoining glacial plateau is
characteristic of the Tsuga heterophylla forest zone
of western Washington (Franklin and Dyrness
1973). Unharvested old-age stands of western
hemlock (> 150 years old) cover approximately
11 percent of their original distribution on the gla-
cial plateau. The remaining forests have been con-
verted 1o 1-150 year-old, even-aged foresis by
clear-cutting and planting of nursery secdlings, or
by wildfire. One to 15 year-old clearcuts are domi-
nated by non-native grasses and forbs, as well as
shrubs, including huckleberries and Rubus spp.,
and regenerating conifers. The majority of clear-cuts
were planted with Douglas-fir (Pseudotsuga men-
zlesii) or western hemlock seedlings, with some areas
containing dense stands of naturally seeded west-
ern hemlock. The percent cover of coniferous trees
in stands 16-30 years old is 100 percent, and the
coniferous cover in stands 31-150 years old is 94
percent (G. T.. Schroer, Nai, Park Serv., unpubl.
data},

No huming is allowed within ONP, but hunt-
ing for clk, deer, hear, and other species is per-
mitted on other federal, state, and private lands
adjacent 1o the park. Annual legal elk harvests from
the western Olympic Peninsula averaged 0.22 +
0.03 (SE} elk/km® from 1983 to 1987 (Houston
et al. 1990).

Methods

We placed radio-collars on 1-2 adult female elk
in 4 of 5 herds inhabiting the siudy area. Elk were
immobilized with mixtures of Carfentanil or M99
{ctorphine) and Rompun (xylazine). Movements of
adult females and calves within a herd are highly
inlerdependent on the Olympic Peninsula (Jenkins
and Starkey 1982, Schroer 1987); thercfore, loca-
tienal data from only 1 adult female in each of the
4 herds was used in the analysis.

The 4 herds monitored were referenced ac-
cording to regional features in each arca: Kelly (K),
Streater {S), Tacoma (T}, and Higley (H)}. The herd
sizes were approximately 30 (K); 45 (8); 70 (D)
and 35 (H). The elk were studied during 3 seasons;
summer (27 June-14 Seplember 1986); autumn
{15 Scptember-3 December 1986); winter {7 De-
cember 1986-15 February 1987); spring (25
February-19 May 1987); and calving (20 May-



20 June 1987). An adult female of the Streater
herd was not radio-collared until early summer;
therefore, it was not included in the summer data.

We relocated elk by first obtaining a general
location by using radio-telemetry and then by ap-
proaching to confirm a visual sighting or aural lo-
cation. Locations were not recorded if ellc were
disturbed prior 1o detection. Tn 7 percent of the
relocations, we used remote lrianguiation proce-
dures to locate elk from distances of 150-1,000
m. Average location errors derived from field tests
at those distances were 110 meters. All localions
were recorded according 1o 100 m coordinates of
the Universal Transverse Mercator System. Data
{rom remote triangulation were used in assessing
vegetalion selection patterns only if the error poly-
gon was completely within a single vegetation class.

Vegetation seleclion patierns were determined
by locating each elk once or twice daily on ran-
dom days and al random times between dawn and
dusk 3-5 days per week. To help ensure that loca-
tions from the same day were independent, sue-
cessive locations were separated by a minimam of
three hours. A minimum of threc hours was a suff-
cient period for the elk 1o change activily or vege-
tation class in greater than 30 percent of
conseculive locations within a day.

Individual patterns of vegetation selection were
examined by comparing proportional use of vege-
lation classes to proportional availabilities of vege-
tation classes within annual home ranges of
individual elk. Annual home ranges were
delineated using 100 percent contour intervals of
the harmonic mean utilization distribution (Dixon
and Chapman 1980) using the computer program
McPAAL (Stuwe and Blohawiak 1985}, Vegeta-
tion classes were mapped within heme ranges on
1:24,000 scale base maps using acrial photo-
graphs, DNR and ONF timber management maps,
orthophotographs, and ficld verification. Availabil-
ities of vegetation classes were measured using a
digital planimeter.

We tested null hypotheses that elk used vege-
tation classes in proportion to availability using Chi-
square tests and family confidence intervals based
on Bonferroni Z-stadstics (Neu ef al. 1974). A
vegetation class was considercd selected when
proportional use exceeded availability (family-level
P = (.05}, and was considered avoided when use
was less than availability. Statistical tests could not
be conducted when there was no documented use
of an available habitat type or topographic area,
although those types or areas were considered

avoided. Vegetation habitat use could not be
statistically determined for calving season due lo
the small sample size and large number {12) of

habitat tvpes (Koehler and Larntz 1980).

Results

Radio-collared elk selecied the valley floor during
all seasons except winter (Table 1). During win-
ter, elk generally used valley floor and plateau
regions in proporlion to availability.

During summer all radio-collared elk selected
mature deciduous forests (> 10 vears old, Table
1). Additionally, collared elk tended to select
coniferous/deciduous forests and old homestead
fields, although those trends were significant for
only one of three collared elk. All collared elk
avoided 31-150 year-old conifer stands on the val-
ley floor, and also 1-5 and 16-150 year-old coni-
fer stands on the plateau. Old-age {> 150 years
old) Sitka spruce foresls on the valley floor were
used in proportion to availability, but old-age wesi-
ern hemlock forests on the plalean were avoided
during summer.

Each of the radio-collared elk continucd 1o se-
lect malure deciduous forests {> 10 years old)
throughout autumn {Table 1). Additionally, 3 of
4 etk selected conifer/deciduous and old-age
spruce lorests on the valley floor. All seral stages
available to clk on the platcau werc generally
avoided during autumn.

During winter, all radio-collared clk selected
6-15 year-old conifer stands on the plateau (Table
1). Tncreased use of 6-15 vear-old stands cor-
responded with decreased use of mature decidu-
ous forests (> 10 vears old) and conilerideciduous
forests on the valley floor. Two of four elk con-
tinued to select old-age spruce foresis on the val-
ley floor during winter. Elk tended to avoid 1-5
and 16-150 year-old coniferous slands on the val-
ley plateau, and they generally used old-age west-
ern hemlock forests in proportion to availability,

During spring, elk use of 6-15 year-old forests
diminished while use of mature deciduous forests
(> 10 vears old), conifer/deciduous forests, and
old homestead fields increased an the valley floor
(Table 1). Elk used old-age spruce forests on the
valley floor in proportion to availability during
spring, and avoided 1-5 and 16-150 year-old
conifers on the plateau.

Although selection patterns could not be evalu-
ated statistically during the shorl calving season.
use of conifer/deciduous forests on the valley floor
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and 16-30 vear-old conifer stands on the plateau
apipeared 1o increase during calving (Table 1). Use
of old-homestead fields and old-age spruce forests
remained high during calving, whereas use of ma-
ture deciduous forests (3> 10 vears old} deercased.
Use of 1-5 year-old, 16-150 vear-old. and old-age
conifer stands on the plateau remained low dur-
Ing calving.

Discussion

Vallev bottoms and riparian areas along the Queets
River were key habitats selected by elk year
around. Mature deciduous forests and coniterous/
deciduocus stands appeared to be important forag-
ing areas of elk during all seasons except winler.
In general, deciduous forests contain abundani for-
age [or elk in comparison to coniferous forests of
similar ages (Franklin and Pechenac 1968). Ma-
twre deciduous forests in our study area contained
> 95 percent ground cover (G, L. Schroer, Nat,
Park Serv. unpubl. data) of important elk forages
in the region (Leslie 1982). Research of other elk
populations in western Washingion and Oregon
and Vancouver Island. B.C. also documented elk
selection of deciduous forests and riparian areas
{Brunt et ¢l. 1989, Cooper 1988, Schroer 1987,
Jenking and Starkey 1984, Witmer and deCalesta
1983).

Even-aged coniferous stands less than 150
years old recetved litile use by elk, excepl during
winler, when 6-15 year-old clearcuts were selected
by all elk. Stands that were 6-15 vears old con-
tained the most abundant forage (78% ground
cover) of any even-aged coniferous stands less than
150 vears old (G. L. Schroer, Nat. Park Serv. un-
publ. data), which might have contributed 1o their
sclection. Coniferous stands approximately 10-25
vears old in southeast Alaska also had the grealest
abundance of forage cover of all seral stages (Ala-
back 1982). The habitat benefits of 6-13 year-aold
coniferous stands, however, are shori-lived. Only
10-15 percent of a 60-90 vear cutting cycle would
include that age class. Succession of young conifer-
ous stands to pole-sized and mature stands reduces
forage quantily, and typically those stands persist
for approximately 75 vears (83%) of a 90-vear cut-
ting eyele.

The majority of radio-collared elk selected old-
age spruce (orests on the valley floor during au-
tumn and winter, and generally avoided old-age
western hemlock forests on the plaleau except dur-
ing winter. Reasons for the diserepancy among
sclection of these old-age habitat types are not clear

from our data. but undoubtedly they stem from
differences in landscape patterns and forage
productivity in the two physiographic zones, Prox-
imity of old-age Sitka spruce forests to preferred
deciduous forests in the vallev Mloor may have en-
hanced use of those conifer stands in bottomlands.
Additionally, although we did not attempt to meas-
ure differences in forage abundance among old-
age forest associations in the Queets Valley, cover
of preferred forages of elk differed appreciably
among climax forest associations in the nearby Hoh
Valley (Smith and Hendcrson 1985). Other habi-
tat benefits attributed 10 old-age forests include:
snow interception and associated energetic bencfits
during winter (Jones 1974, Hareslad et al. 1982,
Parker et al. 1984. Zahn 1983); greater nutritional
quality of browse (Happe et al. 1990), and abun-
dant forage (Alaback 1982). Additional research
clearly is needed to determine influences of site
quality, forage production, and forest structural
characteristics on elk habital attributes and selee-
tion among old-age forest associalions.

Management Implications

Conversion of old-age coniferous forests in many
areas of the Pacific Northwest has created cxten-
sive even-aged stands less than 90 vears old that
are avoided by elk. Timber management projec-
tions indicate that by the vear 2030, more than
65 percent of the total area ol commercial forest
lands in western Washington and Oregon will be
between the ages of 30 and 90 vears old (Harris
1984), and old-age coniferous forests will cover
less than 10 percent of their original area (Frank-
lin et al. 1981, Harris 1984).

The increasing prevalence of 16-90 year-old
cven-aged stands poses a significant problem for
management of some elk ranges in the Pacific
Northwesl. Extensive even-aged coniferous forests
generally do not contain the interspersion of for-
age and cover areas recommended by elk man-
agers {Witmer et al. 1985). Wc¢ recommend that
comprehensive management plans be developed
on a watershed or sub-walershed basis, including
state, private, and federal lands, to cnsure long
term availability of preferred elk habitats within the
managed forest.

Forest management in valley floor and ripar-
ian areas should be conducted in a manner that
protects and enhances preflerred vegetation
habitats, cspecially mature deciduous lorests which
are key habitats for elk during most seasons. Old-
age coniferous bottomland forests should also be
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protected on critical autumn and winter ranges.
Where old-age forests cannot be retained or re-
established, uneven-aged managernent with lengthy
cutting rotations of over 150 vears may he required
to recreale a faverable interspersion of cover and
forage.

Many additional silvicultural practices such as
non-commercial and commercial thinning, shelier-
wood cuts and small patch-cuts (i.e., 1-5 acres)
have also been proposed as means of improving
habitat interspersion and forage production in
second-growth, even-aged forests (Bunnell and
Fastman 1976, Hall ez al. 1985, Witmer et al.
1985}). Precommercial thinning, however, is typi-
cally not effective in improving forage availability
for elk. because resulling slash depths often inhibit
understory production and elk movements {Garri-
son and Smith 1974, Bunnell and Eastman 1976).
Additionally, precommereial thinning of younger
stands typically opens overstory canopies and in-
creases forage cover for only relatively short
periods {i.e., 5-10 years) dependmg on the number
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