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McCorquodale, Scott M., Ph.D. May 2000 Fish and Wildlife Biology

Habitat Ecology and Vulnerability to Hunting Mortality of Elk in the Cascade Range
of Southcentral Washington (129 pp.)

Director: C. Les Marcum W -

I studied habitat selection and vulnerability to hunting among 81 radiocollared elk
(Cervus elaphus) in the Cascade Range of Washington. Adult and subadult males
exhibited similar habitat selection behavior at home range and patch scales during
summer—autumn and winter. However, habitat use differed between males and
females, especially relative to topographic features and relative to cover types during
winter. Males preferred mature, semiclosed forest at both scales during
summer—autumn. Females demonstrated similar cover type preferences to males at
the home range scale but were nonselective in use of cover types at the patch scale.

In winter, males primarily exhibited selection for cover types at the patch scale,
whereas females were primarily selective at the home range scale. Males selected
conifer stands at the home range scale and females preferred oak woodland and
openings at the patch scale in winter.

Estimated annual survival (S = 0.61, 95% CI = 0.50-0.70)) was similar among adult
and subadult males and was lower than estimated survival among adult females (S =
0.82, 95% CI = 0.70-0.90). Most elk deaths were associated with hunting, and most
elk were killed on summer—autumn home ranges. I found that the odds of an elk
being killed on its summer—autumn home range were positively related to the density
of roads and negatively related to topographic diversity of the home range. Elk kill
sites had higher road densities, relatively more area of resource reserves (e.g., Late
Successional Reserves, Watershed Reserves), and relatively less area of mature
closed canopy forest than did live elk relocation sites during autumn.

I also evaluated sex~specific sighting biases in winter helicopter surveys of elk.
Male elk were more than 9 time less likely to be seen than were female elk, primarily
because male elk group sizes were smaller and males tended to use heavier cover.
When group size and cover effects on sightability were accounted for in a logistic
regression model, sex did not significantly predict sightability. Males and females
were, however, distributed unevenly across the landscape, and this segregation was a
potentially important source of sex—specific bias in helicopter surveys of wintering
elk populations.
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CHAPTER 1: SEX-SPECIFIC MOVEMENTS AND HABITAT USE BY ELK

IN THE CASCADE RANGE OF WASHINGTON

Abstract: 1 studied sex—specific behavior of Rocky Mountain elk (Cervus elaphus
nelsoni) in the Cascade Mountains of southcentral Washington during 1992-99 using
3,059 relocations of 81 radiocollared individuals (26 adult males, 26 subadult males,
and 29 adult females). Adult males (2 5 yr) consistently migrated from
summer—autumn home ranges earlier (P < 0.0001) than other elk, but the timing of
spring migration was similar (P = 0.16) among all elk classes. Using compositional
analysis, I found habitat use of adult and subadult male elk during winter and
summer-autumn were similar (P > 0.12) at home range and patch scales, but use
compositions for cover types and topographic features often differed (P < 0.10)
between males and females. During winter, males generally used conifer stands and
flat areas more, and oak woodland less, than females. Males also tended to use
slightly higher elevations than females during winter. Males selected (P < 0.10)
mature semiclosed forest at both scales during summer-autumn. Females
demonstrated similar preferences to males at the home range scale, but used cover
types nonselectively (P = 0.12) at the patch scale during summer—autumn. In winter,
males used cover types nonselectively at the home range scale (P = 0.25) but selected
conifer forest at the patch scale. In contrast, females selected oak woodland and
openings at the home range scale but used cover types nonselectively (P = 0.60) at the
patch scale. Males and females preferred elevations of 759-908 m at both scales

during winter. All elk located their winter home ranges in relatively steep (> 40%)
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terrain. Within winter home ranges, males selected gentler slopes than females.
Summer—autumn relocations of all classes of elk were further (P < 0.001) from roads
than expected. The effects of roads on habitat use differed among classes of elk (P =
0.08); adult males used summer—autumn home ranges with lower road densities and
used patches further from roads than did subadult males (P = 0.06) and females (P =
0.04). During winter, female elk home ranges had lower road densities and females
used areas further from roads than adult and subadult males (P < 0.10).
INTRODUCTION

Habitat use by Rocky Mountain elk has been well documented, but most
research has focused on females because of their importance to rates of population
change (Marcum 1975, Schoen 1977, Irwin 1978, Burcham et al. 1998). The factors
controlling lifetime repreductive success in ungulates often differ between sexes and
sometimes among age classes (Guiness et al. 1978, Gibson and Guiness 1980a,
1980b, Clutton—Brock et al. 1982). Divergent reproductive strategies can lead to
differences in habitat use, diets, and spatial use by different sex and age classes
(Miquelle et al. 1992, Main and Coblentz 1996, Bleich et al. 1997). Consequently,
detailed knowledge of habitat use and selection behavior of adult female elk may not
provide reliable about males.

Some researchers have addressed movements and habitat use of male elk
(Hurley and Sargeant 1991, Lyon and Canfield 1991, Unsworth et al. 1993); however,
data were collected mainly from young males and during hunting seasons. To
explore differences in resource selection by different sex and age—classes of elk, I

collected multiseason data from similarly sized samples of radiocollared adult female,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



adult male (= 5 yr), and subadult (< 4 yr) male elk in the Cascade Range of
southcentral Washington during 1992-99.

I examined movement behavior at the landscape scale and habitat use at both
home range and patch scales, which approximated the second and third order scales
of habitat selection described by Johnson (1980). I tested the following group
contrast hypotheses: (1) movements and use of habitat components at both home
range and patch scales were independent of sex and age class, and (2) the apparent
effects of roads on elk habitat use were independent of sex and age class. I also tested
the null hypotheses that habitat components were used nonselectively at both home
range and patch scales by different classes of elk.

STUDY AREA
Winter

The winter study area encompassed 57,000 ha of the Toppenish Creek
watershed along the eastern slopes of the Washington Cascades (46°20°, 121°00°)
(Fig. 1). The area consisted of a series of steep east~west canyons, the highly
dissected north and south forks of Toppenish Creek, and adjacent forested plateaus.
Elevations ranged from 490 to 1,400 m.

Grass—dominated openings were common on south aspects and other xeric
sites. North aspects, drainage bottoms, and higher plateaus were dominated by
conifers, primarily ponderosa pine (Pinus ponderosa), Douglas—fir (Pseudotsuga
menziesii) and grand fir (Abies grandis). The forest-rangeland ecotone was

dominated by Oregon white oak (Quercus garryani) or mixed oak/pine stands.
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Annual precipitation historically averaged about 64 cm in lower Toppenish
Creek. Most precipitation falls during Nov—Apr, much of it as snow. Mean annual
snowfall measured at nearby Yakima, Washington, 1964—94, was 61.2 cm (National
Oceanic and Atmospheric Administration 1994). During 1992-99, snowfall was
average or below average during each winter except 1992-93 and 1995-96, when
snowfall was much above average.

Summer—autumn

The summer—autumn study area included much of the Yakima, Klickitat, and
Cispus River watersheds (Fig. 1). Elk summer range encompassed about 550,000 ha,
including roughly 200,000 ha of the Yakama Reservation and approximately 300,000
ha of federal land within the Gifford Pinchot and Wenatchee National Forests.
Approximately 50,000 ha were managed by Boise Cascade Corporation or the State
of Washington. Elevations ranged from 700 m to approximately 3,742 m at the crest
of Mt. Adams, a dormant volcano. The upper watersheds were characterized by
rugged terrain near the Cascade crest, whereas lower areas included a mixture of
steeply walled drainages and adjacent, gently sloping plateaus.

Most of the area was forested, and ponderosa pine or mixtures of pine,
Douglas fir, grand fir, western larch (Larix occidentalis), and western hemlock
(Tsuga heterophylla) dominated mid elevation stands. Upper watersheds were
dominated by conifers such as Douglas fir, subalpine fir (Abies lasiocarpa), Pacific
silver fir (Abies amabilis), mountain hemlock (Tsuga mertensiana), subalpine larch
(Larix lvallii), lodgepole pine (Pinus contorta), Englemann spruce (Picea

englemannii), and western red cedar (Thuja plicata). Localized stands of red alder
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(Alnus rubra), aspen (Populus tremuloides), and paper birch (Betula papyrifera) were
common in riparian zones and other wet sites. Nonforested habitats included
numerous meadows, natural shrubfields, early seral stands, and subalpine parks.

Annual precipitation in the summer—autumn study area historically varied
from 180 cm near the Cascade crest to approximately 70 cm in the lower watersheds.
Deep snowpacks (>5 m) are common at higher elevations during winter and may
persist until mid July. During this study, mid—elevations and south and west aspects
were usually snowfree by late May. Autumn snowfalls usually began by late October
near the Cascade Crest and by approximately mid to late November at lower
elevations.
Land Management

The habitat mosaic used by elk included large tracts managed by the Yakama
Nation and the U. S. Forest Service, and smaller tracts managed by Boise Cascade
Corporation and the Washington Department of Natural Resources. The winter range
was located entirely within the Yakama Reservation, and most of the winter study
area was managed as critical winter habitat for ungulates. Timber harvesting and
summer livestock grazing were permitted (McCorquodale et al. 1997). Toppenish
Creek was extensively roaded, but only a road that accessed a series of elk traps was
plowed during winter. Access to this road was controlled via a locked gate during
Nov 15-Apr 1.

About 98,000 ha of the overall study area were administratively designated as
true reserves (e.g., wilderness, primitive area, or alpine reserve). Additionally,

72,000 ha were managed as resource emphasis areas (e.g., tribal watershed reserves
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and federal late successional reserves) where limited timber harvest was permitted to
enhance environmental values (McCorquodale et al. 1997). Approximately 310,000
ha of federal, tribal, and private land within the summer study area were intensively
managed for commercial timber production.
METHODS
Capture and Radiotelemetry

I captured elk in small panel traps or elk—sized clover traps (Thompson et al.
1989) or darted them from a Hughes SOOD helicopter during winter, 1992-99. 1
allocated captured elk to 1 of 3 subsamples (adult males, subadult males, or aduit
females) based on age and sex criteria. I selected S as the threshold age for adult
males based on inflections of age vs. body, antler, and testes mass from the data of
Flook (1970). I estimated the ages of captured elk by patterns of tooth eruption and
wear (Quimby and Gaab 1957), and for males, also by the size and girth of antlers.
Because I primarily used age estimates to allocate males to the correct age—class
sample, precise estimates were not required. Age estimates from cementum annuli
analysis (Matson’s Laboratory, Milltown, Montana) were obtained for elk that died
during the study, and these provided an assessment of the accuracy of estimates made
at capture.

I fitted a sample of elk with radiotelemetry collars (MOD-500, Telonics, Inc.,
Mesa, Arizona) each winter. Transmitters had an estimated 3-yr battery life.
Although I did not employ formal randomization, I attempted to deploy collars evenly

across the trapping area to avoid oversampling specific social groups or matrilines.
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I relocated radiocollared elk weekly during May—Nov and approximately
twice monthly during Dec—-Apr, following the approach of McNay et al. (1994),
which emphasized a systematic interval between relocations rather than attempting to
identify independent relocations post hoc. Relocations were obtained during daylight
hours from a Cessna 182RG aircraft fitted with 2 side—looking directional antennas
(RA-2A, Telonics, Inc., Mesa, Arizona), following the general procedure of Gilmer et
al. (1981). Most flights were conducted during early morning hours in relatively
good weather. I estimated aerial relocation coordinates with a Geographic
Positioning System (GPS) receiver (Model 100, Garmin Corp., Olathe, Kansas,
USA). I evaluated GPS accuracy by periodically obtaining aerial coordinates for a
series of known points that were identifiable from an aircraft. I also evaluated
telemetry system error (GPS + tracking error) by obtaining aerial position estimates
of collars at known locations using a blind testing approach.
Home Ranges and Movements

I estimated summer—autumn and winter home ranges of elk using CALHOME
software (Kie et al. 1996). I derived 90% adaptive kernel (AK) (Worton 1989) and
90% minimum convex polygon (MCP) (Michener 1979) estimates. I produced AK
estimates using program defaults for optimum bandwidth and a user defined 50 x S0
grid. I estimated seasonal home ranges for all elk with 2 10 seasonal relocations, but
most home ranges were estimated from 2 25 relocations during summer—autumn and
> 15 relocations during winter. Although home range estimates from 10-30
relocations may be negatively biased (Seaman et al. 1999), my interest in home

ranges was principally to define sampling frames for habitat analyses rather than
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estimating home range size (Unsworth et al. 1993). I considered spatial overlap of
seasonal 90% AK home ranges from different years as evidence of range fidelity
(McCorquodale 1999). When fidelity was documented, I pooled interyear data for
final delineations of seasonal home ranges. I tested for effects of relocation number
and sex and age class membership on home range size using a 2—-way analysis of
variance (ANOVA). If a male instrumented as a subadult lived to 2 age S, I used
Multiresponse Permutation Procedures (MRPP) (Mielke et al. 1981) to test the
hypothesis that the same area was used before and after age 5. I pooled subadult and
adult relocations and treated the male as a subadult if MRPP analysis yielded
evidence that the same area was used before and after age 5. If MRPP analysis
indicated that a subadult male used a different area after age S, I used only subadult
data for that male to maintain individual animals as sampling units.

I considered elk with nonoverlapping 90% AK home ranges during winter and
summer-~autumn as migratory. I judged seasonal migration to have begun when
consecutive relocations placed an elk outside of a defined seasonal home range (90%
AK) (McCorquodale 1999). I estimated migration dates as the midpoint between the
last relocation within a seasonal home range and the first migration relocation
(generally a span of 7-10 days). I calculated minimum migration distances as the
straight-line distance between seasonal activity centers, where seasonal activity
centers were defined as the mean UTM coordinates associated with seasonal 90% AK
home ranges (McCorquodale 1999). I tested for the effects of sex and age class
membership on migration date using a 1-way fixed—effects ANOVA.

Habitat Use
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I initially created an ArcInfo® GIS database consisting of a road coverage,
cover type, and management class coverages, and a 30 m resolution digital elevaiion
model (DEM) of the study area. The cover type coverage was based on interpretation
and groundtruthing of 1:12,000 color aerial photographs. I used stand structure,
species composition, and ecotype attributes from the original cover type coverage to
produce a simplified classification of 8 types: 1 = openings and shrubficlds (tree
canopy closure [CC] < 11%), 2 = oak woodland, 3 = open young forest (CC =
11-39%, dbh <30 cm), 4 = closed young forest (CC >39%, dbh <30 cm), 5 = open
mature forest (CC = 11-39%, dbh 230 cm), 6 = semiclosed mature forest (CC =
40—-69%, dbh 230 cm), 7 = closed mature forest (CC >69%, dbh 230 cm), and 8 =
other (e.g., bare ground, rock, open water). The management coverage consisted of 4
classes (1 = true reserves [e.g., federal wilderness, tribal primitive area], 2 = managed
forest, 3 = resource emphasis areas (e.g., federal late successional reserves), 4 = state,
private, and other lands).

I used the GRID module in ArcInfo® to create a raster coverage of
topographic features. I reduced aspect data from the DEM to 9 classes (a no aspect
class and 8 classes of 45° width), which represented flat ground and the aspects N,
NE, E, SE, S, SW, W, and NW. Similarly, I reduced slope data from the DEM to 7
classes (6 of 10% slope and a 7" class of >59% slope [1 = 0—-9%, 2 = 10-19%,....7 =
>59%]. 1 derived 13 elevation classes consisting of a low and high elevation class
and 11 intermediate classes of 150 m width (1 = <607 m, 2 = 607-757m, 3 =
758-908 m, 4 = 909-1,059m, S = 1,060-1,210m, 6 = 1,211-1,361, 7 = 1,362-1,512

m,...,13 =>2,267 m). I used a raster cell size of 900 m? = 0.09 ha (the resolution of
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the original DEM data), which yielded a topographic coverage of the study area

consisting of roughly 5.4 x 10° cells.

I then integrated the cover type and management class coverages into the
topographic GRID. This yielded a single GRID coverage wherein each cell had a
slope, aspect, elevation, management, and cover type class identity.

I also created polygon coverages from seasonal 90% AK home ranges of
radiocollared elk. For patch scale analyses, I created an elk use coverage by adding a
300—m radius circular buffer to each telemetry relocation, yielding a coverage
wherein each relocation was represented as a 28.3 ha circle centered on the original
relocation. I used buffered telemetry points instead of the points alone because [
thought these better represented habitat patches used by elk and I selected 300—m as
the buffer radius because it approximated the upper 95% CI for telemetry system
error. I created a final GRID coverage for home range scale analyses by integrating
the home range coverages into the habitat feature GRID coverage previously
described. Similarly, I integrated the buffered telemetry point coverage into a
separate habitat feature GRID to create a final coverage for patch scale analyses.

Analytical Procedures. — I used compositional analysis (Aebischer et al.
1993a), which is based on logratio transformations of habitat component proportions
(Aitchison 1986) to test hypotheses about habitat use and selection. Compositional
analysis has desirable properties for analyzing habitat use data (Aebischer and
Robertson 1992, Aebischer et al. 1993a), including: (1) rendering habitat composition
proportions independent, (2) utilizing individual animals rather than relocations as

sampling units, (3) placing inference about habitat preference in a relative, rather than
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absolute, context, and (4) facilitating an array of hypothesis tests using multivariate
analysis of variance (MANOV A) analyses.

I created a separate habitat composition for slope, aspect, elevation, and cover
type for each elk within each season and scale from the GRID coverages. For each
elk sample (e.g., adult male elk home ranges during winter) I calculated a habitat
composition for each habitat theme, where x;; = the proportion of component i for elk
JExii=10,Zx2=1.0, ...Z xin=1.0). I then transformed the habitat composition
data for each elk (by each theme, season, and scale) into logratios of the form: y; = In
(xi/x;) (for all i, i # j) for subsequent analyses (Aebischer et al. 1993b). I combined
components for some analyses because not all components within the original
classifications were used by all elk. For example, because oak woodland was largely
absent from most summer—autumn home ranges, I eliminated this cover type from the
summer—autumn dataset.

I tested for differences in habitat use compositions among sex and age classes
using single factor MANQOV A analyses of the transformed data (Aebischer and
Robertson 1992, Aebischer et al. 1993b). I used Wilk’s lambda (A) as the test
statistic for testing group contrast hypotheses. I first tested for differences between
adult and subadult male elk. If the results of this test suggested adult and subadult
male compositions were not different (P > 0.10), I pooled compositions for all males
and contrasted them with habitat compositions for adult females. When group
differences were evident, I used r—tests to define which elements within a

composition were different, following Aebischer et al. (1993b).
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After establishing the number of statistically distinguishable groups for each

habitat composition, I evaluated group preferences for habitat features with a use vs.
availability compositional analysis (Aebischer et al. 1993a). This analysis was based
on pairwise differences ( d; = yui —ya;) of the logratio transformations of used and
available habitat for each component within a composition (Aebsicher and Robertson
1992). I tested the hypothesis that Zd; =0, using the approximation: -N In (A) = x?
«-1), where k = the number of classes in the composition, as a test statistic (Aebischer

et al. 1993). For summer—autumn home range scale analyses, I derived available
habitat compositions for the summer study area using the final GRID coverage. For
winter home range scale analyses, I estimated availabilities within a 57,000 ha
polygon that contained the winter home ranges of all radiocollared elk. For patch
scale analyses I compared the compositions of the buffered telemetry points (use)
with the compositions of seasonal home ranges (available).

When use compositions of several elk contained unused components, I
combined classes within the composition. When unused components were present for
only a few elk (< 5), I replaced the O values with a small nonzero value (0.0001)
(Aebischer et al. 1993a). Because it is inappropriate to substitute for O values in an
availability composition (i.e., an elk cannot select a component that is unavailable)
(Aebischer et al. 1993a), I combined components to eliminate any O value in
availability compositions.

I determined road densities within elk home range polygons and calculated
distances between relocations and the nearest road from a road coverage (vector)

using GIS. The road coverage was compiled using GIS data from 4 sources. Data
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from one source were not attributed by status (i.e., open vs. closed roads), so it was
not possible to be confident of road status. However, most roads represented in the
final road coverage were administratively open. I tested for group effects on road
densities within seasonal home ranges and distances to nearest roads for seasonal
relocation points using one—~way ANOVAs. I also created a point coverage
consisting of 5,000 random points that overlaid the summer—autumn study area. I
eliminated points falling outside of the study area boundary, producing a final
coverage of 3,771 random points. I used a one-~way ANOV A to test for differences
in distances to nearest roads for random points and summer—autumn elk relocations.
General Statistical Procedures

I conducted MANOV As, ANOV As, and r—tests using SPSS-8.0 software
(SPSS, Inc. 1998). I based Post hoc multiple comparisons associated with ANOVAs
on Least Significant Difference procedures (Carmer and Swanson 1973). I conducted
MRPP tests using BLOSSOM software (Slauson et al. 1991) and used RESOURCE
SELECTION FOR WINDOWS software written by F. Leban (University of Idaho,
Moscow, Idaho) to test use vs. availability hypotheses with compositional analysis. I
considered P < 0.10 as acceptable evidence of statistical significance for all tests
(Johnson 1999).
RESULTS
Capture and Telemetry

During winters 1992-99, I instrumented 81 elk = 1 yr—old (52 M:29 F). The
mean absolute deviation of actual and estimated ages at capture for 11 known-age

males was 1.4 yr; the error was < 1 yr for 8 of 11 males. All males for which age
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estimates from cementum analysis were later obtained had been allocated to the
correct subsample at capture. Of the 52 males I instrumented, 26 (50%) were marked
as mature adults and 26 as subadults. The grand mean age of mature males
radiotracked annually was 8.0 ( ;mua. = 7.6—8.4) and the grand mean age of subadult
males was 3.4 ( Xapguat = 2.8-3.7).

I obtained 3,059 relocations of the 81 radiocollared elk during 1992-99. The
database represented 91 male elk years and 56 female years. I radiotracked 23 of 52
(44.2%) males for > 1 yr; 11 (21.2%) were radiotracked for = 3 yr. I monitored 18 of
29 (62.1%) radiocollared females for > 1 yr; 7 (24.1%) were monitored for = 3 yr.
Only 3 subadult males were tracked long enough to provide data after attaining the
age criteria for adults. My MRPP analysis of relocation coordinates for these males
suggested each used the same areas as adults as they had used as subadults (P =
0.12—-0.87), so I pooled interyear data from each male and treated them as subadults.
All 3 elk provided data only for a single year after reaching age 5.

I estimated the mean GPS error as 36.0 m (95% CI = 24.4—47.6 m, n = 27).
Using blind testing, I estimated the mean telemetry system error (i.e., GPS + tracking
error) as 196.5 m (95% CI = 138.7-269.7 m, n = 17).

Home Ranges and Movements

I estimated summer—autumn home range sizes for 22 adult males, 23 subadult
males, and 26 adult females (Table 1). Home range size was similar among sex and
age classes (F = 1.76, P = 0.20) and was not systematically related to numbers of
relocations (F = 1.12, P = 0.40) for 90% AK estimates. Similarly, home range size

was not systematically related to sex and age class (F = 0.61, P = 0.56) or relocation
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number (F =0.98, P = 0.53) for 90% MCP estimates. I estimated winter home ranges
for 14 adult males, 11 subadult males, and 15 adult females (Table 1); mean home
range estimates were similar among sex and age classes {F = 0.35, P =0.71) and
among elk with different numbers of winter relocations (F = 0.49, P = 0.92) for 90%
AK estimates. Home range size was strongly related to the number of winter
relocations (F=9.15, P £0.001) for 90% MCP estimates, so sex and age class
contrasts are not reported due to the high likelihood of sample size bias in winter
MCP estimates.

Fidelity to seasonal home ranges was strong among most instrumented elk.
Two males (1 AD, 1 SAD) and 1 female relocated their winter home ranges during
the study. No elk relocated an established summer—autumn home range, although 1
subadult male that used widely separated (> 25 km), nonoverlapping areas during 2
years used one nearly exclusively the second year. One adult female and 1 subadult
male were nonmigratory residents of the winter study area. Two other males (1 AD,
1 SAD) displayed atypical movements, behaving as nonmigratory residents during
Nov—Aug, but moving to higher elevations and into higher elk density areas = 10 km
west during the rutting season each year.

Mean distances between seasonal activity centers for migratory adult males
(31.4 km, n = 22), subadult males (29.6 km, n = 21), and adult females (34.3 km, n =
16) were similar (F = 0.93, P = 0.40); overall mean distance between activity centers
was 31.6 km (range = 3.6-57.2 km). The date of autumn migration was affected by
sex and age class (F = 15. 96, P <0.0001). The mean date of autumn migration for

adult maies ( x = 25 Oct) was earlier than the mean date for subadult males ( x=11
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Nov, xuy = 17.07, P <0.0001) and adult females ( x = 14 Nov, x z=19.56,P <

0.0001). There was little evidence that the timing of spring migration was affected
by sex and age class (F = 1.92, P =0.16). The mean date of spring migration was 12
May.
Habitat Use

Group Conrrasts. — Because many summer—autumn home ranges lacked
specific components, I eliminated oak woodland from the cover type compositions,
and combined all slope classes above 50%, all elevation classes below 909 m, and all
elevation classes above 1,664 m. Adult and subadult males used habitat features
similarly (P = 0.12-0.84) at both home range and patch scales (Table 2). Home range
compositions differed slightly between males and females during summer—autumn
for cover type (P = 0.09), but evidence for sexual differences was stronger for slope
(P =0.03) and elevation (P = 0.04) compositions (Table 2). Home ranges of males
tended to have relatively more closed canopy (CC > 69%) and open canopy (CC =
11-39%) mature forest than did home ranges of females, but males made
significantly (P < 0.10) greater use only of open canopy (CC = 11-39%) mature
forest relative to moderate canopy mature forest (CC = 40-69%). Relative to home
ranges of females, home ranges of males consistently had more area of steep (2 50%)
and moderate slopes (40—49%) and less area of gentle slopes (< 19%) (P < 0.10).
Home ranges of males had more (P < 0.10) area above 1,663 m relative to areas of
1,211-1,663 m and 909-1,059 m elevation. Summer—autumn home range
compositions for males also had more area below 909 m relative to 909-1,059 m

elevations than did compositions for females.
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Patch scale use compositions during summer—autumn differed between males
and females for all 4 compositions (P = 0.001-0.07) (Table 2). At the patch scale,
males made significantly (P < 0.10) more use of closed canopy mature forest relative
to moderate canopy mature forest and more use of open canopy mature forest relative
to moderate canopy mature forest than females. Males used NW aspects less relative
to NE, E, SE, and S aspects than did females, and males used flat areas less relative to
all aspects except W and NW. Males also used W aspects significantly less relative
to all aspects except N, NW, and flat areas than females used at the patch scale. At
the patch scale, males made relatively more use of steep (2 50%) and moderately
steep (40—49%) slopes and less use of gentle slopes (< 19%) than females (P < 0.10).

Many winter home ranges lacked specific conifer types from the original
classification, so winter cover type compositions were reduced to 5 classes: openings,
oak woodland, open coniferous forest (CC < 40%), closed coniferous forest (CC =
40%), and all other types. Elevation compositions for winter were simplified to 3
classes: (1 = <758 m, 2 = 758-908 m, and 3 = > 909 m) to reduce the occurrence of
composition elements with 0% use.

Winter habitat use compositions were similar (P = 0.20-0.89) for adult and
subadult males at both home range and patch scales, justifying pooling the data for
males (Table 3). Winter use compositions at the home range scale differed between
males and females for cover type (P = 0.04), aspect (P = 0.06), and elevation (P =
0.06), but not for slope (P = 0.16) (Table 3). Male home ranges during winter
contained significantly more closed canopy and open canopy conifer forest relative to

openings and oak woodland than female home ranges did. Female home ranges
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contained more oak woodland relative to all other cover types than male home ranges.
Winter home ranges of males contained more flat areas relative to N and NW aspects
than female home ranges, and male home ranges had less NW aspect relative to NE
and S aspects than female home ranges. Male home ranges contained more moderate
elevation (758-908 m) area relative to low elevation (< 758 m) area than female

home ranges during winter.

Winter use compositions differed between males and females for all 4 habitat
compositions at the patch scale (P = <0.0001-0.05) (Table 3). Males used more
closed and open canopy conifer forest relative to openings and oak woodland than
females, and females used more oak woodland relative to all other cover types than
males. Females used S and SE aspects more relative to NE aspects and flat areas, and
males used flat areas more relative to N, SE, S, and W aspects than females. At the
patch scale, males used gentle slopes (< 10%) more relative to all other slope classes
except slopes 2 50%, and 30—-39% slopes less relative to slopes < 30% than f~males.
Males used moderate (758-908 m) and high (> 908 m) elevations more relative to
low elevations (< 758 m) than females at the patch scale during winter.

Summer—autumn Habitat Selection. — During summer—autumn, male elk used
cover types disproportionately to their availabilities at both home range % =
48.5643, P < 0.0001) and patch (x%s = 15.3694, P < 0.05) scales. At the home range
scale, males preferred mature semiclosed (CC = 40—69%) forest relative to all types
except mature closed forest, and mature closed forest was preferred relative to all
types except mature semiclosed forest and openings (Table 4). At the patch scale,

mature semiclosed forest was preferred relative to all other types except other mature
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forest types, and mature open forest was preferred relative to young forest types
(Table 4).

During summer—autumn, female elk demonstrated selection for cover types at
the home range scale (xzs = 49.65, P < 0.0001), but cover types were used in
proportion to their availabilities (% = 10.12, P = 0.12) at the patch scale. Females
preferred mature semiclosed forest relative to all other types at the home range scale
(Table 4). Females preferred mature closed forest relative to young closed forest and
openings relative to young closed forest and mature open forest.

Because my initial MANOVA analysis failed to distinguish male and female
aspect compositions during summer—autumn at the home range scale, I evaluated
selection for aspects using all elk. Elk selectively used aspect classes at the home
range scale (xzs =27.53, P <0.001). Generally, NE and E aspects were preferred
relative to most other aspects and flat areas were relztively underused (Table S). At
the home range scale, males used slope classes disproportionately to their
availabilities (x%s = 148.89, P < 0.0001), as did females (x’s = 85.76, P < 0.0001).
Males demonstrated strong selection for steep slopes relative to more gentle slopes
and flat areas (Table 5). Females also preferred the steepest slope classes relative to
other 