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Seasonal movements, home ranges, core areas and habitat use

patterns of hunted, migratory Roosevelt elk (Cervus elaphus

roosevelti) were investigated on the Olympic Peninsula, Washington.

Radio telemetry was used to obtain more than 3,100 locations of 9 elk

from May 1984 March 1985, and November December, 1985.

Radio-collared elk were in 2 herds that migrated approximately

32 km, and 1500 m in elevation, between winter ranges at sea level to

summer ranges at timberline. Migratory routes primarily were in

riparian areas on narrow valley floors. Home ranges were largest



during late autumn (5 = 43.1 square km) and smallest during summer

(5 = 5.9 square km). Minimum daily movements of elk followed a

similar seasonal pattern and were largest during late autumn (5 =

1119 m) and smallest during summer (7 = 602 m).

Core areas in summer and rutting seasons occurred in subalpine

parklands among precipitous, rocky ridges. Core areas during winter

and calving seasons were primarily on the valley floors and lower

portions of valley walls, areas that also have the greatest degree of

human development.

Elk used areas less than 300 m from residences and paved roads

in winter core areas primarily at night. In addition, distances of

elk from paved roads and residences were significantly greater during

day-time hours, which was also the period with the greatest amount of

motor vehicle traffic.

In summer and rutting seasons, elk selected subalpine parkland

habitats, and used coniferous forests in proportions less than

expected on the basis of availability. In winter, deciduous and

deciduous/coniferous forests were used in greater proportions than

expected, whereas coniferous forests ( < 150 yr) were used less than

expected. Most elk selected slopes less than 24 percent during the

summer, rutting and winter seasons.
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SEASONAL MOVEMENTS AND DISTRIBUTION OF MIGRATORY

ROOSEVELT ELK IN THE OLYMPIC MOUNTAINS, WASHINGTON

I. INTRODUCTION

Populations of Roosevelt elk (Cervus elaphus roosevelti) occur

in the Pacific Northwest region west of the Cascade Mountain Range

summit, from northern California to northern Vancouver Island,

British Columbia (Bryant and Maser 1982). An introduced population

exists on Afognak Island, Alaska (Troyer 1960), and some herds

inhabit the eastern side of the Cascade Mountain Range in Oregon

(Oregon Wildlife Commision 1974).

Most Roosevelt elk do not exhibit migratory patterns, perhaps

due to a lack of physiographical diversity available to them (Skovlin

1982). Elevations sufficent to develop timberline communities are

especially limited within the range of Roosevelt elk. However,

extensive subalpine meadow-forest communities occur in the Olympic

Mountains, northern Cascade Range and the highest volcanic peaks in

western Washington and Oregon (Franklin and Dyrness 1973).

A major population of Roosevelt elk, the largest in Washington,

exists on the Olympic Peninsula (Parsons 1977, Kuttel 1975). The

population includes both resident and migratory elk, with the

greatest concentration in drainages on the western slopes of the
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Olympic Mountains (Schwartz 1939). Fewer herds of smaller size

occur in 4 of the 5 major river drainages on the eastern side of the

Olympic mountains (Schwartz 1939).

Most summer ranges of migratory elk on the Peninsula are within

Olympic National Park (Schwartz 1939). Elk migrating from the Park

utilize low elevation winter ranges, many of which are managed for

timber harvest. Winter ranges in the Duckabush and Dosewallips

River drainages, on the east slope of the Olympic Mountains, also

contain numerous residential areas, dispersed rural residences and

roads.

Habitat modifications, such as urbanization, forest management,

and roads cause adverse impacts on elk populations (Klemmedson 1967,

Leege 1984, Lyon 1982). Habitat modifications on winter ranges can

be especially harmful to elk populations due to biological and

physical constraints faced by elk during winter weather (Thomas et

al. 1976). Inclement winter weather increases metabolic

requirements of elk (Moen 1973) and restricts movements to small

areas (Lyon and Ward 1982).

A description of seasonal home ranges and migratory pathways is

a necessary first step in assessing the potential impacts of

developments on the Duckabush and Dosewallips winter ranges.

Furthermore, identification of habitats available to elk and the

relative preference and avoidance of those habitats will permit an

assessment of the current and future impacts of habitat

modification.
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However, assessment of the impacts of habitat modification is

only one step in determining the influence of development on wildlife

populations. The effects of disturbance on behavior are also

important. Consequences of disturbance may include avoidance of

previously used habitats or development of nocturnal habits (Geist

1971). Happe (1983) reported that black-tailed deer utilize areas

of human activity primarily during the night, and Witmer (1981) found

that Roosevelt elk avoided paved roads during daylight hours.

The distribution and movements of non-migratory Roosevelt elk

have been studied in unmanaged forests of Olympic National Park

(Jenkins 1979), managed forests of the Oregon coast range (Witmer

1981, Harper 1971), and coastal forests and beaches of northwestern

California (Franklin et al. 1975, Harper et al. 1967, Lieb 1973,

Mandel and Kitchen 1979). However, few studies have been conducted

on migratory Roosevelt elk populations. Information on seasonal

movements and distribution is primarily limited to a study of elk

inhabiting managed forests on Vancouver Island, British Columbia

(Janz 1980, Youds et al. 1985).
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The goals of this research were: 1) to obtain baseline

information on the seasonal distribution, travel patterns and habitat

use of migratory elk in the Dosewallips and Duckabush River

drainages; and 2) to determine the influence of human developments

(roads and residences) and activities (motor vehicle traffic and

hunting) on the distribution of elk in the Dosewallips and Duckabush

River valleys. Specific objectives were to:

1) Determine the seasonal home ranges, core areas of use, and
movements of the Duckabush and Dosewallips elk;

2) Determine what habitats are available to the elk and the
relative preference or avoidance of those habitats; and

3) Determine the temporal and spatial distribution of elk in
relation to roads and residences, and distribution patterns
during hunting seasons.

The objectives were partially achieved by testing the following
hypotheses:

1) Home range sizes and minimum daily distances travelled
are not significantly different between seasons;

2) Elk select habitats randomly; and

3) Daytime distances of elk from roads and residences are
not significantly different from distances at night.
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II. STUDY AREA

This study was conducted in the Duckabush and Dosewallips River

drainages located on the east side of the Olympic Peninsula in

northwestern Washington (Figure 1). The drainages are similar in

topography, weather, biota, and land use patterns. The study area

extends from alpine environments in the Olympic Mountains,

approximately 32 km east to sea level at Hood Canal. The area

includes three distinct physiographic regions: lower valley,

mid-valley, and subalpine. These regions correspond with winter

ranges, migration corridors, and summer ranges, repectively.

Physiography

Topography throughout the study area is mountainous with steep

valley walls. Ridges 500-1200 m above the valley bottoms parallel

both rivers from the headwaters to sea level.

Elevations of the lower valley region extend from sea level to

ridge crests at 915 m. Topography consists of steep valley walls

and narrow (50-500 m), discontinuous valley floors. Estuaries exist

on the Duckabush and Dosewallips River alluvial fans, however,

coastal plains, such as those in the western and northern portions of

the peninsula, are not present in the study area.



A

1

PORT ANGELES

0 25 50 km

Figure 1. Location of the study area on the east slope of the
Olympic Mountain Range, Washington.
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The mid-valley region consists of nonglaciated, V-shaped valleys with

valley walls steeper than those of the lower valley region. Valley

floors are narrower (50-150 m) and less continuous than in the lower

valley.

The upper valley region is dominated by precipitous, rugged

alpine and subalpine mountainous terrain between 800-1800 m

elevation. Rocky peaks and ridges interspersed with cirques and

steep mountain slopes are the dominant features at higher elevations,

whereas V-shaped valleys with steep valley walls are characteristic

of the lower elevations.

Climate

Climate is maritime with dry summers and mild, wet winters.

The upper valley areas receive an average annual precipitation of 355

cm, whereas the lower valley area is more influenced by an orographic

rain shadow and receives an average of 150 cm annually (Henderson and

Peter 1983). Winter precipitation falls primarily as rain in the

lower valley region, as rain and snow in the mid-valley, and as snow

at higher elevations. Generally, the upper valley region is covered

with snow from November to June. Ephemeral patches of snow persist

in sheltered sites through August; a few cirques and north facing

slopes hold permanent snow fields. Winters in the lower valley

region are moderate with average monthly temperature well above

freezing (Table 1).



Table 1. Average temperature, precipitation and snow depth between October and
March during the study period and a 34 year reference period. Data were
obtained from Cushman Dam weather station (232 m elevation) which is 50 km
south of the study area in a physiographic region similar to the Duckabush
and Dosewallips elk winter ranges.

Mean Temperature (°F) Mean Precipitation (in) Mean Snow Depth (in)

Month 1931-1965 1984-1985 1931-1965 1984-1985 1931-1965 1984-1985

October 52.6 49.3 9.7 7.4 0.0 0.0
November 43.6 42.8 14.7 21.5 Ta 0.0
December 39.7 35.1 18.2 8.9 3.0 8.4
January 37.1 36.2 16.7 1.0 7.0 4.0
February 39.6 38.4 12.3 6.9 2.0 IDb
March 42.8 42.1 10.4 8.2 T 0.0

aTrace
bInsufficent data

00
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Vegetation

Vegetation within each physiographic region corresponds to

forest zones defined by Franklin and Dyrness (1973). A majority of

the lower valley region is within the Tsuga heterophylla forest zone,

whereas the mid-valley region is within the Abies amabilis forest

zone, and the subalpine region is characterized by the Tsuqa

mertensiana forest zone.

Lower valley region

The lower valley region consists of deciduous forests and

deciduous/coniferous forests on the valley floors and lower valley

walls, and coniferous forests at higher elevations. Most forest

stands are less than 150 years old due to extensive forest fires and

silvicultural management (Henderson and Peter 1983). Patches of

older forest occur in moist draws and high elevation areas. The

last large fires to burn through the lower valley zone occurred

during the 1920's when portions of the lower Dosewallips River valley

burned and a 9000 acre fire swept through the lower Duckabush River

valley (Henderson and Peter 1983).

Western hemlock (Tsuga heterophylla) and Douglas-fir

(Pseudotsuga menziesii) are the dominant coniferous trees on the

valley floors and lower valley walls. Common understory species are

salal (Gaultheria shallon), vine maple (Acer circinatum), blueberry

(Vaccinium spp.), swordfern (Polystichum munitum), vanilla leaf

(Achlys triphylla) and Oregon oxalis (Oxalis oregano).
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Coniferous forests at higher elevations are dominated by silver

fir (Abies amabilis). Common understory shrubs included salal, vine

maple, blueberry, and Oregon grape (Berberis nervosa). Common forbs

and ferns are Oregon oxalis, vanilla leaf, foam flower (Tiarella

trifoliata), western trillium (Trillium ovatum) and sword fern.

Deciduous forests of the lower valley zone consist primarily of

red alder (Alnus rubra). Bigleaf maple (Acer macrophyllum) and

black cottonwood (Populus trichocarpa) are additional common

deciduous species on the valley floors, whereas Pacific madrone

(Arbutus menziesii) occurs in xeric sites on the valley walls.

Common understory species of deciduous forests include devil's club

(Oplopanax horridum), salmonberry (Rubus spectabilis) vine maple,

sedges (Carex spp.), grasses, Oregon oxalis, and sword fern.

Seeded pastures and small natural meadows are scattered

throughout the lower valley zone. Orchard grass (Dactylis

qlomerata) is common in seeded pastures, whereas Poa spp., Aqrostis

spp. and Bromus spp. frequently occur in meadows. A 100 m wide

transmission line corridor bisects the lower valley zone and is

characterized by grasses, forbs and shrubs intermixed with patches of

red alder and Douglasfir.

Midvalley region

The midvalley region consists primarily of silver fir forests

interspersed with avalanche paths. Understory shrubs include

thinleaf blueberry (Vaccinium membranaceum), Cascade azalea
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(Rhododendron albiflorum), and vine maple, whereas Sitka alder (Alnus

sinuata) and Sitka mountain-ash (Sorbus sitchensis) are common in

the avalanche paths. Common forbs and and ferns are twisted stalk

(Streptopus amplexifolius), violets (Viola spp.), and mountain wood

fern (Dryopteris austriaca) on xeric sites, and Sitka valerian

(Valeriana sitchensis) and lady fern (Athyrium filix-femina) on mesic

sites. Small forest glades with abundant grasses and forbs are

located on the narrow, discontinuous valley floors.

Subalpine region

The subalpine region consists of extensive coniferous forests at

lower elevations, and a meadow-forest mosaic (parkland) interspersed

with bare or sparsely vegetated rocky ridges at high elevations.

Silver fir dominate the lower elevation forests within this zone,

whereas subalpine fir (Abies lasiocarpa), mountain hemlock (Tsuga

mertensiana) and Alaska yellow cedar (Chamaecyparis nootkaensis)

dominate the upper slopes. Sitka mountain-ash and Sitka alder occur

in open areas such as avalanche paths.

Subalpine meadows primarily consist of 4 communities: heath

shrub, dwarf sedge, tall sedge, and Valeriana forb (Kuramoto and

Bliss 1970). Soil conditions and snow melt patterns strongly

influence community distribution. Soil conditions vary from poorly

developed and well drained soils (xeric) to soils that are

well-developed with a greater moisture holding capacity (mesic).

Heath shrub communities generally are the most xeric of the 4
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communities, whereas the tall sedge and Valeriana forb communites are

typically the most mesic. Heath shrub communities are dominated by

mountain heather (Phyllodoce empetriformis), white mountain-heather

(Cassiope mertensiana), and Cascade blueberry (Vaccinium

deliciosum). Dwarf sedge communities are predominately Carex

nigricans. Showy sedge (Carex spectabilis) dominates the tall sedge

meadows, while common bistort (Polygonum bistortoides) and broadleaf

lupine (Lupinus latifolius) are also present. Important species of

the Valeriana forb meadows are Sitka valerian (Valeriana sitchensis)

and tall sedge. Other common species include broadleaf lupine,

paintbrush (Castilleja spp.) common bistort, and false hellebore

(Veratrum viride). In hydric sites, such as along streams, sedges

(Carex spp.) and rushes (Juncus spp.) are common in addition to

alpine willow-herb (Epilobium alpinum), Lewis's monkey flower

(Mimulus lewisii), and elkslip marsh marigold (Caltha leptosepala).

Mammals

A variety of mammals inhabit the study area; the lower valley

region alone may support 44 species (Franklin et al. 1972).

Mammalian predators inhabiting all three physiographic zones include

cougar (Fells concolor), black bear (Ursus americanus), and coyote

(Canis latrans); bobcats (Lynx rufus) occur in the lower elevational

areas. In addition to elk, large mammalian herbivores include
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black-tailed deer (Odocoileus hemionus columbianus) and mountain

goats (Oreamnos americanus), which were introduced in the late 1920's

and occur primarily in the mid-valley and subalpine regions.

Land Use: Past and Present

Many agencies and individuals own and manage lands within the

study area. The subalpine region and approximately 50 percent of

the mid-valley region are within Olympic National Park (Figure 2).

The lower half of the mid-valley region and portions of the lower

valley region are within Olympic National Forest. The remaining

portion of the lower valley region is either private or State land.

Lower valley region

During the late 1800's and early 1900's settlement was sparse in

the lower Duckabush and Dosewallips River valleys, although many

bottomland forests were converted to pastures and farm lands.

Between 1953 and 1981 residential and road development increased

substantially as determined from 1:24,000 scale United States

Geological Survey topographic maps. The number of residences

increased from approximately 56 in 1953 to 249 in 1981, and the road

mileage increased from approximately 53 km in 1953 to 81 km in 1981.

Timber harvesting, primarily by clearcutting, has occurred on

approximately 40 percent of the National Forest land and
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Figure 2. National Park and National Forest boundaries
in the study area.
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approximately 80 percent of the privately owned land within the lower

valley zone. Most clearcuts are 20 to 60 acres in size, although

some clearcuts of 150 to 200 acres occur on private land. In

addition, a 100 m wide transmission-line corridor was cut through the

lower valley forests in the 1960's and is maintained in early seral

stages primarily by application of herbicides.

The most recent timber harvests took place during the winter of

1983-1984 and the following spring with the clearcutting of

approximately 120 ha on private land in the Duckabush River valley

and salvage logging (removal of standing dead trees) on approximately

60 ha of National Forest Service land in the Dosewallips River valley.

Hunting of small and large wild mammals, including elk, occurs

annually on private, National Forest, and State lands in the lower

and mid-valley regions. Legal elk hunting during the study was

limited to the use of modern firearms for taking bulls only; hunting

seasons were November 7-18, 1984, and November 6-18, 1985.

Mid valley and subalpine regions

Land use in the mid-valley and subalpine regions is primarily

limited to summer recreational camping, hiking and climbing. A road

used for access to National Park trails is located in the lower

portion of the Dosewallips mid-valley region, whereas the Duckabush

mid-valley region is roadless. Timber has not been harvested by

clearcutting in the Dosewallips mid-valley region during the past 40

years, however, salvage logging occurred on approximately 20 ha

during the 1984 elk calving season.
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III. METHODS

Field Methods

Capturing and Collaring

Elk were found in two main herds: the Duckabush valley herd which

numbered 80 elk, and the Dosewallips valley herd which totaled 47

elk. Telonics radio-transmitter collars were placed on 9

immobilized elk: 4 mature cows and 1 juvenile bull of the Duckabush

herd, and 2 mature cows, 1 juvenile bull and 1 mature bull of the

Dosewallips herd. The elk were captured during February-April 1984

by immobilization with 24 to 26 mg of powdered succinylcholine

chloride. The drug was administered using pre-loaded Pneu darts

(Liscinsky et al. 1969) fired from a powder charged Cap-chur rifle.

Radio Telemetry Procedures

Radio-collared elk were relocated from 1 May, 1984 - 15 March,

1985 and 7 November 15 December, 1985 using aerial and ground radio

tracking procedures and direct observations. Cessna aircraft with

two-element antennas mounted on the wing struts were used to locate

elk during the spring migration. Grid and circular flight patterns

were conducted to obtain locations to within 0.5 square km. Ground

telemetry was conducted from landscape features that provided clear

signal reception and were discernible on a topographic base map. At
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each telemetry station, the direction of the strongest radio signal

was determined using an AVM receiver and a two-element hand-held yagi

antenna. At least three azimuths were used to determine the

location of an elk. All azimuths were collected within a 20 minute

interval to minimize the time during which elk could change

locations.

Differences commonly exist between azimuths of true transmitter

locations and locations estimated with radio telemetry. Therefore,

accuracy of ground telemetry procedures were evaluated in 27 trials

on radio transmitters placed at specific distances from a receiver.

Error polygons were calculated from the azimuth errors (Heezen and

Tester 1967, Springer 1979) and used to create a grid scale for

recording elk locations. In nonforested areas and landscapes with

minor topographic relief telemetry was accurate to 110 square m from

distances less than 0.9 km. In forested areas and landscapes with

major topographic relief, telemetry was accurate to 110 square m from

distances up to 0.7 km. Based on the results of these tests, most

telemetry was conducted within 0.9 km of the elk. All locations

were recorded as 100 m coordinates using the Universal Transverse

Mercator system.
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Sampling Schedule

Elk with radio collars were relocated during the following

seasons:

Late autumn
Winter
Calving
Spring migration
Summer
Rutting
Autumn migration

7 November -

1 January -

1 May -

20 May -

25 July
1 September -
5 October

15 December, 1984, 1985
7 March, 1985

15 June, 1984
25 July, 1984

1 September, 1984
5 October, 1984
7 November, 1984

During winter, summer, and rutting seasons, 4 to 8 locations were

collected every other day and occasionally every third day. In

winter, a location of each radio-collared elk was obtained at random

times during 4 six-hour periods (0001-0600; 0601-1200; 1201-1800;

1801-2400); the minimum sampling interval was 2 hours. Each elk was

located only once during the night because night-time vehicle traffic

often disturbed elk behavior. Nocturnal monitoring could not be

carried out during the summer and rutting seasons, thus locations

were collected every 2 hours between sunrise and sunset. During the

calving and late autumn seasons locations were obtained once every

other day, and during spring and autumn migrations, locations were

obtained an average of once every 5 days.
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Analytical Methods

Late autumn home range sizes, minimum daily distances travelled,

and core area sizes were averaged from the 1984 and 1985 seasons.

Results for all other seasons were derived from one season of

study. Locations of the mature bull were not included in

statistical comparisons because mature bulls (older than 2 years) are

normally independent of herd behavior (Harper 1971, Geist 1982).

Unless stated otherwise, all statistical differences were considered

significant when P < 0.05.

Home ranges and movements

Home range is commonly defined as the "area traversed by the

individual in its normal activities of food gathering, mating, and

caring for young" (Burt 1943). Burt reported that extreme locations

caused by use of areas not part of the normal activity area should

not be used in defining home range. Further, Hayne (1949) reported

that home range limits could not be drawn without an understanding of

the intensity of use within the area. In this study, home range

boundaries were used to outline general areas available to elk during

a particular season.

Many theoretical techniques have been developed to calculate home

range boundaries (Ford and Krumme 1979; Hayne 1949; Jennrich and

Turner 1969; Mohr 1947; Schoener 1981; Van Winkle 1975). Three
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methods often used are convex polygon (Hayne 1949), bivariate normal

probability ellipse (Jennrich and Turner 1969), and utilization

distribution contours (Samuel et al. 1983). The convex polygon and

elliptical home range models have been evaluated by Anderson (1982)

and Van Winkle (1975). Dixon and Chapman (1980) and Samuel et al.

(1983) have reviewed the utilization distribution contour technique.

The minimum convex polygon method was selected for use in this

study because large portions of area unavailable to elk (Hood Canal)

were included in non-circular and utilization contour home range

boundaries, whereas minimum convex polygon boundaries included only

minor amounts of such areas.

Home ranges were delineated using a subset of relocations in an

attempt to achieve independence between successive locations. In

this study, independence of sampling periods was not determined

statistically, rather locations obtained at a minimum of 12 hour

intervals were assumed to be independent.

Boundaries of home ranges and core areas can be influenced by

extreme locations (Samuel et al. 1983, 1985). Extreme locations, in

this analysis, were identified using a statistical confidence

interval test that determined significant changes in the relative

density of locations (Samuel et al. 1983). All extreme locations

that were part of a migration were not incorporated into home range

and core area analyses.

Minimum daily distances travelled were determined by dividing the

linear distance between consecutive locations with the number of 24
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hour periods during which the travelling occurred. Locations used

for determining minimum daily distance travelled were the same as

those used to delineate home ranges and core areas. Daily distances

travelled were not calculated for migratory seasons, however, timing

of migratory movements was documented.

A oneway analysis of variance and the Fisher's least significant

difference test (Number Cruncher Statistical Systems 1984) were used

to test the hypotheses that home range sizes and average minimum

daily distances travelled were not significantly different among

seasons.

Core Areas

Core areas have been defined as areas used more frequently than

other areas in the home range and which probably contain homesites,

refuges, and most dependable food sources (Kaufmann 1962, Samuel et

al. 1985). The distribution of use, in this study, was calculated

using harmonic mean distances between elk locations and points of a

grid system. Each grid square was assigned a utilization

distribution (U0) value based on the harmonic mean of that square.

Core areas were outlined using 50 percent utilization distribution

contours calculated and plotted with the computer program HOME RANGE

(Samuel et al. 1983).

Locations used to determine core areas met the following

assumptions of the utilization contour technique: 1) locations were

representative of the amount of time an animal spent in a given area;
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and 2) successive locations were independent (Samuel et al. 1983).

Locations were considered to be independent if taken more than 12

hours apart.

Habitat Use

Habitat use was determined using 2 methods that provide different

levels of resolution. In the first method, the most general,

habitat proportions within seasonal core areas were identified and

compared to proportions of habitats available to the elk. Habitat

compositions of core areas were also compared among seasons.

Secondly, habitat selection during winter, summer and rutting

seasons was also determined from randomly selected elk locations.

The percentage of locations in habitats were statistically compared

to the percentage of habitats available to the elk.

Areas available to elk for each season were defined as those

enclosed by the composite seasonal home range plus a buffer strip.

Composite seasonal home ranges were calculated from the combined

locations of all radiocollared elk in each herd. The buffer strip

width was the mean minimum daily distance travelled for all radio

collared elk in a herd.

Habitats were classified according to vegetation, elevation,

slope, and aspect. Vegetation units were outlined on 1975 color

aerial photos and converted to a 1:24,000 scale base map by using

orthophotographs, field reconnaissance, and a zoom transfer scope.

Vegetation habitat units were classified according to major
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differences in structure and cover characteristics. Vegetation

units of the summer and rutting season home ranges were classified

into 10 categories (Table 2), and the late autumn, winter, and

calving season home range vegetation was classified into 9 units

(Table 3). Elevations were classifiedaccording to 122 m intervals

for lower valley ranges and 144 m intervals for subalpine ranges.

Slopes were catergorized into classes of 12 percent each, and aspects

were the 8 primary compass points. An additional category of

"valley floor" was used to estimate the amount of valley floor areas

without aspect.

Proportions of vegetation, elevation, slope, and aspect classes

within core areas and areas of availability were estimated from

computer generated random points placed on topographic and habitat

maps. The random points were produced with the Statistical

Interactive Program System (Rowe and Brenne 1982). The following

guidelines were used to determine the number of random points used to

estimate habitats: 1) there was at least one point in each landscape

unit; and 2) no more than 20 percent of all categories contained less

than five points (Neu et al. 1974; Dixon and Massey 1969:238).

The hypothesis that elk select habitats randomly was tested using

the methods of Neu et al. (1974) and Marcum and Loftsgaarden

(1980). Simultaneous 95% confidence intervals were developed for

percentages of habitat use. The null hypothesis was rejected if the

confidence interval did not include the percentage of available

habitat. Habitats were considered selected, and preferred, if use
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Table 2. Characteristics of vegetation units on summer and
rutting ranges in the subalpine region of the Duckabush
and Dosewallips River drainages.

Vegetation Unit Unit Characteristics

Coniferous forest Greater than 85 percent of the area
is covered by coniferous forest.

Meadow

Meadow minor/coniferous trees

Meadow major/coniferous trees

Greater than 90 percent of an area
(greater than 400 m square) is
covered by meadow communities.

Greater than 50 percent of the area
is covered by coniferous trees and
more than 15 percent is covered by
meadow.

Greater than 50 percent of the area
is covered by meadow, and more than
15 percent is covered by coniferous
trees.

Shrub Greater than 85 percent of the area
is covered by shrubs.

Rock/barren Greater than 85 percent of the area
is rock or barren soil.

Snow Greater than 95 percent of the area
is covered by snow during August,
1985

Lake

Rock or barren/coniferous trees More than 15 percent of a rock or
barren area is covered by
coniferous trees.

Shrub/coniferous trees Mixture of shrubs and coniferous
trees each covering at least 35
percent of the unit but not more
than 65 percent of the unit.
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Table 3. Characteristics of vegetation units on late autumn,
winter and calving ranges in the lower valley region of
the Duckabush and Dosewallips River drainages.

Vegetation Unit Unit Characteristics

Deciduous forest Greater than 90 percent of the unit
is covered by deciduous trees.

Coniferous forest Greater than 90 percent of the unit
is covered with coniferous trees.

Deciduous/Coniferous forest A mixture of coniferous and deciduous
trees each type covering at least 35
percent of the unit but not more than
65 percent of the unit.

River/Gravel bar The Dosewallips and Duckabush Rivers
including gravel bars.

Grassland

Residential

Young clearcut

Old clearcut

Selectively cut

Greater than 90 percent of the unit
is covered by grasses, sedges and
forbes.

Within 100 m of residences.
Residences included permanent homes
or recreational mobile homes
inhabited more than 50 percent of the
days during the study period.

Clearcut within the past 10 years.

Clearcut within the past 10 30
years.

Selectively harvested within the past
30 years.
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was significantly greater than expected, and habitats were considered

to be avoided if the proportion of use was significantly less than

expected. Statistical tests could not be conducted when there was

no use of an available habitat, although those cases were considered

to represent avoidance.

Influences of Human Disturbance

More than 95 percent of the residences and paved roads in the

winter home ranges were located on the valley floors and lower slopes

of the valley walls (within 250 ft elevation of valley floors).

Distances of elk from residences and paved roads during winter were

analyzed to determine if elk avoided areas of human activity, and to

determine if that avoidance was related to time of day. Analysis

was limited to elk use in and near core areas in order to determine

the influence of developments on elk distribution in areas of

concentrated elk use.

Paved roads were the major access routes to the valleys and

residential areas, hence they received the majority of motor vehicle

traffic. Motor vehicle traffic on paved roads primarily occurred

between 0630-1900 (average of 6 vehicles per hour). Less traffic

(average of 2 vehicles per hour) occurred between 0500-0630 and

1900-2200, with minimal traffic (average of 0.3 vehicles per hour)

between 2200-0500. Unpaved roads in and near core areas were

primarily drive-ways and short residential access roads. They were
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not included in the analysis because of difficulty in determining

levels of use. Residences were defined as homes inhabited more than

50 percent of the days during the study period.

Statistical comparisons between night and day distances from

roads were based on paired night and day locations collected during

12-hour periods. Pairs of points were selected if either the night

or day location was within a winter core area. A three-way analysis

of variance was used to test the null hypothesis that there were no

significant (P < 0.01) differences between night and day distances of

elk from paved roads and residences. The effects of sampling

interval and distances of radio-collared elk within each herd were

analyzed simultaneously.
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IV. RESULTS AND DISCUSSION

Herd Composition

Composition counts of the Duckabush and Dosewallips herds were

conducted during August and September 1984. The Duckabush herd

consisted of 80 elk with 11 mature bulls, 41 cows and 21 calves.

The Dosewallips herd totaled 47 elk, with 5 mature bulls, 27 cows and

10 calves. These counts are total numbers of elk in each of the

herds studied, although other herds were present in the headwaters of

the drainages during the summer. A migratory population that

winters in the Quinault drainage, on the west slope of the Olympic

Mountains, utilized areas in the headwaters of the Duckabush drainage

approximately 6 kms from the Duckabush herd summer range.

Furthermore, a migratory herd that winters in the Cameron or Elwha

drainages, on the northern slope of the Olympic Mountains, utilized

the headwaters of the Dosewallips drainage about 11 kms from the

Dosewallips herd summer range.

The Dosewallips and Duckabush herds had relatively high

recruitment rates, with calf:cow ratios of 37 and 51 percent

respectively. During rutting seasons in 1984 and 1986, non-hunted

herds in western and northern regions of the Park had an average

calf:cow ratio of 32 percent (Houston per. comm.), and during

1977-1979, non-hunted herds in the northwestern region of the Park
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had an average ratio of 38 percent (Smith 1980). Hunted herds

throughout the Peninsula, however, had an average calf:cow ratio of

46 percent during 1977-1979 (Smith 1980). The relatively high ratio

of the Duckabush herd may be partially the result of hunting

harvest. Population harvest can result in younger age classes,

lower elk density, and improved range condition.

Severe weather during some winters and hunting harvest are the

primary factors causing mortality in these herds (Taber and Raedeke

1980). Severe winter weather, particularly during 1964-1965 and

1968-1969, has reduced the population size by as much as 30 percent

(Taber and Raedeke 1980). Annual hunting harvest, however, has been

the primary factor governing population size during more recent

years. One of the objectives of regulated hunting in the study area

is to control damage inflicted on human property, such as

agricultural crops, fences, and residential landscaping. The

Washington Department of Game attempts to alleviate such damage with

regular hunting season permits and periodically issuing permits for

special damage control hunts for either sex elk (Ragon per. comm.

1986).

River drainages on the east-slope of the Olympic Mountains

apparently never supported large numbers of elk like the west-side

drainages, possibly due to less precipitation (Taber and Raedeke

1980) and less riparian bottom-land. In 1938, 1939, and 1953,

estimates of the Duckabush herd were 100, 75, and 100, and the



30

Dosewallips herd was estimated to be 150, 80, and 50, respectively

(Schwartz 1939, Springer 1939, Newman 1953). Based on these general

estimates, the elk populations appear to have remained relatively

stable during the past 35 years.

Radio Telemetry Accuracy

More than 3,100 locations of radio-collared elk were obtained

during 12 months of field studies (Table 4). Locations were

initially obtained from nine elk, although during the November, 1984,

hunting season the 2 juvenile bulls were killed, and in January,

1985, a cow died, apparently the result of a compound fracture in a

lower leg.

During the study, 92 percent of the azimuths in nonforested areas

were obtained from points within 0.9 kms of the plotted elk location,

and 87 percent of the azimuths in forested areas were obtained from

points within 0.7 km of the plotted elk location.

The accuracy of radio telemetry was checked with direct

observations of all radio-collared elk at random times once every two

weeks. Locations obtained using radio telemetry were within 100

meters of the location of the radio-collared elk 94 percent of the

time.
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Table 4. Number of relocations, period of monitoring, age and sex of
radiocollared elk of the Dosewallips and Duckabush River
drainages.

Elk no.
Approx.
Age Sex

Period
monitored

Number of
relocations

Dosewallips Herd

5 3.0+ F 5/84-3/85,10/85-12/85 370
9 3.0+ F 5/84-3/85,10/85-12/85 346
12 1.0 M 5/84-11/84 254
Mature
bull 5.0+ M 5/84-3/85 103

Duckabush Herd

1 3.0+ F 5/84-12/84 346
6 5.0+ F 5/84-3/85,10/85-12/85 465

7 3.0+ F 5/84-3/85,10/85-12/85 464
8 2.0 M 5/84-3/85 305

11 3.0+ F 5/84-3/85,10/85-12/85 469

Total 3122
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Seasonal Distribution

Migratory Movements

During spring and autumn, elk of the Duckabush and Dosewallips

herds migrated approximately 32 km between the lower valley and

subalpine regions. Before the onset of spring migration most

radio-collared elk inhabited home ranges in the lower valley

region. The exceptions were 2 radio-collared Dosewallips elk

(5 and 9) which were within a transitional home range, at snow line,

midway between the summer and winter ranges.

The movement to the transitional range during the last week of

April may have been provoked by efforts to capture and collar elk.

During the 3 month capture operation the 2 elk were in a subgroup of

approximately 6 elk, probably a matriarchal group, in the lower

valley region. Within 5 days after elk number 5 was immobilized and

collared, the group moved approximately 12 kms to the transitional

home range. This movement could have been an avoidance reaction to

disturbances created during the capturing and collaring operation,

however, other radio-collared elk did not exhibit similar

movements.

Disturbance is only one factor that may influence timing of

spring migrations. Parturition could also play an important role.

For example, the transitional range may be used each year during May

and June as a calving area. Further study of elk movements and

distribution in the transitional ranges could clarify the importance

of those areas for calving.
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Migration from the lower valley region began during late May for

the mature and the 2-year old radio-collared bulls, whereas the cows

and the yearling bull began migrating in mid to late June (Table

5). Migratory elk move to higher elevations as snow packs diminish

and new, succulent forage becomes available (Compton 1975, Ward

1973). However, the timing of progress differs within a population,

particularly between bulls and cows. Mature bulls migrate earlier

than cows (Boyd 1970, Altmann 1956, Peek and Lovass 1968), and

migrating bulls of the Jackson Hole, Wyoming, elk population were

often found at snowline when the cows were at lower elevations

(Anderson 1958).

The discrepancy between the timing of cow and mature bull

migrations in the Dosewallips and Duckabush River drainages appeared

to be partially due to parturition requirements. The calving period

for the Duckabush and Dosewallips herds was approximately May 10-June

10, which is similar to calving periods of other populations (Harper

1971, Skovlin 1982). The cows did not begin migration from the

lower valley region until June 13, and some migrated as late as July

10. The variability and lateness of departure dates may have been

due to the inability of calves to travel long distances. This is

supported by Harper's (1971) contention that Roosevelt elk calves in

the Oregon Coast Range were not prepared to traverse long distances

until 3-4 weeks after birth.

Additionally, cow elk of the Gallatin River drainage, Montana

remained on low elevation ranges until after parturition even though
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Table 5. Approximate timing of spring and autumn migrations by
radio-collared elk of the Dosewallips and Duckabush River
drainages, Washington.

Elk number
and sex

Start of
spring mig.

End of
spring miq.

Start of
autumn miq.

End of
autumn mig.

Dosewallips

5 (F) May 3a July 21 Oct. 4 Nov. 5

9 (F) May 3a July 21 Oct. 4 Nov. 5

12 (M) July 10 July 21 Oct. 4 Nov. 5

Mature bull May 23 b b Dec. 12

Duckabush

1 (F) July 5 July 20 Oct 5 Oct. 6

6 (F) June 24 July 24 Oct 5 Oct. 6

7 (F) June 13 July 24 Oct. 5 Oct. 6

8 (M) May 20 July 24 Oct. 5 Oct. 6

11 (F) June 11 July 21 Oct. 5 Oct. 6

aMigrated to transitional home range
bInsufficent data
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at the same time forage at higher elevations was more nutritous

(Brazda 1953). Brazda suggested that parturition was more important

in governing upward movement of cows than plant development.

Furthermore, Altmann (1956) found that gestating cows delayed further

migration once parturition began and remained in a transitional home

range until the calves were strong enough to migrate.

During the spring migration most radio-collared elk travelled

separately. Only 2 radio-collared elk of the Duckabush herd were

found travelling together. Furthermore, elk of the 2 Dosewallips

subgroups did not begin migrating together until approximately

mid-way between the winter and summer ranges. Radio-collared cows

and immature bulls of both herds arrived on the summer ranges during

the last week of July, a time when most south-facing subalpine

meadows were free of snow.

During spring migration, elk concentrated in early seral

communities, primarily deciduous forests, deciduous/coniferous

forests and small glades (0.5-2 ha) on the narrow valley bottoms.

The elk were also located on the steep valley walls in avalanche

paths dominated by shrubs.

All elk began autumn migration during 4-6 October, coinciding

with the first major storm of autumn. Snow had not accumulated on

the rutting range when migration began, although intense rain

(0.5-1.5 in/day) and strong, gusty winds began on October 2nd and

continued after elk left the ranges for the valley bottoms.

Approximately 30 days were spent in autumn migration, 15
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days less than the average spring migration. Below average

temperatures and periods of intense rainfall during the period of

autumn migration may have influenced the rate of travel to lower

elevations.

During autumn migration, the radio-collared mature bull was not

located along the route utilized by the cow/calf group, and was not

found on the winter range until late December. During autumn

migration the mature bull was probably at high elevations in the

mid-valley region.

During 1984, cows and juvenile bulls of both herds arrived on

winter ranges during the first week of November, 1-2 days before

hunting season. In 1985, the Dosewallips elk completed migration to

the winter range on November 6th, yet at the same time, the Duckabush

elk were still migrating at a location mid-way between summer and

winter ranges (at the National Park boundary). Most Duckabush elk

remained within 3 km on either side of the Park boundary throughout

the hunting season.

Daily Movements and Home Ranges

Average daily movements differed significantly among seasons.

Daily movements were greatest during the late autumn season and

smallest during summer and rutting seasons (Table 6).

Distances travelled by resident elk in the Oregon Coast Range

(Harper 1971) during late autumn (1200 m) and summer (500 m) were

similar to distances travelled by elk in this study, although they



Table 6. Seasonal minimum daily distances travelled (m) by radio-collared elk in the Dosewallips and

Duckabush herds.

Season

Dosewallips elk

Mature Herda

bull mean 1

Duckabush elk

11

Herda

mean

Totala,b

mean5 9 12 6 7 8

Late Aut. 1179 1150 - - 1165 1116 1151 --- 1001 1089 1119 (A)

Winterc 897 883 314 890 656 655 --- 685 665 155 (A, B)

Calving 99 2161 822 614 1027 888 781 933 898 555 811 892 (A, B)

Summer 551 588 580 573 629 587 587 629 664 619 602 (B)

Ruttingc 416 315 403 -- 378 626 626 626 923 923 745 607 (B)

aMeans do not include distances of mature bull.

bSimilar capital letters represent no significant difference among total means of home range size

(Fischer's least significant difference test, P < 0.05).

cHerd means of home range size are significantly different within the season (F test, P < 0.05).
CA)
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were substantially larger (1200 m) during winter and calving

seasons. Daily movements of Rocky Mountain elk on the west slope of

the Cascade Range (Shoen 1977) during summer and rutting seasons were

twice as large (1000 1200 m) as was found for elk of this study,

although daily movements during June (900 m) were similar to those of

the Duckabush and Dosewallips elk during calving season. Daily

movements of resident Roosevelt elk in the Hoh Valley of the Olympic

Mountain Range (Jenkins 1979) were similar to distances of the

Duckabush and Dosewallips elk during winter, yet the Hoh Valley elk

had larger summer distances (840 m). Regional variation in habitats

may account for this wide variation of daily distances travelled.

Extreme movements of the Duckabush and Dosewallips elk during

late autumn and calving seasons resulted in large daily movements.

During calving season, one of 2 radio-collared Dosewallips elk in the

transitional home range travelled approximately 11 km down valley

where it joined the other subgroup of the Dosewallips herd.

Approximately 12 days later the elk returned to the transitional home

range.

Elk may move from transitional ranges to lower elevations during

spring to utilize new herbacous growth (Dalke et al. 1965, Skinner

1925). Limited forage availability in the transitional range may

have influenced the reverse migration observed in this study.

Habitats in the transitional home range were primarily deciduous and

deciduous/coniferous forests and were limited to narrow (150 m)

valley floors. Forage was less abundant in habitats surrounding the
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home range which primarily consisted of coniferous forests on steep

valley walls and continous snow pack up-valley from the home range.

Home range sizes, like daily movements, differed among seasons.

Home ranges were larger during late autumn and winter, than during

rutting and summer (Table 7). In addition, home ranges for each

herd closely overlapped during winter and calving seasons, as well as

during the summer and rutting seasons (Figures 3-5).

Home ranges of the late autumn, winter and calving seasons were

substantially larger than those of the summer and rutting seasons.

A similar trend was reported for summer and winter seasons for

migratory Roosevelt elk on Vancouver Island, British Columbia (Youds

et al. 1985).

Home range size may be an indicator of the quality and

distribution of habitats available to animals (Harestad and Bunnell

1979); animals with the greatest interspersion of required food,

cover, and other needs generally have the smallest home ranges

(Dasmann and Taber 1956, Hines 1973). The large difference between

home range sizes in the lower valley region as compared with those of

the subalpine region may be due to differences in forage abundance.

The lush herbaceous vegetation in mesic meadows of the subalpine

parklands may provide a higher concentration of forage than found in

the ranges of the lower valley region.

In addition, quality of forage varies seasonally, and is

generally lowest during the autumn and winter months (Nelson and

Leege 1982), particularly for herbaceous species which have greatly



Table 1. Size of home ranges and core areas (square km) of radio-collared elk in the Dosewallips and Duckabush herds.

Season 5

Dosewallips Elk

Mature

bull

Herda

mean 1

Duckabush Elk

8 11

Herda

mean

Totala.b

mean9 12 6 7

late Aut.

Home ranges 30.4 29.3 29.9 43.3 46.4 66.0 51.9 43.1 (A)
Core area 3.9 3.6 3.8 2.0 3.4 5.6 3.7 3.7

Winter

Home ranges 21.0 21.0 5.6 21.0 16.6 16.8 16.6 16.6 18.4 (B)
Core area 5.0 4.9 2.2 5.0 4.3 4.4 4.4 4.4 4.6

Calving

Home range 2.7 2.8 10.5 1.2 5.3 32.3 19.7 21.9 3.7 3.0 16.1 15.2 (B, C)
Core area 0.5 0.3 4.2 0.1 1.6 6.1 6.9 4.3 1.6 1.3 4.0 4.1

Summer

Home ranges 3.7 3.6 3.5 3.6 8.4 6.3 6.3 6.3 9.4 1.3 5.9 (C)
Core area 0.8 1.1 1.0 1.0 3.7 1.4 1.3 1.3 1.3 1.8 1.5

Rutting

Home ranges 4.6 3.9 4.1 4.2 8.1 8.1 8.1 14.0 14.0 10.5 8.1 (C)
Core area 1.2 1.1 1.2 1.2 1.3 1.3 1.3 2.5 3.4 2.0 1.7

aMeans do not include areas of mature bull.

bSimilar capital letters represent no significant difference among total means of home range size (Fischer's least
significant difference test, P < 0.05).

cHerd means of have range size were significantly different within the season (F test, P < 0.05).
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Figure 3. Composite home ranges for radio-collared elk of the
Duckabush herd during late autumn, winter, and calving
seasons.
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Figure 4. Composite home ranges for radio-collared elk of
the Dosewallips (A) and Duckabush (B) herds
during the summer and rutting seasons.
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Figure 5. Composite home ranges for radiocollared elk of the
Dosewallips herd during the late autumn, winter, and
calving seasons.
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reduced digestible protein, carotene and phosphorous contents (Cook

1971). Even though basal metabolic rate of ungulates is lowest in

winter (Moen 1973), lower forage quality may force elk to forage over

large areas in order to meet metabolic demands.

Human disturbance is another factor which may influence the

distances elk travel and the size of their home ranges.

Disturbances can cause elk to inhabit areas not previously utilized

or prompt elk to avoid areas that are normally preferred (Geist 1982,

Skovlin 1982). In the study area, human disturbance was greatest in

home ranges of the lower valley region, perhaps another reason for

the large home ranges and daily distances travelled in that region.

Motor vehicle traffic, hunting, and unleashed dogs are a few factors

that affected elk behavior and distribution.

Hunting pressure appeared to be a primary cause for the large

home ranges and daily distances travelled of the Duckabush and

Dosewallips elk during the late autumn season. This was especially

evident during the first two days of the 1984 and 1985 hunting

seasons when elk travelled long distances (Ti= 7 km/day). After the

first four days of hunting, movements of most elk decreased and began

to resemble average daily distances of winter and calving seasons.

The decrease in daily movements may have been a response to

habitation of security areas where hunting pressure was minimal or

nonexistent. Some of these security areas were in landscapes not

used during winter or calving seasons, such as high elevation ridge

crests. A similar response has been observed in Rocky Mountain elk

(Irwin and Peek 1979).
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Human activity in home ranges of the subalpine region was

primarily limited to hikers using established trails. Approximately

2.5 km of trails existed in each of the Dosewallips and Duckabush

subalpine home ranges, and hikers periodically camped at 1-2 sites

along each of those trails. Throughout the summer and rutting

seasons the Duckabush elk typically avoided areas frequented by

humans, although on 7 occasions the elk were observed fleeing from

humans. Those disturbances occurred when people were closer than

150 m, and the resulting flight distances varied from 0.3 km to 0.6

km, with an average distance of 0.4 km.

Extreme movements during the late autumn and calving seasons

created substantial variation in home range size. During the first

three weeks of the 1985 late autumn season the Duckabush herd was

migrating to the winter range. This migratory movement created a

home range larger than the home range of the 1984 late autumn season

when the elk were not migrating. During calving season, the

transitional home range of the 2 Dosewallips elk was approximately 30

percent less than that of the third radio-collared Dosewallips elk,

which was in the lower valley region. That difference in home range

size is partially due to the differences of group size: the subgroup

within the transitional range consisted of approximately 6 elk,

whereas the subgroup in the lower valley region totaled about 35.

Few locations were obtained of the radio-collared mature bull

during the summer, rutting, and late autumn seasons; therefore home

range information was limited. In summer, the mature bull, with at
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least 2 other bulls, occupied a tributary drainage of the Dosewallips

River approximately 10 km from the Dosewallips cow/calf group.

During early September, the mature bull joined the Dosewallips

cow/calf group and was periodically observed with that group

throughout the remaining part of rutting season.

Core Areas

The seasonal trend of mean core area size resembled the seasonal

trend of mean home range size: average core area was largest in home

ranges of the lower valley region and smallest in home ranges of the

subalpine region (Table 7). The mean core area size, like home

range size, may provide an indication of the quality and abundance of

forage, cover, and other habitat needs. The smaller core area of

each elk in the subalpine home ranges may be due to a greater

concentration of preferred environmental conditions than found in the

lower valley region.

The dispersion of preferred habitats may also be generally

inferred from the number of core areas of each elk. The Duckabush

elk had more core areas during summer (2-4) and rutting (2-5) than

during winter (1) and calving (1) seasons (Table 8, Figures 6-7).

The large number of core areas in the subalpine ranges appeared to be

due to the numerous rocky, barren ridges separating preferred

habitats. In contrast, elk of the Dosewallips herd had only 1 core

area during the summer and 2 during the rutting season, similar in
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number to the winter and calving seasons (Figures 8-9). Two

factors may be responsible for the differences between the number of

Duckabush and Dosewallips subalpine region core areas. First, the

subalpine ranges of the Dosewallips herd contained fewer dominant

rocky ridges than the Duckabush ranges, and second, the Dosewallips

herd was smaller than the Duckabush herd. Both factors would

provide more continuous forage supply for the Dosewallips herd.

In general, the number of core areas for each elk was greatest

during late autumn and rutting seasons (Table 8) and may be a

reflection of higher rates of movements during those periods. The

wariness of elk during hunting season and the weeks following hunting

may have kept elk from occupying areas for long periods of time,

hence distributing use to more areas. A general decline of forage

digestibility and nutrition during September and October may also

have been a factor for higher rates of movement and more core areas

during the rutting season. Furthermore, the formation of two harems

within each herd during the rut also influenced distribution of

radio-collared elk.

Habitat Use

Winter. Core areas of radio-collared elk during winter were

primarily in deciduous and coniferous forests on gentle slopes of

valley floors and lower valley walls (Tables 9-10). Elk selected

young seral communities of deciduous and deciduous/coniferous forests
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Table 8. Number of core areas for radio-collared elk of the
Dosewallips and Duckabush River drainages, Washington.

Elk number
a

Late Autumn Winter

Season

Summer RuttingCalving

Dosewallips
5 4 3 1 1 3

9 4 3 1 1 2

12 3 1 1 2

Mature bull 1 1

Duckabush
1 1 2 4 4

6 3 1 1 4 4

7 4 1 1 3 4

8 1 1 3 4

11 3 1 1 2 4

aAveraged from 1984 and 1985 seasons.
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Figure 6. Distribution of Duckabush elk core areas in areas
of availability during late autumn (A), winter
(B), and calving (C) seasons. Numbers represent core
areas of individual elk.
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Figure 7. Distribution of Duckabush elk core areas within areas of
availability during summer (A) and rutting (B)
seasons. Numbers represent core areas of individual
elk.
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Figure 8. Distribution of Dosewallips elk core areas within areas
of availability during late autumn (A), winter (B), and
calving (C) seasons. Numbers represent core areas of
individual elk.



_)
r

1

, a

A

B



52

Figure 9. Distribution of Dosewallips elk core areas within areas
of availability during summer (A) and rutting (B)
seasons. Numbers represent core areas of individual
elk.
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and utilized coniferous forests (less than 150 yr old) significantly

less than expected (Table 11). In addition, the Duckabush elk

selected residential areas which were primarily residential lawns and

mixed deciduous/coniferous forests.

Other studies of habitat use during winter also indicated the

importance of young seral communities to Roosevelt elk. In the

Oregon Coast Range, elk preferred deciduous stands during most

seasons of the year (Witmer and deCalesta 1983), and elk in the Hoh

Valley of the Olympic Peninsula selected deciduous forests and mixed

coniferous/deciduous forests (Jenkins and Starkey 1984). Migratory

elk of Vancouver Island, British Columbia selected deciduous forests

and mesic areas such as bogs (Janz 1980).

Early seral communities may be selected because of high levels of

forage biomass. In the Hoh Valley, young successional communities,

such as deciduous forests, generally have greater amounts of

herbaceous and shrub forage than mature coniferous forests (Leslie

1982). In western Oregon, 40-year old deciduous and

deciduous/coniferous forests had greater herbaceous and shrub cover

than in adjacent coniferous forests of similar age (Franklin and

Pechanec 1968).

A majority of the coniferous forests in the lower valley region

of the Duckabush and Dosewallips River drainages are between 30-150

yrs. old, and probably contain less shrub and herbaceous biomass than

younger seral communities. In Picea-Tsuga forests of southeastern

Alaska, understory biomass peaks at 15-25 years after logging, and
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becomes virtually nonexistent after crown closure at 25-35 years

(Alaback 1980). Understory shrubs and herbs of those stands

restablish after stand age reaches 140-160 yr (Alaback 1980).

Selection of areas with residential lawns was especially evident

in January and February when lawns had new herbaceous vegetation.

The affinity for residential lawns declined during March and was

insignificant during May and June, perhaps due to the abundance of

new spring growth throughout the range. In late February and early

March low elevation stream-sides developed new vegetation growth, and

elk were observed intensively feeding in these mesic-hydric sites.

Other studies have also shown that elk will intensively utilize areas

of new growth forage during late winter and early spring (Jenkins and

Starkey 1984, Hayden-Wing 1979, Janz 1980).

Although the Duckabush elk preferred young seral communities near

residential areas, use was temporally limited by human disturbance.

During winter, distances of elk from residences and paved roads were

significantly (p < 0.01) greater during the day (0600-1800) than

during the night (1800-0600) (Figure 10). In addition, the

Duckabush and Dosewallips elk utilized areas within 300 m of

residences and paved roads primarily during night, the period of

least human activity. Day-time motor vehicle traffic appeared to be

the primary factor responsible for the avoidance of areas adjacent to

roads and possibly a factor for the avoidance of areas near

residences. Many studies have also shown that hunted elk avoid

areas near roads (Ward 1976, Hayden-Wing 1979, Burbridge and Neff
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1976). In the Coast Range of Oregon, elk significantly avoided

areas within 250 m of paved roads (Witmer and deCalesta 1985). In

addition, elk in the Medicine Bow National Forest of Wyoming

preferred to be at least 800 m from people engaged in activities such

as hiking and fishing (Ward et al. 1973, Ward 1976).

The primary topographic features selected during the winter were

valley floors and lower valley walls below 122 m, and slopes less

than 12 percent (Table 12). High elevation valley walls above 245 m

elevation and slopes greater than 36 percent were significantly

avoided. This selection pattern is similar to that reported for elk

in the Hoh river drainage on the western side of the Olympic

Mountains (Jenkins 1979). However, the Hoh Valley elk selected

southerly aspects in winter, whereas Dosewallips elk significantly

avoided southerly exposures and selected northerly aspects.

Some populations of Rocky Mountain elk reportedly select southern

exposures in winter, possibly due to lower snow depths and warmer

temperatures (Dalke et al. 1969, Lovass et al. 1966, Ward et al.

1975). Elk movements do not appear to be restricted in snow depths

less than 46 cm (Leege and Hickey 1977), hence the relatively shallow

snow depths on winter ranges of the study area (Table 1) probably did

not influence aspect selection. Distribution of preferred

vegetation communities, however, appeared to be the primary factor

governing aspect selection. Southerly facing slopes in the

Dosewallips winter range were primarily mature coniferous forests,

whereas the northern exposures predominately consisted of preferred

habitats of deciduous and deciduous/coniferous forests.
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Table 9. Average composition (%) of vegetation habitat units in total area available to elk

(TM) and core areas (CA) during the late autumn, winter and calving seasons.

Vegetation unit Herd

Late Autumn Winter

%CA

Calving

IJAA %CA%TAA %CA STAA

Deciduous Dosewallips 8.7 8.0 5.4 12.4 5.6 31.6

forest Duckabush 1.4 16.1 4.6 17.6 3.2 13.5

Coniferous Dosewallips 54.9 40.5 64.6 17.1 68.8 33.6

forest Duckabush 63.4 39.5 45.9 24.0 65.2 26.7

Dec/Con Dosewallips 18.2 33.4 13.3 34.3 11.0 24.1

forest Duckabush 14.1 31.1 20.5 22.5 14.6 42.0

River/ Dosewallips 1.8 3.2 2.1 3.3 1.4 0.1

gravel bar Duckabush 1.1 0.6 2.8 3.8 1.5 2.2

Grassland Dosewallips 2.1 3.5 3.3 3.7 2.8 8.3

Duckabush 2.9 2.2 5.3 3.9 3.1 3.8

Residential Dosewallips 2.6 3.2 3.4 4.5 1.8 0.4

Duckabush 2.8 2.9 5.2 23.2 3.1 2.9

Young clear cut Dosewallips 6.3 12.1 5.2 21.0 1.5 2.5

Duckabush 3.1 4.6 7.8 0.4 4.7 3.4

Old clear cut Dosewallips 3.3 0.0 1.0 0.0

1.8Duckabush 1.1 3.0 2.8 0.4 0.2

Selective cut Dosewallips 2.1 0.0 1.1 3.7 1.1 0.7

Duckabush 2.3 0.0 5.2 3.9 2.8 5.3



Table 10. Average composition (%) of topographic habitat units in total area available to

elk (TM) and core areas (CA) during late autumn, winter and calving seasons.

Topographic

unit Herd

Late Autumn Winter

SCA

Calving

1.TAA SCA1.7M SCA TTAA

Elev. (m)

0-122 Dosewallips 22.5 20.1 25.8 58.3 20.3 42.5

Duckabush 18.5 19.4 29.2 94.2 21.6 67.0

123-244 Dosewallips 32.2 51.5 27.4 39.4 26.2 34.6

Duckabush 23.7 30.0 25.9 5.8 23.1 24.7

245-366 Dosewallips 16.5 19.5 16.7 2.3 11.9 22.1

Duckabush 28.5 31.9 14.8 0.0 18.6 8.3

366 Dosewallips 28.7 8.4 30.1 0.0 35.6 0.0

Duckabush 29.3 13.4 30.1 0.0 36.7 0.0

Slope (11)

0-12 Dosewallips 12.1 12.6 18.7 30.7 13.8 32.4

Duckabush 14.6 10.1 24.3 42.9 21.1 47.5

13-24 Dosewallips 19.4 36.0 19.9 36.2 17.9 24.3

Duckabush 25.3 30.6 38.3 50.6 31.2 47.7

25-36 Dosewallips 29.6 31.4 17.6 23.6 24.1 24.2

Duckabush 27.9 33.1 19.1 4.2 16.7 3.5

36 Dosewallips 38.9 20.0 45.8 9.5 44.2 19.1

Duckabush 32.3 26.2 18.3 2.3 30.4 1.3

Aspect

N Dosewallips 13.5 18.4 10.1 15.6 21.7 42.2

Duckabush 28.7 20.9 7.7 0.0 10.4 4.0

NE Dosewallips 24.4 75.6 20.7 43.1 42.1 23.9

Duckabush 24.9 48.1 25.7 19.7 22.5 16.5

E Dosewallips 9.1 0.0 2.8 7.4 3.3 0.0

Duckabush 10.5 3.9 12.3 10.4 9.8 2.1

SE Dosewallips 6.6 0.0 10.1 5.2 2.5 0.0

Duckabush 18.8 4.6 15.6 2.2 14.3 14.2

S Dosewallips 15.8 0.0 25.7 2.3 10.0 0.0

Duckabush 9.2 3.4 17.9 27.7 22.1 17.8

SW Dosewallips 17.9 0.0 24.6 7.9 9.6 0.0

Duckabush 6.0 9.7 7.2 15.5 7.7 20.8

W Dosewallips 0.6 . 1.2 0.4 0.0

0.0Duckabush 1.1 0.8 1.5 1.3 0.0

NW Dosewallips 2.4 1.3 2.1 2.3 3.3 3.0

Duckabush 1.8 2.4 0.8 0.0 3.1 0.0

Valley Floor Dosewallips 9.7 3.7 3.3 16.2 7.1 29.9

Duckabush 9.0 6.5 11.3 24.5 8.8 23.9
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Table 11. Utilization (1) of vegetation habitat units by the Dosewallips and Duckabush

elk during winter season. Percentages of use that are significantly greater or

less than percentages of availability are designated by (+) and (-), respectively.

Habitats that did not receive use are designated by (-*).

Vegetation unit

Dosewallips Herd

%IAA

Ouckabush Herd

11laAA
a

5 9 6 1

Deciduous forest 5.4 15.6 14.6 4.6 20.7 (+) 19.6 (+) 19.6 (0
Coniferous forest 64.6 25.0 (-) 24.0 (-) 45.9 20.7 (-) 10.7 (-) 18.5 (-)

Dec/Con forest 13.3 35.4 (+) 36.5 (+) 20.5 25.0 27.2 27.2
River/Gravel bar 2.1 1.0 1.0 2.8 0.0 (-*) 0.0 (-*) 0.0 (-*)

Grassland 3.3 9.4 9.4 5.3 4.3 5.4 4.3
Residential 3.4 1.0 8.3 5.2 21.1 (+) 20.1 (+) 22:3 (+)
Young clear cut 5.2 7.3 8.3 7.8 4.3 3.3 4.3
Old clear cut 1.0 0.0 (-*) 0.0 (-*) 2.8 1.1 0.0 (-*) 1.1

Selective cut 1.1 5.2 5.2 5.2 2.2 3.3 2.2

Number of locations 451 96 96 306 92 92 92

aTotal area available to elk
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Table 12. Percentage of use of topographic habitat units within the total area

available (TAA) to Dosewallips and Duckabush elk during winter season.

Percentages of use that are significantly greater or less than

percentages of availability are designated by (+) and (-), respectively.

Habitats that did not receive use are designtated by (-*).

IJAA
a

Dosewallips Herd

STAR

Duckabush Herd

115 9 6 7

Elev. m
0-122 25.8 51.0 (+) 51.0 (+) 29.2 94.6 (+) 93.4 (+) 94.6 (+)

123-244 21.4 37.5 37.5 25.9 5.4 (-) 6.6 (-) 5.4 (-)

245-366 16.7 6.3 (-) 6.3 (-) 14.8 0.0 (-*) 0.0 ( -*) 0.0 ( -*)

366 30.1 5.2 (-) 5.2 ( -) 30.1 0.0 (-*) 0.0 (-*) 0.0 ( -*)

Slope (1)

0-12 18.1 33.3 (+) 33.3 (+) 24.3 55.4 (+) 55.4 (+) 53.2 (+)

13-24 19.9 37.4 37.4 38.3 37.0 38.1 40.3

25-36 17.6 22.9 22.9 19.1 6.5 (-) 6.5 ( -) 6.5 (-)

36 45.8 6.4 (-) 6.4 (-) 18.3 1.1 (-) 0.0 (-*) 0.0 (-*)

Aspect

N 10.1 25.0 (+) 25.0 (+) 1.1 2.2 (-) 2.2 (-) 2.2 (-)

NE 20.7 46.9 (+) 46.3 (+) 25.7 20.8 19.5 18.4

E 2.8 10.4 (+) 10.2 (+) 12.3 1.1 (-) 1.1 (-) 1.1 (-)

SE 10.1 1.0 (-) 1.0 (-) 15.6 3.3 (-) 3.3 (-) 3.3 (-)

S 25.7 2.1 (-) 2.1 (-) 17.9 21.7 21.1 23.9

SW 24.6 3.1 (-) 3.1 (-) 1.2 7.6 10.9 9.8

W 1.5 1.1 0.0 (-) 1.1--------

Phi 2.7 2.1 2.1 0.8 0.0 (-*) 0.0 (-*) 0.0 (-*)

Val. floor 3.3 9.4 9.2 11.3 42.2 (+) 41.3 (+) 40.2 (+)

Number of loc. 457 96 96 306 92 92 92

aTotal area available to elk
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Figure 10. Average day (o ) and night (6 ) distances

(± 95% confidence intervals) of elk from the nearest

residences and paved roads in the Dosewallips and

Duckabush River drainages during winter.
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Calving season. Core areas during calving season were mainly

deciduous forests, deciduous/coniferous forests, and grasslands

(Table 9). The increased use of grasslands may have been due to

increased nutrition and availability of forage in those areas during

the spring. Gentle slopes (less than 12 percent) and elevations

less than 122 m were also used by elk substantially more than they

were available (Table 10). Core areas of Dosewallips elk contained

northerly aspects in proportions greater than available, and core

areas of both herds contained valley floor areas in proportions

greater than expected on the basis of availability. Similar habitat

preferences have been reported for other populations of Roosevelt

elk. In Oregon, elk selected deciduous forests on gentle, south or

southwest facing slopes (Witmer 1981) in addition to stream bottoms

and benches (Harper 1971).

Late Autumn. In late autumn, core areas of elk contained more

coniferous forests, higher elevations and steeper slopes than during

winter and calving seasons (Tables 9-10). During the first half of

the hunting seasons, elk of both herds were located in coniferous

forests at high elevations more than 2 km from roads, and in the

later part of hunting seasons elk began to utilize lower elevations

and areas with greater amounts of deciduous and deciduous/coniferous

forests. Disturbance caused by hunting pressure appeared to be a
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major reason for selection of high elevation coniferous forests

during the first part of hunting season. Other elk populations also

used remote areas with extensive cover during hunting seasons

(Altmann 1956, Irwin and Peek 1979, Knight 1970, Lieb 1981).

Summer. In summer, core areas consisted primarily of subalpine

parklands with a mosaic of meadows and patches of coniferous trees

(Table 13). Predominant topographic features were mid-elevations

of 1312-1510 m, slopes between 13-36 percent, and southwesterly and

easterly aspects (Table 14).

Locations indicated that all elk selected meadow major/coniferous

forest habitats (Table 15), whereas coniferous forests and other

areas without an abundance of meadows, such as sparsely vegetated

ridges, were significantly avoided.

The elk utilized most elevation classes in proportion to their

availability. Elevations below 1311 m, however, were significantly

avoided by Dosewallips elk, perhaps due to the small amount of

meadows below that elevation. All elk selected areas with gentle

slopes (less than 12 percent) and significantly avoided slopes

greater than 25 percent (Table 16). Other studies have indicated

that elk on summer ranges will utilize slopes less than 30 percent

more often than steeper slopes (Marcum 1975, Zahn 1974). Harper

(1971) reported that steepness of slope has little effect on elk
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Table 13. Average composition (%) of vegetation habitat units in total
area available to elk (TAA) and core areas (CA) during summer
and rutting seasons.

Vegetation Unit Herd %TAA

Summer Rutting

%CA %TAA %CA

Coniferous Dosewallips 27.2 7.8 31.4 31.7
forest Duckabush 23.6 9.4 30.7 14.6

Meadow Dosewallips 4.7 12.9 5.2 1.1
Duckabush 9.6 18.0 7.1 14.0

Meadow minor/ Dosewallips 13.7 11.3 10.6 32.7
Con forest Duckabush 17.7 40.1 18.4 35.2

Meadow major/ Dosewallips 16.0 35.5 12.1 15.2
Con forest Duckabush 17.8 28.0 18.8 26.5

Shrub Dosewallips 4.6 1.4 6.4 3.8
Duckabush 0.8 2.5 1.5 1.7

Rock/barren Dosewallips 14.8 0.1 14.9 3.3
Duckabush 9.4 0.2 8.7 1.7

Snow Dosewallips 3.2 4.0 3.5 2.8
Duckabush 6.3 0.1 5.0 1.3

Lake Dosewallips 0.7 0.0
Duckabush 1.1 0.0

Rock/coniferous Dosewallips 15.1 27.1 15.0 5.7
trees Duckabush 10.8 0.5 7.6 0.5

Shrub/coniferous Dosewallips 0.7 0.0 0.2 3.7
trees Duckabush 4.0 1.3 1.1 4.6
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Table 14. Average composition (%) of topographic habitat units in total

area available to elk (TAA) and core areas (CA) during summer

and rutting seasons.

Topographic

Unit Herd

Summer Rutting

STAR SCA%TAA %CA

/,lirin

792-1052 Dosewallips 4.6 0.0 6.2 0.0

Duckabush 0.6 6.6 7.5 15.5

1053-1311 Dosewallips 28.7 8.7 17.5 15.1

Duckabush 30.6 18.0 27.1 3.2

1312-1570 Dosewallips 37.9 45.1 47.4 60.5

Duckabush 46.2 67.5 44.2 80.6

1571-1829 Dosewallips 28.8 46.2 28.9 24.4

Duckabush 22.4 7.9 20.5 0.7

Slope (%)

0-12 Dosewallips 10.6 31.3 17.6 29.1

Duckabush 23.2 18.4 15.1 1.6

13-24 Dosewallips 21.2 62.1 50.5 52.3

Duckabush 25.2 33.2 32.5 89.8

25-36 Dosewallips 35.8 6.5 24.7 18.6

Duckabush 38.0 48.2 35.5 2.6

36 Dosewallips 26.4 0.0 7.2 0.0

Duckabush 13.6 0.8 16.1 0.0

Aspect

N Dosewallips 10.6 0.0 1.2 11.4

Duckabush 8.1 0.0 7.1 0.0

NE Dosewallips 12.1 14.7 22.7 40.3

Duckabush 14.2 19.1 12.1 0.1

E Dosewallips 15.2 0.0 9.3 3.0

Duckabush 4.0 25.6 8.2 0.0

SE Dosewallips 4.6 0.0 4.1 0.0

Duckabush 10.2 9.7 13.4 0.6

S Dosewallips

6.1 19.3 4.1Duckabush 36.6

SW Dosewallips 19.7 60.5 15.5 39.4

Duckabush 31.9 16.7 11.6 47.6

Dosewallips 19.7 24.8 18.5 0.0

Duckabush 12.9 0.0 14.2 7.0

NW Dosewallips 18.1 0.0 22.1 5.8

Duckabush 12.2 9.9 22.4 7.7



Table 15. Utilization (I) of vegetation habitat units by the Dosewallips and Duckabush elk during summer

season. Percentages of use that are significantly greater or less than percentages of availability

are designated by (+) and (-). respectively. Habitats that did not receive use are designated by (-*).

Vegetation unit %TMa

Dosewallips Herd

12 %TM 1

Duckabush Herd

8 115 9 6 1

Coniferous forest 21.2 10.9 (-) 9.8 (-) 9.5 (-) 23.6 13.8 (-) 13.8 (-) 13.8 (-) 13.1 (-) 13.6 (-)

Meadow 4.1 4.1 4.9 6.4 9.6 6.6 6.6 6.6 6.3 5.9
Con. forest/meadow minor 13.1 21.9 21.3 19.1 11.1 28.2 (+) 28.2 (+) 28.2 (+) 29.5 (+) 21.2 (+)

Con. forest/meadow major 16.0 56.3 (+) 59.1 (+) 60.2 (+) 11.8 42.6 (+) 42.6 (+) 42.6 (+) 41.6 (+) 37.5 (+)

Shrub 4.6 3.1 1.6 1.6 0.8 0.6 0.6 0.6 1.2 5.1
Rock/barren 14.8 0.0 (-*) 0.0 (-*) 0.0 (-*) 9.4 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*)
Snow 3.2 3.1 3.3 3.2 6.3 1.0 1.0 1.0 1.0 1.0
Lake

Rock/coniferous trees 15.1 0.0 (-*) 0.0 (-*) 0.0 (-*) 10.8 0.6 (-) 0.6 (-) 0.6 (-) 0.6 (-) 0.6 (-)
Shrub/coniferous trees 0.1 0.0 (-*) 0.0 (-*) 0.0 (-*) 4.0 6.6 6.6 6.6 6.8 6.8

Number of locations 86 64 61 63 147 181 179 119 116 169

aTotal area available to elk



Tible 16. Utilization of topographic habitat units by the Dosewallips and Duckabush elk during summer season.

Percentages of use that are significantly greater or less than percentages of availability are

designated by (+) and (-), respectively. Habitats that did not receive use are designated by (-*).

Dosewallips Herd Duckabush Herd

1IAA
a

5 9 12 ITM 1 6 1 8 I1

Elev. (m)

792-1052 4.6 0.0 (-*) 0.0 (-*) 0.0 (-) 0.6 2.2 2.2 2.2 2.2 2.3

1053-1311 28.7 8.2 (-) 9.8 (-) 8.2 (-) 30.6 36.4 36.3 36.3 35.1 33.1

1312-1570 31.9 47.5 47.5 46.1 46.2 46.4 46.9 46.9 46.0 53.2

1511-1829 28.8 44.3 42.6 45.0 22.4 14.9 14.5 14.5 15.9 13.0

Slope (1)

0-12 10.6 48.8 (+) 49.2 (+) 48.4 (+) 23.2 43.2 (+) 43.4 (+) 43.4 (+) 44.4 (+) 32.1

13-24 27.2 46.4 45.9 46.7 25.2 39.8 (+) 39.5 (+) 39.5 (+) 36.9 (+) 45.5 (+)

25-36 35.8 3.2 (-) 3.3 (-) 3.3 (-) 38.0 15.4 (-) 15.5 (-) 15.5 (-) 16.5 (-) 20.7 (-)

36 26.4 1.6 (-) 1.6 (-) 1.6 (-) 13.6 1.6 (-) 1.6 (-) 1.6 (-) 2.2 (-) 1.1 (-)

Aspect

N 10.6 3.3 3.3 3.3 8.1 6.6 6.6 6.6 6.8 0.5 (-)

NE 12.1 6.6 6.6 5.0 14.2 18.1 18.8 18.8 19.3 23.6 (+)

E 15.2 4.9 4.9 5.0 4.0 6.6 6.6 6.6 6.8 7.6

SE 4.6 0.0 (-*) 0.0 (-*) 0.0 (-a) 10.2 13.8 13.3 13.3 12.5 14.2

S 0.0 6.1 16.5 (+) 16.6 (+) 16.6 (+) 11.0 (+) 20.1 (+)

SW 19.1 65.6 (a) 65.6 (+) 68.3 (+) 31.9 26.5 26.6 26.6 26.1 21.8 (-)

W 19.1 11.5 11.5 11.1 12.9 1.6 (-) 1.6 (-) 1.6 (-) 1.7 (-) 2.3 (-)

NW 18.1 8.2 8.2 6.1 12.2 9.3 9.4 9.4 9.6 9.4

Number of loc. 86 64 61 63 141 181 119 119 176 169

aTotal area available to elk
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habitat use until it reaches 80 percent. In any case, slope can

affect elk behavior patterns through its influence on prevailing

microclimate, soil development and plant composition.

In general, soils of the subalpine region are poorly developed

(Kuramoto and Bliss 1970), and areas with gentle slopes tend to have

deeper soils, with more soil moisture than steeper slopes. Gentle

slopes of the subalpine parklands, such as cirque bottoms and valley

wall benches, typically contained mesic herbaceous meadows, primarily

tall sedge and Valeriana forb communities, interspersed with clusters

of coniferous trees. These habitats may be important to elk not

only because of the availability of cover and the high productivity

of herbaceous forage, but also because generally abundant soil

moisture may provide bedded elk with relief from high

temperatures.

Elk generally selected moist, cool sites during summer. Studies

of elk in generally warmer and drier climates of Montana and Idaho

indicated that Rocky Mountain elk selected forested areas during

summer days, and those forested areas were primarily associated with

moist sites (Hershey and Leege 1982) and areas where forage is more

succulent and nutritious (Holecheck et al. 1981). A study in Idaho

suggested elk seek dense thickets or patches of timber for shade

during hot summer days (Young and Robinette 1939). The elk of this

study typically did not seek forested areas during summer days, and

the Duckabush elk were often observed bedded in mesic parkland

meadows (forb and tall sedge communities) throughout summer days from
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mid-morning to late afternoon. Moist conditions of these meadows,

in addition to abundant, high quality forage, undoubtably influenced

the selection of those sites.

Insect harassment can also influence habitat use patterns in

summer. Between mid-morning to late afternoon throughout August,

the Duckabush and Dosewallips elk appeared to be affected by insects

as evidenced by the continual movement of heads, necks, and ears.

Elk of the Gallatin River drainage, Montana, often utilized high,

windy ridges during periods of major insect nuisance (Johnson 1951),

and forested areas have also been reported to provide some protection

from insect harassment (Collins and Urness 1982). Elk in this study

typically did not seek out high ridges or forested areas during the

summer, and elk of the Duckabush herd were often observed bedded in a

tight group either in parkland meadows or snowfields. This close

spacing could be a behavioral response that reduces insect

aggravation for 2 reasons: 1) bedding in tight groups may reduce

body exposure; and 2) defensive movements (flailing heads, necks and

ears) may benefit adjacent animals.

Rutting. During rutting season, as in summer, core areas of elk

consisted primarily of subalpine parklands (Tables 13-14). Habitat

selection, however, differed from that of summer. Duckabush elk

selected coniferous forests and utilized habitats with large meadows

less often (Table 17). In addition, Dosewallips elk increased use

of coniferous forests.
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The increased use of forested areas may have been a response to

variability in forage quality. In late August and early September

herbacous vegetation in forested areas, along stream banks and other

areas with surface water generally is more succulent and less

phenologically advanced than herbaceous vegetation in more exposed

sites.

Other studies have indicated that during late summer elk shift

use to mesic sites where forage phenology is less advanced (Iwrin and

Peek 1983, Holecheck et al. 1981). In Montana, elk increased use of

forested areas in August, apparently in response to desiccation of

vegetation in exposed areas (Knight 1970, Stevens 1966). Further,

Rocky Mountain elk on the western slope of the Cascade Range selected

mesic sites in late summer, enabling elk to maintain a high quality

diet despite a large decline in average forage quality (Hanley

1980).

Elk of both herds selected southerly aspects during summer and

rutting seasons (Table 18). This preference is opposite to that

reported for many Rocky Mountain elk populations. Elk in Idaho

significantly avoided southerly aspects (Irwin and Peek 1983), and

populations in central Washington and Utah selected northerly aspects

(Julander and Jeffery 1964, Nelson and Burnell 1975). High summer

temperatures and evaporation rates on southern aspects can have a

strong influence on habitat use by affecting forage succulence and

requirements for thermal cover. Summer temperatures and

evaporation rates in the subalpine region of the Olympic Mountains
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are probably lower than those in most areas inhabited by Rocky

Mountain elk, perhaps partially accounting for the difference in

aspect use. Selection of aspects, however, was affected by the

distribution of preferred vegetation communities. Subalpine

parklands occurred on all aspects of the summer and rutting ranges,

but were especially evident on southerly facing slopes.

Snowfields were used by Duckabush elk significantly less than

available during rutting season. This result is probably a

reflection of accessibility rather than a reflection of avoidance.

The snowfields utilized by the Duckabush elk in summer were in close

juxtaposition with subalpine parklands, whereas the snowfields

remaining in rutting season were in isolated pockets primarily in

rocky, precipitous cirques.



Table 11. Utilization (1) of vegetation habitat units by the Dosewallips and Duckabush elk during

rutting season. Percentages of use that are significantly greater or less than

percentages of availability are designated by (+) and (-), respectively.

that did not receive use are designated by (-*).

Habitats

Vegetation unit %TMa

Dosewallips Herd

12 %TM 1

Duckabush Herd

8 115 9 6 1

Coniferous forest 31.4 26.6 31.4 28.9 30.1 16.0 (-) 16.0 (-) 16.0 (-) 16.0 (-) 14.9 (-)

Meadow 5.2 5.1 1.1 2.2 9.6 9.0 9.0 9.0 2.0 (-) 2.6 (-)

Con. forest/meadow minor 10.6 20.7 (+) 27.1 (+) 30.3 (+) 11.9 31.0 31.0 31.0 44.0 (+) 42.7 (+)

Con. forest/meadow major 12.2 31.8 (+) 33.8 (+) 21.3 (+) 16.1 40.0 (+) 40.0 (+) 40.0 (+) 28.0 30.1

Shrub 6.4 9.9 0.9 (-) 6.1 1.5 3.0 3.0 3.0 10.0 (+) 8.9

Rock/barren 14.8 0.0 (-*) 0.0 (-*) 0.0 (-*) 8.8 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*)

Snow 3.5 4.4 5.1 4.6 5.0 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*)

Lake 0.1 0.0 (-*) 0.0 (-*) 0.0 (-*) 1.1 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*)

Rock/coniferous trees 15.0 1.5 0.0 (-*) 0.0 (-*) 1.6 1.0 1.0 1.0 0.0 (-*) 0.9

Shrub/coniferous trees 0.2 0.0 (-*) 0.0 (-*) 0.0 (-*) 1.1 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*) 0.0 (-*)

Number of locations 134 135 118 132 261 100 100 100 100 114

aTotal area available to elk



Table 18. Utilization of topographic habitat units by the Dosewallips and Duckabush elk during rutting season.

Percentages of use that are significantly greater or less than percentages of availability are designated

by (+) and (-), respectively. Habitats that did not receive use are designated by (-*).

%TAA
a

Dosewallips Herd

12 1JAA 1 6

Duckabush Herd

8 115 9 7

Elev. (m)

792-1052 6.2 2.3 4.1 2.0 7.5 5.0 5.0 5.0 10.0 11.0

1053-1311 11.5 3.8 (-) 7.4 (-) 5.4 (-) 27.1 21.0 21.0 21.0 30.0 34.0

1312 -1510 47.4 61.5 (+) 61.5 (+) 63.3 (+) 44.2 57.0 (+) 57.0 (+) 57.0 (+) 53.0 58.0 (+)

1571-1829 28.9 32.3 27.0 29.3 20.5 11.0 11.0 17.0 1.0 (-) 11.0 (-)

Slope (%)

0-12 11.6 59.2 (+) 58.1 (+) 51.1 (+) 15.7 2.0 (-) 2.0 (-) 2.0 (-) 13.0 13.0

13-24 50.5 35.4 (-) 32.4 (-) 35.4 (-) 32.5 71.0 (+) 71.0 (+) 11.0 (+) 65.0 (+) 79.0 (+)

25-36 24.1 3.8 (-) 8.1 (-) 6.1 (-) 35.5 19.0 (-) 19.0 (-) 19.0 (-) 18.0 (-) 18.0 (-)

36 1.2 1.5 (-) 1.4 (-) 1.4 (-) 16.1 8.0 (-) 8.0 (-) 8.0 (-) 4.0 (-) 4.0 (-)

Aspect

N 1.2 8.5 10.1 12.2 7.1 3.0 3.0 3.0 3.0 3.0

NE 22.1 21.5 19.6 11.0 12.7 4.0 (-) 4.0 (-) 4.0 (-) 6.0 (-) 7.0

E 9.3 0.8 2.2 2.0 8.2 16.0 16.0 16.0 2.0 (-) 3.0 (-)

SE 4.1 0.0 (-*) 0.0 (-*) 0.0 (-*) 13.4 10.0 10.0 10.0 6.0 (-) 6.0 (-)

S 0.0 4.1 19.0 (+) 19.0 (+) 19.0 (+) 9.0 18.0 (+)

SW 15.5 46.9 (+) 43.9 (+) 43.5 (+) 17.6 21.0 21.0 21.0 40.0 (+) 45.0 (+)

W 18.5 12.3 12.2 13.6 14.2 18.0 18.0 18.0 16.0 14.0

NW 22.1 10.0 (-) 12.2 11.6 22.4 9.0 (-) 9.0 (-) 9.0 (-) 18.0 18.0

Number of loc. 134 135 118 132 261 100 100 100 100 114

aTotal area available to elk
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V. SYNTHESIS AND CONCLUSIONS

Distribution of Elk

The spatial and temporal distribution of elk is influenced by

environmental characteristics such as forage, cover, topographic

features, weather and human disturbances. Distribution and quality

of forage and cover are primary factors driving that selection

process.

The Duckabush and Dosewallips elk preferred early seral

communities that included an abundance of cover. Deciduous,

deciduous/coniferous forests, and subalpine parklands were

selected. Early seral communities are important to elk because of

high forage productivity, and possibly, higher quality nutrition.

Some evidence suggests that forage in early seral communities is more

palatable (Cates and Drains 1975), and contains higher levels of

protein (Leslie 1982) than the forage of later seral stages.

Mesic areas were also selected. Preference for mesic sites with

high forage productivity may enable elk to maintain a high quality

diet relative to the average seasonal forage quality. Intensive use

of areas with the youngest and most succulent forage was particularly

evident during the winter and rutting seasons when the average level

of forage quality is generally low. In addition, spring migrations
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may also reflect a preference for areas with young, succulent

forage. Forage at higher elevations generally matures and

desiccates later than forage at lower elevations, which may prompt

migratory behavior.

Throughout all seasons, the Duckabush and Dosewallips elk

selected slopes less than 24 percent, however, selection of

elevations and aspects differed between summer and winter seasons.

In the subalpine region, elk generally utilized all elevations in

proportion to their availability, except for the lowest elevation

classes. In the lower valley region elk selected valley floors and

the lower portions of the valley walls. Elk of both herds selected

southern aspects in summer, and elk of the Dosewallips herd selected

northern aspects in winter. In comparison, many studies indicate

Rocky Mountain elk select northern aspects in summer and southern

aspects in winter, partially due to extreme snow depth and cold

temperatures. The relatively moderate weather of the study area is

not as influential in habitat selection, and selected aspects were

generally areas with the greatest amounts of preferred vegetation.

Home ranges and daily distances travelled during the summer and

rutting seasons were significantly less than those of the late

autumn, winter, and calving seasons. This difference may be

partially due to a greater interspersion of high quality forage and

cover in the subalpine parklands as compared with habitats of the

lower valley region.
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Human disturbances were another factor contributing to the large

home ranges and daily distances travelled in the lower valley

region. Daily movements and home range sizes in late autumn were

significantly larger than other seasons partially due to hunting

pressure. Hunting pressure also prompted elk to use security areas

consisting of high elevation coniferous forests.

Other disturbances, such as motor vehicle traffic, also

influenced the distribution of elk. Elk used areas less than 300 m

from residences and paved roads in winter core areas primarily at

night. Furthermore, distances of elk from paved roads and

residences were significantly greater during the day-time hours,

which was also the period with the greatest amount of motor vehicle

traffic.

Management Implications

Most human development and habitation in the lower valley region

was in areas most preferred by elk. Increased development of roads

and residences will decrease the area of preferred habitats available

to elk during the day-time, particularly those habitats less than 300

m from residences and paved roads. Decreased use could also occur

at night depending on future levels of motor vehicle traffic at that

time.

Security cover is an important habitat characteristic that should

be considered in land use planning of the lower valley and mid-valley
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regions. Movements and distribution of the Duckabush and

Dosewallips elk during late autumn indicate elk prefer extensive

roadless areas during hunting season. Other disturbances, such as

motor vehicle traffic, also cause elk to seek remote sites.

Guidelines for managing elk habitat in northern Idaho call for

security areas to be at least 250 contiguous acres that are more than

1/2 mile from roads open to vehicular traffic (Leege 1984).

Closures of nonessential logging roads from 1 November through 15

July and preservation of security cover adjacent to roads are

additional measures that can be used to minimize disturbances caused

by motor vehicle traffic.

The relatively high calf:cow ratios, in conjunction with the

availability of dependable subalpine summer range habitats, will

probably insure a relatively stable population size. However, a

significant increase in urbanization on the winter ranges will

undoubtedly affect the Duckabush and Dosewallips herds. Increased

urbanization would not only reduce the availability of preferred

habitats, but may also prompt higher harvest rates of elk, resulting

from special damage control seasons.

Early seral communities, including grasslands, deciduous forests

and deciduous/coniferous forests, particularly those communities on

less steep slopes, are important habitats for Roosevelt elk. Many

other studies also point out the significance of these habitats (Janz

1980, Jenkins and Starkey 1983, Witmer and deCalesta 1983, Harper et

al. 1967), as well as acknowledging the importance of old-growth
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forests (Jenkins and Starkey 1983, Witmer 1981). Plans for forest

harvesting, roads, residential development, and other land uses

should include provisions for retaining those habitats for future elk

use. Recommendations and guidelines for silvicultural/elk habitat

management are available to assist managers in developing optimal

management strategies (Wisdom et al. 1986, Witmer et al. 1985).
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