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Abstract

A multi-faceted management approach on a group by group basis may be the most effective strategy for managing
human-elk conflict within the North Cascades elk herd. Consideration of spatial distribution is important when developing
management strategies designed to benefit or manipulate elk habitat use. We analyzed data from 23 GPS collared female
elk (Cervus elaphus) in known conflict areas and adjacent upland forests to investigate spatial distribution, site fidelity,
and home range overlap in northwest Washington. We identified 21 non-migratory sub-herds associated with our collared
elk with discrete home ranges, year-round site fidelity and predictable core use areas. Home range areas ranged from
1.34-29.79 km? with 50% core use areas ranging from 0.02—1.67 km?. We used seasonal median centers as indicators of
site fidelity and found that all but one of the 21 groups had seasonal and total median centers < 3 km apart within their
95% home ranges. Home ranges showed minimal overlap between groups with Utilization Distribution Overlap Index
values of zero or < 1 for 20 of the 21 groups. Groups that did overlap or had adjacent range boundaries showed incursion
tracks suggesting that attempts were made to access occupied habitat. While the herd continues to recover, we recom-
mend managing elk in conflict zones at the sub-herd level using a combination of techniques to manipulate behavior,
block resource access, and control group size with the overall goal of influencing spatial distribution without removing
elk from the landscape altogether.
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Introduction
Elk (Cervus elaphus) are an important ecological,

of Rocky Mountain and Roosevelt elk occurred
in 1912 (Washington Department of Game 1939),

sociological, cultural, and economic resource in
the Pacific Northwest (Bunnell 1997, Myers et
al. 2008, Donovan and Champ 2009). The North
Cascades Elk Herd (NCEH) is the smallest of ten
herds residing in Washington State (WDFW 2002)
with a historic range west of the Cascade Crest
from the Canadian border spanning four counties
to north King County (WDFW 2017). This is a
native herd that was harvested to near extinction
in the early 1900s (Murie 1951). Augmentations
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1946, and 1948 (McCall 1996, WDFW 2015) with
the most recent efforts occurring between 2003
and 2005 (WDFW 2017). Preliminary genetic
work (WDFW 2014) indicates that Roosevelt and
Rocky Mountain elk have interbred resulting in
a mixed population. The NCEH is currently co-
managed by the Washington Department of Fish
and Wildlife (WDFW) and Tribes signatory to
the Treaty of Point Elliott (Kappler and United
States 1903). The Point Elliott Treaty Tribes and
the WDFW have collaborated on recovering and
expanding the NCEH since the late 1990s. As
the population increases, new management chal-
lenges arise between promoting herd growth and
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expansion and addressing human-elk conflicts.
Elk management strategies vary depending on
agency objectives, landscape configuration, elk
behavior and social tolerance. The landscape across
elk ranges in Washington has changed over time
resulting in habitat loss and fragmentation (WDFW
2015). Human population growth, development,
and encroachment into elk habitat has resulted in
a greater use of Washington’s road systems and
increased human-elk interactions (Myers et al.
2008, McCorquodale 2013).

Growth and expansion of the NCEH has resulted
in greater numbers of elk in lowland agricultural
valleys. Increases in human-elk interaction pres-
ent a challenge to resource managers and has led
to different management strategies for elk herds
and sub-herds throughout their ranges (Walter et
al. 2010). Hegel et al. (2009) suggest that conflict
management strategies fall into three categories:
habitat modification, population size/behavior
control, and altering human attitudes and behav-
iors. Human attitudes toward elk vary and Fricke
et al. (2008) found that social acceptance was one
of the primary factors influencing elk population
size and growth.

Management increasingly requires consider-
ation of social tolerance and must incorporate
damage-reduction strategies into herd management
plans while acknowledging the positive benefits
of elk to society. The 2017 Draft North Cascades
Elk Herd Management Plan (WDFW 2017) ad-
dresses human-elk conflict with strategies ranging
from lethal removal to non-lethal options such as
exclusion fences and forage enhancement plots.
Depredation hunts target females and impact ap-
proximately 35% of the overall NCEH population
(2018 Lincoln-Peterson (L-P) estimate 1,592 +
716) and occur July 1-March 31. Modest general
elk seasons (State and Tribal) also occur in upland
habitats for either sex. While depredation hunts
are effective at regulating group size, they are not
effective at permanently moving elk away from
conflict areas or at decreasing damage complaints.
To effectively manage human-elk conflict in a
recovering elk population, the spatial organiza-
tion of elk on the landscape in conjunction with
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site fidelity and joint space use sharing must be
considered.

Long et al. (2015) describes spatial organiza-
tion as the spatial and temporal relation of animals
within a population. An animal’s home range is
the area used for foraging, mating, and caring for
young (Burt 1943, Powell and Mitchell 2012),
and range size is believed to be a result of social
structure (Millspaugh et al. 2004) and individual
movements in relation to resource availability
(Anderson et al. 2005). Many species exhibit
home range fidelity (Reynolds 1984, Kricher and
Davis 1998, Wittmer et al. 2006) by occupying
the same area or returning to select areas over an
extended period of time (White and Garrott 1990,
Switzer 1993, Brough et al. 2017, Mahoney and
Young 2017).

Home range fidelity often indicates stable habi-
tat (Franklin and Lieb 1979, Bender 1992, Wolf
et al. 2009) and is an important consideration for
targeted management actions (Brough et al. 2017).
Fidelity to a home range may increase survival and
reproductive success because learned behaviors as-
sociated with resource use may enhance individual
fitness (Ortega et al. 2006, Piper 2011, Mahoney
and Young 2017). Many studies have documented
site fidelity in both migratory and non-migratory
female elk (Edge and Marcum 1985, Benkobi et
al. 2005, Stubblefield et al. 2006, Van Beest et al.
2013). Millspaugh et al. (2000) suggest that the
size and geographic location of elk home ranges
can serve as the basis for monitoring behavior
and habitat use. Philopatric behavior and social
dynamics can also contribute to the stability of
social groups and influence home range overlap
(Lieb 1973, Franklin and Lieb 1979, Raedeke et
al. 2002, Brough et al. 2017).

The probability of home range overlap is influ-
enced by social dynamics (Lieb 1973, Franklin and
Lieb 1979, Kolbe and Weckerly 2015) including
group size and movement patterns. Franklin et al.
(1975) describes the social organization of elk as
how individuals within a group interact in rela-
tion to available habitat. Female groups are typi-
cally comprised of cows and juvenile elk of both
sexes (Geist 1982). The stability and leadership
of adult cows may allow the groups to respond



to specific changes in the environment (Wilson
1975, Weckerly 1999). Unlike elk herds that are
migratory with annual variation in social groups
and no lasting associations between individuals
(Geist 1982, Houston 1982), sedentary elk herds
are expected to demonstrate strong site fidelity and
consistency in group associations with minimal
home range overlap (Jenkins and Starkey 1982,
Relyea et al. 2000, Anderson et al. 2005). Adult
female elk can have strong social bonds with
their juvenile offspring (Weckerly 1999) and
groups consisting of bonded individuals may be
reluctant to associate with unfamiliar individuals
(Thouless and Guinness 1985). Therefore, it is
unlikely that socially bonded elk with long-term
bonds between individuals would associate with
adjacent groups regardless of resource availability
(Kolbe and Weckerly 2015). In elk conflict areas,
if socially bonded groups are removed or greatly
reduced, there is a risk that other unrelated groups
will move in if desirable habitat is available (Link
2004). In addition, Edge et al. (1986) suggested that
landscape scale elk management practices may be
ineffective and recommended sub-population level
actions. Others agree that some wildlife conflict
issues should be addressed at the sub-population
level (Knowlton etal. 1999, Sacks et al. 1999) and
group constancy can provide a useful baseline for
management decisions (Franklin and Lieb 1979).
Understanding the spatial and social organization
of female elk groups will inform management and
help address human-elk conflicts.

In consideration of this idea, we analyzed data
from GPS collared female elk in known conflict
areas and adjacent upland forests to determine
spatial organization, site fidelity and home range
overlap of groups in the NCEH. Specifically, we
considered whether there was three dimensional
spatial use sharing between groups and if social
dynamics influenced distribution. With the goal
of managing this recovering herd for long-term
sustainability and promoting expansion throughout
their potential range, we needed to understand
social group patterns and whether we could iden-
tify targeted management actions to manipulate
elk and reduce human-elk conflicts. We propose
that a multi-faceted management approach on a
group by group basis may be the most effective
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Figure 1. Location of study area with Game Management
Units 418, 437, and Elk Area 4941 in northwest
Washington State.

strategy for managing human-elk conflict within
the NCEH range.

Methods

Study Area

We conducted this study in northwest Washing-
ton State on the west side of the North Cascades
mountain range. Our collaring efforts targeted
the eastern Skagit Valley region (48° 52'N, 121°
94' W) between the cities of Sedro Woolley and
Rockport in northern Skagit County, Washington
with some additional collaring in the Acme Valley
region (48° 70'N, 122° 19' W) of south Whatcom
County, Washington (Figure 1). We also targeted
elk groups on industrial timberlands (48° 35' N,
122° 01' W) north of the State Route 20 corridor.
The study area encompassed approximately 650
km?, and was located within Game Management
Units (GMUs) 418 and 437 (including Elk Area
4941). The lowland valley areas (approximately
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400 km?) included mostly private lands with some
federal and state public forest lands interspersed
throughout the region. Elevation ranged from
42 to 170 m. Land cover consisted primarily of
agricultural crops, with riparian forest and ru-
ral residential development dispersed along the
highway corridors and river valley. Agricultural
uses consisted of hay, food crops, and livestock.
The human population in the developed areas
was approximately 6,800 (2016 census data).
The upland forest area (approximately 250 km?)
was primarily private industrial timberlands with
some state forest parcels dominated by Douglas-
fir (Pseudotsuga menziesii) and western hemlock
(Tsuga heterophylla). Western redcedar (Thuja
plicata), red alder (Alnus rubra) and maple (Acer
spp.) also occurred throughout the upland regions.
Forest stand rotation was typically 40 to 60 years
with herbicide applications for the first three years
following harvest. Upland topography was rolling
foothills to mountainous with elevations ranging
from 100 to 1,000 m. The climate was described
as maritime (Franklin and Dyrness 1988) with
annual precipitation ranging from 120 to 300 cm
and annual temperature range of —4 °C to 27 °C
(US Climate Data 2018).

Data Collection

Between 2013 and 2017, we collared at least
one female elk (> 1 year old) in targeted groups
throughout the study area using modified 1.2
m wide x 1.8 m high x 2.4 m long collapsible
(Roperetal. 1971, McCullough 1975, Thompson
et al. 1989) clover traps (Clover 1954) baited
with apples and mineral licks. The NCEH was
thought to be a migratory herd and we selected
our trap sites at known elk use areas across the
landscape using local knowledge and past elk
observations. We captured elk following animal
handling guidelines described in Sikes et al. (2016)
between November 1 and March 31 each year.
All trap sites were monitored with cameras and
Vectronic trap transmitters (Vectronic Aerospace
USA, Iowa, USA) were used to monitor trap activ-
ity. We placed traps on public and private lands
based on elk use and landowner support. We used
Vectronic GPS Plus, GPS Plus Vertex Survey-1D,
and Vertex Lite-4D collars that were programmed
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to take multiple fixes each day (minimum time
interval of 85 minutes between fixes). Collars up-
loaded data via the Iridium or Globalstar satellite
systems. We attempted application of at least one
GPS collar and numbered ear tag in each female
group in order to ensure geographic representation
of the study area population. Locations from one
animal were assumed to be representative of a
group given the aggregated structure of female elk
(Craighead et al. 1973, Van Dyke 2007). Collared
elk were monitored daily for capture myopathy
for four weeks following capture (Beringer et al.
1996). We did not consider male elk distribution
patterns, which are different than females (Peterson
and Weckerly 2017), because the females are the
drivers of population growth.

Data Analysis

We imported our location data into Excel 2016
(Microsoft Corp., Redmond, WA) for sorting and
removal of null locations for each collared animal.
Locations from individual animals monitored in
multiple years were pooled across years. We esti-
mated home range areas (HR) and core use areas
using the Kernel Density Estimation (KDE) tool
of the Spatial Analyst Tool Extension in ArcMap
10.5.1 (ESRI, Redlands, CA) at the 95% exceed-
ance value (Seaman and Powell 1996, Kernohan
et al. 2001). The kernel function with a variable
search radius is based on the quadratic kernel func-
tion as described in Seaman and Powell (1996).
We defined our HRs as utilization distributions
(UDs) or the relative frequency distribution of
an elk’s occurrence in space and time (Keating
and Cherry 2009). The shape of the KDE was
dependent on the search radius or bandwidth used
for the estimation. In Arc 10.5.1, we calculated
the search radius (bandwidth h) based on spatial
configuration and the number of input points. We
selected our bandwidth parameter using the Solve-
the-Equation (STE) method (Jones et al. 1996,
Wand and Jones 1994). This approach corrected
for spatial outliers and was most appropriate given
the size of our dataset (Silverman 1986, Hemson
et al. 2005).

Home range estimates provided a 95% UD for
each female elk. We also estimated core use areas



at a 50% isopleth to identify the most frequently
used spaces within each HR. We estimated HR
and core use areas for the entire period of record
for each female elk group, as represented by the
collared female(s) in each group. To quantify spa-
tial fidelity, we used Median Center in the Spatial
Statistics Toolbox (Kuhn and Kuenne 1962, Burt
and Barber 1996) to calculate median centers
(measure of central tendency) for total datasets
and data pooled for summer (July—August) and
winter (December—February) seasons (Franklin
and Lieb 1979, Geist 1982, Van Beest et al. 2013)
for each female elk. The Median Center Tool uses
an algorithm with candidate median centers that
are refined to minimize the Euclidean distance
to all outlying points in the dataset. We used the
Euclidean distance (km) between summer, winter
and total median centers as a metric of year-round
site fidelity (White and Garrott 1990, Gower et
al. 2009, Gulsby et al. 2011).

We considered three dimensional HR overlap
as an effective measure of joint-space use and
degree of interaction among individuals (Kernohan
et al. 2001, Marzluff et al. 2001, Millspaugh et
al. 2004, Long et al. 2015). This method has been
used to assess spatial organization in a number of
ungulate species including elk (Fieberg and Ko-
channy 2005, Kolbe and Weckerly 2015, Brough
etal. 2017). Congruence of 95% fixed kernel UDs
was measured for overlapping individuals using
UD, (x, y) Utilization Distribution Overlap Index
(UDQI) described in Fieberg and Kochanny (2005).

UDOI'=A;(JJUD; (x,y) UD, (X, y) dx dy)

Where A, ; equals the overlapping area of two HRs
and UD,and UD, equals the utilization distributions
ofanimals i and j. UDOI compares the heterogene-
ity of use within each animal’s HR where overlap
occurs and quantifies the use of shared space.
Values < 1 indicate less congruence in UD than
would be expected from overlapping distributions,
whereas values > 1 indicate greater congruence in
overlapping UD than would be expected (Fieberg
and Kochanny 2005). Because association or
segregation between groups may occur at a finer
scale than UDOI can detect, we also identified

incursion lines between adjacent elk groups with
low to zero UDOI values. We converted GPS fixes
(full period of record) from points to lines using
the Points to Line and Split Line at Vertices tools
in the ArcGIS Data Management Toolbox 10.5.1
resulting in a line segment between consecutive
fixes. We then selected line segments intersecting
adjacent elk groups’ 95% HRs to illustrate incur-
sion tracks between neighboring groups. When
the STE bandwidth (h) calculation did not render
overlapping HRs but fixes overlapped, we manu-
ally selected h iteratively (ranging from 200 to 500
m) until the resulting KDEs overlapped. Given
specific biological questions, it is acceptable to
select bandwidths a priori (Wand and Jones 1995,
Berger and Gese 2007, Jacques et al. 2009, Kie
et al. 2010). This approach allowed us to select
the minimum h required for overlap without
overestimating potential incursions.

Results

Spatial Distribution

We collared 28 female elk in 21 groups that were
determined to be non-migratory sub-herds (term
used synonymously with group) with discrete
year-round HRs (Figure 2). Due to collar failures
and one mortality, we used 23 collars for our
analyses. Group 3 had three collared females
with near identical HRs so we pooled these data
for analyses. The number of location fixes used
to generate HRs ranged from 780 to 13,351 per
group and we analyzed 73,647 locations for all
GPS-collared elk during the study period provid-
ing robust KDEs (Seaman and Powell 1996).
Of the 21 groups identified, 12 were located in
areas with elk damage complaints; therefore, we
considered 12 groups to fall within potential elk
conflict areas (primarily within Elk Area 4941). We
observed variation in HR size with areas ranging
from 1.34-29.79 km? with an elevation range from
11-1,386 m (Table 1). We did not observe typi-
cal migratory elk behavior with increased social
interactions and mixing of HRs during the winter
months. We had one group (#11) with an isolated
patch of locations approximately 46.7 km from
their established HR. These fixes occurred during
the first calving season following capture and did
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eral, female elk in more
developed agricultural
areas had fewer concen-
trated high use areas (at
95% KDE) compared to
female elk in upland in-
dustrial forest or mixed
agriculture and forest
habitats. Female elk in
forested landscapes had
high use areas dispersed
throughout their 95%
HRs compared to elk in
lowland agricultural val-
leys (Figure 3). Female
elk in developed agri-

Figure 2. Home range (95% Kernel Density Estimation) distribution of North Cascades female cultural areas appeared

TABLE 1. Female elk group home range (HR) areas (95%), core use areas
(50%), and elevation ranges, in the North Cascades, Washington.

elk groups (1-21) in northwest Washington State.

Group # 95% HR 50% Core % HR in Elevation
(km?) (km?) Core Range (m)
1 8.68 0.31 4 152-843
2 6.47 0.50 8 72-585
3 1.72 0.02 1 27-266
4 8.46 0.14 1 17-432
5 3.13 0.18 5 176-953
6 9.92 1.13 11 19-357
7 1.34 0.10 7 29-163
8 17.06 1.67 10 117-1170
9 13.96 1.41 10 113-930
10 2.81 0.08 3 40-387
11 16.03 1.47 9 34-1386
12 3.88 0.21 6 32-152
13 2.96 0.26 9 45-1458
14 29.79 0.42 2 180-1189
15 12.80 0.89 7 20-747
16 8.40 0.37 4 11-186
17 6.92 0.33 5 34-343
18 6.25 0.44 7 35-345
19 16.32 1.14 4 59-85
20 21.79 0.60 3 58-170
21 1.65 0.02 1 27-163
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to make use of smaller

ranges with minimal
to solitary high use areas evident
throughout the entire HR. High use
areas within most HRs appeared to
remain stable for the entire period
ofrecord for each collared female.
Year-round 50% core use areas
ranged from 0.02—1.67 km? (Table
1) and appeared to be consistent
over the entire study period for all
groups. Core areas accounted for
< 11% of the overall HR areas for
all groups. Three groups had core
areas that accounted for only 1%
of their overall home range. Core
use areas were similar to the 95%
high use areas with multiple, dis-
persed cores in elk groups inupland
forestlands and fewer cores, often
associated with elk friendly proper-
ties in more developed agricultural
regions (Figure 4).

Site Fidelity

We calculated median centers for
the entire period of record and for
winter and summer seasons for
each collared female. We focused
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Figure 3. Home ranges (95%) with high density use areas for four female elk groups in the North Cascades,
Washington. Groups 3 and 17 were located in developed agricultural areas and Groups 8 and 15 were

located in upland industrial forestlands.
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Figure 4. Home ranges (95%) with 50% core use areas for four female elk groups in the North Cascades, Wash-
ington. Groups 3 and 17 were located in developed agricultural areas and Groups 8 and 15 were located

in upland industrial forestlands.
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of year-round fidelity with-
in the 95% home range.
Small Euclidean distances
between medians reflect-
ed high year-round home
& range fidelity and little shift
in distribution centers from
year to year (Figure 5). Dis-
tances between seasonal
medians and total median
centers were < 3 km with
one exception (Table 2).
Seasonal median distances
from median centers were
< 1 km for 10 of the 21
groups. Four groups (2,
10, 13, and 19) had dis-

Figure 5. Site fidelity in 95% home ranges represented as summer, winter, and total median
centers for 21 female elk groups in the North Cascades, Washington.

TABLE 2. Home range site fidelity of female elk groups
represented as distances from median centers
(summer to total, winter to total, and summer to
winter) in the North Cascades, Washington.

Summer to Winter to Summer to
Group # Total (km) Total (km) Winter (km)
1 0.36 0.69 1.03
2 0.13 0.29 0.39
3 0.09 0.51 0.61
4 1.10 0.58 0.80
5 2.40 0.55 1.87
6 0.83 2.80 3.49
7 0.78 0.05 0.80
8 2.23 0.13 2.32
9 1.83 2.01 3.77
10 0.51 0.61 0.15
11 2.83 0.52 2.99
12 0.52 0.55 1.03
13 0.49 0.84 0.39
14 0.52 1.91 2.38
15 1.19 0.91 2.09
16 1.06 0.78 1.83
17 0.78 0.55 1.32
18 0.33 4.67 4.99
19 0.30 0.07 0.24
20 0.51 1.32 1.52
21 0.29 0.63 0.90
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tances between summer
and winter medians of <
0.4 km (Table 2), indicat-
ing they spent the majority
of their time in the same general area year-round
(Figure 6). In general, summer to winter median
distances were greater in the female elk groups
associated with industrial forestlands (> 1.5 km).
However, the greatest summer to winter median
distance was 4.99 km and occurred in a lowland
female group that eventually split into multiple
adjacent groups.

Home Range Overlap

The geographical distribution of the HR and
core areas showed minimal interchange between
female elk groups. For all 21 groups, we had nine
UDOI values greater than zero and only three
groups had UDOI values of > 0.6 indicating that
these groups spatially overlapped and may have
interacted during the study period (Table 3). The
remaining six UDOI values were < 0.5 indicating
little spatial overlap in HR during the study period.
We identified four groups that appeared to have
ranges adjacent to each other but had low (0.001)
or zero UDOI values. For these groups, we identi-
fied track lines of incursion into adjacent groups’
HRs using manually selected bandwidths and STE
bandwidths (Figure 7). In the example of groups
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Figure 6. Site fidelity in 95% home ranges represented as summer, winter, and total median center distances (km) for four female

elk groups in the North Cascades, Washington.

TABLE 3. Three-dimensional home range overlap of female
elk groups calculated using the Utilization Dis-
tribution Overlap Index (values > 0 displayed) in
the North Cascades, Washington.

Group # A Group # B UDOI Value

19 20 1.211
8 9 0.766
11 17 0.669
17 18 0.482
3 21 0.293
11 18 0.119
6 7 0.038

14 0.009
1 8 0.001

10 and 12 and 10 and 3 (UDOIs = 0), the incur-
sions into each HR appeared to be clustered near
the edges of the ranges with the lowland groups

(3 and 12) showing a greater number of incursion
tracks into the upland forest group (10). Lowland
valley groups 3 and 12 (UDOI = 0) show incur-
sions with a greater number of attempts made by
group 3. Forest groups 1 and 8 (UDOI = 0.001)
showed almost equal numbers of incursions and
track lines were visible using the standard STE
bandwidth selection.

Discussion

Our data suggest that female elk groups in the
NCEH are sedentary and do not display typical
migratory behavior (Shoesmith 1979, Rudd et al.
1983, Brough et al. 2017). This is true for NCEH
groups in upland industrial forests and in lowland
agricultural areas. Tabor (1976) stated that Rocky
Mountain elk translocated to western Washington
were non-migratory and remained in lowland areas
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Figure 7. Incursion track lines between 95% home ranges of female elk groups in the North Cascades, Washington. Groups 3 and
12 were located in developed agricultural areas and Groups 1, 10, and 8 were located in industrial forestlands. Utiliza-
tion Distribution Overlap Index values between all groups except 1 and 8 (UDOI = 0.001) were zero. High density use

is represented as dark areas within each home range.

year-round. Our collared elk maintained discrete
year-round HRs with well-defined boundaries
during the study period regardless of human
disturbance. These ranges were relatively small
in size and in some cases in close proximity to
each other. Consequently, managers can address
elk conflict issues by strategizing damage con-
trol actions on a group by group basis. Conover
(2001) suggests that managing local groups (or
sub-herds) in stable habitats as opposed to entire
populations is an effective method of reducing
wildlife damage complaints.

Given the stable year-round HR distributions,
targeted damage hunts or general hunting activities
did not appear to influence the spatial organization
of female groups across the landscape during our
study period (i.e. elk did not leave established
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HRs during hunting seasons). With an elk herd
that is currently between 1400 and 1600 animals,
depredation hunts that target approximately 35%
of the herd (with a cow preference) should be
implemented with caution while the NCEH recov-
ers throughout its range. In addition to controlling
group size, understanding high use areas within
HRs in elk conflict zones may allow manag-
ers to manipulate elk movement and behavior.
Core areas are used more frequently than other
areas and may contain refuge sites and the most
dependable resources (Vander Wal and Rodgers
2009, Van Beest et al. 2001). Given that core areas
accounted for < 11% of the overall ranges for all
groups, we can target spatially appropriate habitat
manipulation strategies. All HRs in agricultural or
developed areas contained some conflict properties



with elk damage complaints. However, with the
exception of group 2, we found that the 50% cores
of female groups in more developed agricultural
areas were located on known elk friendly or elk
tolerant properties. Given these results, managers
could use a combination of lethal and non-lethal
strategies (e.g. elk exclusion fences and forage
enhancement) to regulate group size, block re-
sources, and improve forage quality to minimize
elk movement into elk intolerant zones. Our data
show that female elk groups recognize elk tolerant
zones and will use these areas year-round if stable
resources are available. Therefore, managers can
work with private and public landowners willing
to support elk to create refuge areas along with
using harvest as a means of regulating population
size. Depredation hunts alone may not be the
most effective short-term or long-term strategy
in the NCEH range given the year-round home
range site fidelity.

In response to methods such as damage hunts
or hunter presence, female groups in the NCEH
appear to demonstrate a behavioral shift (avoid-
ance effects such as going nocturnal, seeking
cover) as opposed to a shift in spatial distribution
(Visscher et al. 2017). This means that hunting
and hazing activities (regardless of season length)
may not be successful at pushing elk groups out
of conflict zones. A more effective strategy to
reduce conflict and possibly group size is remov-
ing access to preferred resources through fencing
or landscape changes such as crop selection and
habitat enhancement in elk tolerant zones. Nixon
et al. (1989) reported that crops closer to cover
may be more vulnerable to damage. Given the
salmon recovery focus in Washington State,
many agricultural lands are adjacent to protected
riparian forest. Therefore, altering the landscape
in terms of cover habitat removal is not realistic
in the NCEH range. In some instances, it may be
possible for farmers to plant crops further away
from cover to reduce ease of access.

Contrary to other studies that show larger HRs
and dispersion patterns in response to human
presence (Wertz et al. 1996, Millspaugh et al.
2000, Conner et al. 2001, Vieira et al. 2003), our
collared elk maintained small ranges regardless

of disturbance (e.g. hunting, hazing, land use).
Distances between summer and winter median
centers for collared elk groups were <2 km for
17 of the 21 groups. Bender and Haufler (1999)
suggested that a stable resource base influences
spatial fidelity on the landscape. Retention of
HRs may be due to cognitive approaches such as
spatial memory and preference for familiar areas
(Greenberg 1984, Linnell and Anderson 1995,
Stamps and Karishnan 1999, Wolf et al. 2009)
or memory of resource quality (Thorndike 1911).
Group organization and stability may be based
on group size (mostly by reproduction within the
group) and composition through time as social
bonds and hierarchies develop (Franklin and Lieb
1979, Geist 2002). The stability and leadership
of adult cows may allow the groups to respond
to specific changes in the environment (Wilson
1975, Weckerly 1999) and the resulting spatial
clustering may reduce competition (Thouless and
Guinness 1985, Crampe et al. 2007).

We observed spatial distributions of female elk
groups with little overlap. Four groups showed
occasional mixing and two groups overlapped
enough (UDOI = 1.21) that they were considered
a single group. Groups with some social famil-
iarity may combine over time because recent or
distant bonds allow for some association (Lieb
1968, Franklin and Lieb 1979). Wiseman et al.
(2006) suggested that HR overlap occurred when
female offspring established ranges in or near
their mother’s social group. Spatial attachment
and social affinity that develop in the first years
of'a female’s life could explain some of the group
overlap and interaction (Crampe et al. 2007).
Our incursion maps indicate that several groups
were closely organized on the landscape, but not
necessarily interacting. This means that groups in
conflict zones could be preventing more elk from
moving into the area. Managers need to incorporate
this concept into management strategies because
removal or near removal of an entire female
group could allow an adjacent group to move
into what may be more desirable habitat. We are
recommending a knowledge-based management
approach followed by monitoring outcomes and
adapting the approach as necessary. The carrying
capacity of elk habitat in northwest Washington is
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not currently limiting the growth and expansion
of the NCEH (WDFW 2014). Managers may be
most effective at controlling elk in conflict zones
on a group by group basis using a combination of
techniques to manipulate behavior, block resource
access and regulate group size with the overall
goal of influencing spatial organization without
removing elk from the landscape altogether.

In order to maintain stable female elk groups on
the landscape and minimize human-elk conflict, we
need to determine if there is a group size threshold
and how much harvest a group can sustain before
becoming vulnerable to displacement. We also
need to investigate habitat composition in core
areas and identify associations (e.g. wetlands,
forest cover) that are critical for group stability
and site fidelity, with consideration of climate
change vulnerability. Seasonal fidelity and socially
informed movement models (Jonsen et al. 2003,
Morales et al. 2004, Haydon et al. 2008) could
also help us refine management strategies along
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