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Abstract
The spatial distribution and seasonal movement patterns of isolated populations of mountain goats
(Oreamnos americanus) in the North Cascade range of Washington State is not fully understood.
Determining harvest potential in these populations is challenging without a clear understanding of
spatiotemporal movement, space use, and spatial overlap. Mountain goat populations in the North
Cascades are fragmented and many have declined considerably from historic estimates. Identification of
harvestable populations requires a clear understanding of population size, distribution, and movement.
We investigated the population trends and spatial distribution of mountain goats in the Boulder River
North Harvest Area in the Boulder River Wilderness of Washington State. We reviewed recent mountain
goat population estimates and used Global Positioning System collar data to determine year-round and
seasonal home range distributions, spatial overlap within these ranges, and proximity of mountain goats
to roads and trails. We found 2 populations of mountain goats inhabiting the Whitehorse and Three
Fingers Mountains in the Boulder River North Harvest Area. These 2 populations were spatially distinct
and did not intermix during our study period. We also found mountain goats using exclusive areas
seasonally on Whitehorse Peak. The Whitehorse population appeared to be more vulnerable to harvest
than Three Fingers based on its proximity to roads and trails. This study provides space use and
movement information on mountain goats in the North Cascades Range that can be used to improve
harvest management of fragmented and isolated populations. Our results indicate that a re-evaluation of
harvest level, harvest unit boundary, and monitoring strategy may be warranted for the Boulder River
North mountain goat harvest area.

Introduction
The population trends and spatial distribution of mountain goats (Oreamnos americanus) are important
considerations for long-term sustainability for populations subject to harvest. Distinct populations can
vary substantially in density, habitat use, hunter accessibility, and social interaction (Cȏtè, 2000;
McDonough et al., 2008). Managers consider these factors along with movement and space use patterns
when creating mountain goat harvest areas and promoting long-term sustainable harvest of the species.
Mountain goat populations in the Cascade Range are a significant cultural resource and provide
important subsistence and ceremonial opportunities for Native American tribes (Ballard, 1977; Wigal et
al., 1982). Therefore, the long-term persistence of mountain goats on the landscape is essential to
protecting tribal treaty rights. Mountain goat populations in the North Cascade Range are currently comanaged by the Washington Department of Fish and Wildlife and the tribes signatory to the Treaty of
Point Elliott.
Mountain goats are native to the Cascades (Johnson, 1983; Cȏtè & Festa-Bianchet, 2003) and occur in
fragmented populations throughout their historic range (Rideout, 1978; Shirk et al., 2010). Overall
abundance of mountain goats in Washington State has declined substantially since 1950 (Rice & Gay,
2010; Rice, 2012) when populations were thought to have exceeded 10,000 (Johnson, 1983). Population
declines of mountain goats in Washington have been attributed primarily to historical overharvest (Rice,
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2012). Due to declining populations, a permit only harvest system was established in 1948 and in 1957
permits were allocated according to 10 management areas (Johnson, 1983; Rice & Gay, 2010). By 1981,
those 10 areas were subdivided into 40 smaller areas with subsequent area closures and permit
reductions to present day.
Mountain goat populations are believed to be sensitive to overharvest and are slow to recover from
population decline (Cȏtè & Festa-Bianchet, 2003; Hamel et al., 2006; Festa-Bianchet & Cȏtè, 2008). In
addition, there appear to be strong effects of population size and group distribution on long-term viability
of populations (Cȏtè & Festa-Bianchet, 2003). If a harvestable population is composed of small distinct
subpopulations, vulnerability may be influenced by the degree of group interactions, migration, home
range, and accessibility (Rideout, 1974; Lande et al., 2003). Harvestable populations require a
fundamental understanding of population dynamics and spatial structure influences population
dynamics (Jonzén et al., 2001). Harvest rate can vary by space and consequently place some
populations at greater risk of overexploitation. Terrestrial wildlife management traditionally uses
maximum sustainable yield without consideration of spatial distribution on the landscape (Ling & MilnerGulland, 2008). Spatial dimension could be useful in the management of fragmented populations,
specifically where there is an assumed spatially structured metapopulation (McCullough, 1996).
Utilization distributions can be used to identify spatiotemporal overlap between human activity and
animal movement (Chilvers et al., 2011). Determining harvest potential for sensitive or declining
populations of game species requires an understanding of home range and migration patterns.
While some mountain goat populations in Washington State are slowly recovering, others such as
those in the Boulder River Wilderness are still declining or remaining static (Rice & Gay, 2010). The
Boulder River North Harvest Area (BRNHA) is located within the Boulder River Wilderness in the Mount
Baker Snoqualmie National Forest. The harvest area comprises 2 major mountains, Whitehorse and
Three Fingers. The current management strategy infers that these peaks are inhabited by subpopulations
of mountain goats (WDFW, 2019). Mountain goat populations that are surveyed annually and meet or
exceed population guidelines described in Washington Department of Fish and Wildlife (WDFW, 2014) are
considered for recreational hunting (WDFW, 2018). Many of the survey units in the North Cascades are
large (Rice et al., 2009) and data from more than 1 subpopulation are often combined to estimate harvest
unit totals.
Based on population numbers from aerial surveys (2012-2014), the Washington State Department of Fish
and Wildlife initiated a modest harvest in the BRNHA under the assumption that the area met the
population requirements of > 100 animals within a contiguous area (WDFW, 2014). Boulder River North is
believed to have a non-kid population of > 100 goats (Washington Department of Fish and Wildlife
unpublished data) with combined counts from the Whitehorse and Three Fingers subpopulations that
occur within the harvest area. Even with past research efforts, there are still unknowns about the spatial
distribution and consequently harvest potential of mountain goats in this region. In an effort to address
this, our objectives were to 1) review regional mountain goat population trends, 2) investigate movement
and variation in space use patterns to determine population structure, and 3) determine vulnerability of
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mountain goats to harvest and human disturbance within the current BRNHA boundary based on
seasonal distributions relative to roads and trails.

Methods

Study Area
We studied mountain goats in the federally designated Boulder River Wilderness (199.68 km2 area),
within the Mount Baker Snoqualmie National Forest of Washington State. Our focal area was the BRNHA
(120.85 km2) with elevation ranges from 200 m to 2,100 m above sea level (Figure 1). The BRNHA
contained the survey blocks for Whitehorse and Three Fingers mountain goat populations and was
characterized by continuous alpine habitat interspersed with drainages, cliffs, alpine lakes, broken terrain,
and subalpine forest.
Mountain goats occurred in multiple habitat zones including western hemlock (Tsuga heterophylla),
mountain hemlock (Tsuga mertensiana), Pacific silver fir (Abies amabilis), subalpine fir (Abies

lasiocarpa), and alpine meadows. The average annual precipitation was 2,064 mm (NOAA, 2020). Alpine
plant communities were composed of a mosaic of sedges, grasses, rushes, herbs, forbs, and ericaceous
shrubs. Avalanche chutes were common and were distributed throughout the study area bisecting all
plant community types.

Data Collection
Co-managers worked cooperatively to conduct annual helicopter surveys of mountain goats during the
months of July and August between 2012 and 2018 in the Boulder River Wilderness. We determined nonkid population estimates (90% CI) using the sightability correction method (Rice et al., 2009). This
method was introduced as a binary logistic-regression model that adjusted for visibility bias in wildlife
populations (Steinhorst & Samuel, 1989). Co-managers conducted surveys in 6 units in the Boulder River
Wilderness including the Whitehorse and Three Fingers units within the BRNHA (Figure 1). Co-managers
estimated the Whitehorse and Three Fingers subpopulations from surveys conducted in the survey blocks
shown in Figure 1.
We collared 13 mountain goats in August 2016 via aerial net gunning and chemical immobilization. All
capture and handling protocols followed guidelines outlined in Sikes et al. (2016). We targeted female
and male mountain goats in the vicinity of Whitehorse and Three Fingers peaks. We applied Global
Positioning System (GPS) Globalstar and Iridium tracking collars (SURVEY and VERTEX Lite collars;
Vectronic Aerospace, Berlin, Germany) with fix intervals of 12 hours and 85 minutes respectively. We
monitored collars between August 2016 and October 2019 and when possible responded to mortality
events for necropsies and collar recoveries. Telemetry data obtained from individual mountain goats were
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pooled among years for estimating individual home range and core use areas. Data were also pooled
among individuals to determine utilization distributions for each subpopulation.

Data Analyses
We used the Kernel Density Estimation (KDE) tool of the Spatial Analyst Tool Extension in ArcMap 10.5.1
at the 95% exceedance value and seasonal 50% utilization distribution isopleth respectively (Seaman &
Powell, 1996; Kernohan et al., 2001). For comparisons across home range levels, we conducted
multiscale assessments of home range values and joint space use for a comprehensive evaluation of
distributional differences (Clapp & Beck, 2015). We calculated the bandwidth (h) based on spatial
configuration and the number of input points. We selected our h parameter using the Solve-the-Equation
method (Jones et al., 1996; Wand & Jones, 1994). This approach corrected for spatial outliers and was
most appropriate given the size of our dataset (Silverman, 1986; Hemson et al., 2005). We defined
seasons based on the median seasons identified in Rice (2008) where the winter season was October
20th to June 5th and the summer season was from June 6th to October 19th. This seasonal definition
acknowledged the differences in local spatial and temporal variations for individuals by using median
dates derived from seasonal altitudinal movements in the Cascade Range of Washington State.
We examined three dimensional home range overlap among collared mountain goats as a means of
evaluating joint-space use and degree of interaction among individuals (Kernohan et al., 2001;
Millspaugh et al., 2004; Long et al., 2015). We used this method to assess spatial organization in
mountain goat populations similar to how others evaluated space use sharing in ungulate species
(Fieberg & Kochanny, 2005; Inselman et al., 2016). We calculated a Utilization Distribution Overlap Index
(UDOI) to compare the heterogeneity of use within each mountain goat's home range where overlap
occurred and quantified the use of shared space. We calculated UDOI values for 95% home ranges (total
and seasonal) and 50% seasonal cores as a means of evaluating overlap at 2 spatial scales. This
utilization distribution index is similar to the Hurlbert index of niche overlap that assumes subpopulations
use space independently of one another (Hurlbert, 1978). Values range from zero (no overlap) to 1 (100%
overlap) and can be > 1 if both utilization distributions are non-uniformly distributed and have a high
degree of overlap.
We calculated density of roads and trails within the 95% home range areas of the Whitehorse and Three
Fingers subpopulations. We measured Euclidean distances of all mountain goat telemetry locations to
the nearest road or recreational trail to evaluate the vulnerability of mountain goats within the BRNHA to
hunter access and disturbance. We combined primary, secondary, and tertiary roads (both open and
closed) along with trails in a single analysis for both populations. We calculated minimum, maximum,
and mean Euclidean distances using all fix locations for each collared mountain goat (Rowland et al.,
2000). We also calculated frequency of fix distributions by combining all fix locations within the harvest
area boundary for each subpopulation by season (summer and winter) in relation to the nearest road or
trail.
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Results

Population Trends
Based on the 2012-2018 sightability correction estimates, the mean population estimate of mountain
goats in the BRNHA was 112 ± 13 (Figure 2). The mean population estimates for the Whitehorse and
Three Fingers subpopulations were 66 ± 14 and 53 ± 12, respectively. The individual non-kid population
estimates for each subpopulation did not approach or exceed 100 for any year surveyed.

Whitehorse and Three Fingers Subpopulation Distributions
Of the 13 mountain goats collared, we analyzed location data from 8 animals (6 females, 1 adult male,
and 1 young male) due to incomplete datasets and relevance to the project focal area. We selected data
sets that contained a minimum of 11 months of telemetry location records and occurred within the
BRNHA. Estimated ages for collared mountain goats used for analyses ranged from 2 – 9 years and the
number of location fixes per mountain goat ranged from 572 to 5,931. For the project period, we analyzed
a total of 15,354 locations providing robust KDEs. Of the 8 collared mountain goats analyzed, 5 (4
females and 1 adult male) resided on Whitehorse Mountain and 3 (2 females and 1 young male) resided
on Three Fingers Mountain.
We combined data from collared mountain goats by their respective peaks and calculated 95% home
range areas for the Whitehorse and Three Fingers subpopulations (Figure 3). The 95% home ranges of
the Whitehorse and Three Fingers subpopulations were separate and distinct during the project period.
The Whitehorse subpopulation resided almost entirely within the BRNHA with 96% of fixes occurring
inside the harvest area boundary. In contrast, only 10% of the Three Fingers subpopulation occurred
inside the area boundary with the greatest utilization distributions occurring outside the harvest area. The
Whitehorse 95% home range area was 9.09 km2 and the Three Fingers 95% home range area was 5.33
km2 and fix elevations ranged from 200 to 1,928 m and 558 to 1,841 m respectively. The Whitehorse and
Three Fingers aerial survey units encompassed a portion of the 95% home ranges with some utilization
distribution areas occurring outside the survey units (Figure 3). Summer 50% core areas occurred within
the survey blocks for both subpopulations. Collared mountain goats in both the Three Fingers and
Whitehorse subpopulations had distinct summer and winter 50% core areas distributed within the vicinity
of their respective peaks.

Whitehorse Spatial Distribution
We calculated 95% home ranges for each collared mountain goat in the Whitehorse subpopulation
(Figure 4). Home range areas ranged from 3.72 to 14.18 km2 with an elevation range from 200 to 1,928 m
(Table 1). Utilization Distribution Overlap Index values for female mountain goats with intersecting home
ranges ranged from 0.03 to 0.93 at the 95% KDE isopleth with only 2 instances of overlap > 0.50 (Table
Page 6/25

2). We examined seasonal spatial distribution at both the 95% and 50% isopleth levels (Figure 5). We
found the 95% summer distributions of females 19243, 19245, and 27357 were in close proximity with
minimal overlap. The 50% seasonal core areas for these individuals were spatially separate on the
landscape. We calculated UDOI for both 95% summer and winter ranges and 50% seasonal core use
areas (Table 2). The summer UDOI95 values indicated little to no spatial overlap between collared female
mountain goats. Winter UDOI95 values indicated small to moderate levels of overlap between all collared
females with 2 animals (19243 and 19246) showing complete overlap (UDOI95 winter = 1.03). We found
a decrease in joint space use in the 50% seasonal core areas and no evidence of range overlap in the
summer 50% cores with the exception of two females (19243 and 19245, UDOI50 = 0.02). Winter core
areas produced only 3 UDOI50 values > 0. Seasonal home range size varied by individual with 95%
summer areas ranging from 1.03 to 6.92 km2 and 95% winter areas ranging from 0.47to 8.44 km2 (Table
1). Summer core areas ranged from 0.07 to 0.33 km2 and winter core areas ranged from 0.07 to 0.87 km2.

Three Fingers Spatial Distribution
Unlike the Whitehorse population, mountain goats on Three Fingers had almost complete overlap with no
exclusive home range areas at the 95% KDE (Figure 6). Home range area (95%) ranged from 4.43 to 7.46
km2 (Table 1). The young male (19248) had the largest home range area with spatial overlap with both
adult females. We found high UDOI values for all 95% ranges with values > 1 indicating complete overlap
(Table 3). We evaluated seasonal spatial distributions at both the 95% and 50% isopleths and found
substantial overlap in both the summer and winter 95% seasonal home ranges (Figure 7). Similar to
Whitehorse, the 50% seasonal core areas had little overlap with the exception of female 27353 and young
male 19248. These individuals appeared to be in the same group and maintained overlap (UDOI50 = 0.20)
in the seasonal core areas. Seasonal 95% home range sizes ranged from 1.60 to 4.26 km2 (summer) and
0.78 to 5.50 km2 (winter). Core areas (50%) ranged from 0.16 to 0.41 km2 (summer) and 0.04 to 0.93 km2
(winter). Indices of home range area did not differ (P > 0.05) between summer and winter for both the
HR95 and HR50.

Proximity to Roads and Trails
Trail densities for the 95% home range areas of Whitehorse and Three Fingers subpopulations were 0.18
km/km2 and 0.09 km/km2 respectively. We calculated minimum, maximum and mean Euclidean distance
to roads and trails for all collared individuals (Table 4). Collared mountain goats in the Whitehorse
subpopulation had smaller minimum distances to roads and trails than collared goats on Three Fingers
with the exception of the adult male (19244). We examined the frequency of fix distributions within the
harvest area boundary by season for each population and found a higher frequency of fixes closer to
roads and trails during the winter season (Figure 8). During the winter season, 49% of Whitehorse
subpopulation fixes occurred at ≤ 1,000 m from roads and trails and during the summer 63% of fixes
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occurred at ≥ 2,000 m. The Three Fingers subpopulation showed little difference in distance from roads
to trails seasonally. Available registry data for trails leading into the Whitehorse and Three Fingers 95%
home range areas indicated more trail use year-round within the Whitehorse subpopulation home range
compared to Three Fingers. The 3-year average (2016-2018) for combined Whitehorse trail use was 8,237
users and Three Fingers had an average of 203 users over the same time period (United States Forest
Service unpublished data).

Discussion
This study provides space use and movement information on mountain goats in the North Cascades
Range that can be used to improve harvest management of fragmented and isolated populations. Our
results suggest that Whitehorse and Three Fingers could be two distinct populations that do not intermix.
Whitehorse mountain goats appear to be more vulnerable to human access and disturbance than the
Three Fingers population based on spatial distribution and current known trail use and accessibility.
Regardless of population size, the distribution and accessibility of each population could increase the
vulnerability of overexploitation or extirpation with or without harvest.
Current Washington Department of Fish and Wildlife guidelines limit harvest to 4% or less in mountain
goat populations with > 100 animals within a contiguous area, with harvest rate reduction occurring if
female removal exceeds 1.2% of the non-kid population during a 3-year period (WDFW 2018). This
harvest strategy is based on previous studies that recommend managing mountain goat populations as
a collection of smaller subpopulations with distinct female groups and males that may intermix [Rice &
Gay, 2010; Rice 2008). The sustainability of this approach is based on male-only harvest in populations
that are > 50 animals (McDonough & Selinger, 2008; Hamel et al., 2006; Gonzalez Voyer et al., 2003), but
this harvest approach may be detrimental for smaller groups where population recovery is desired.
We found that 96% of locational fixes for mountain goats on Whitehorse occurred inside the harvest area
boundary while only 10% of fixes for goats on Three Fingers occurred within the harvest area. This
variance in habitat use indicates that there could be < 100 mountain goats in the contiguous area that is
considered the BRNHA. The Three Fingers population utilization distribution is primarily outside the
harvest area boundary. Given the variation in space use within the BRNHA, the majority of harvest
pressure could be on the Whitehorse population, which is < 100 animals (3-year sightability x̄ = 66.33, σ =
14.01). Similarly, the Three Fingers non-kid population numbers have been consistently < 100 animals (3year sightability x̄ = 53.00, σ = 12.53) and KDE core use analyses indicate primary distribution during the
harvest season (September 1 – December 31) was outside the harvest area.
Our data indicated that the Whitehorse and Three Fingers populations were spatially separate and did not
function as a classic metapopulation during our study period. While our sample size was limited,
previous studies in the region support the need for understanding mountain goat group interactions in
hunted populations (Rice, 2010). We did not examine habitat patch use and habitat suitability within our
study area in relation to spatial distribution. However, size and distribution of mountain goat habitat
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characteristics have been documented in Washington State (Wells et al., 2012; Harris et al., 2017). There
was no visible explanation for population separation and lack of movement between Whitehorse and
Three Fingers Peaks, although there were specific areas void of telemetry locations between the two
populations. These areas did not appear to be different in terms of geology, landscape characteristics, or
vegetation composition from adjacent areas occupied by collared mountain goats. While it is unclear
how social dynamics and group size influence the spatial distributions of mountain goat populations, it is
possible that social interactions could have influenced the spatiotemporal movement patterns of collared
goats in our study area.
Unlike other ungulates, mountain goats do not preferentially seek out relatives to form subgroups (FestaBianchet & Cȏtè, 2008; Festa-Bianchet, 1991). Adult female mountain goats maintain a stable and linear
hierarchy and are often aggressive to each other during encounters (Cȏtè, 2000; Fournier & FestaBianchet, 1995). Avoidance behavior may keep adjacent populations from mixing and social
organization can change rapidly over space and time (Festa-Bianchet & Cȏtè, 2008). Furthermore, adult
females typically display fidelity to their summer home ranges areas (Fox et al., 1989; Houston et al.,
1994). We observed spatial separation with the adult male and levels of separation between collared
females seasonally. Small mountain goat populations in rugged terrain may have more solitary
individuals due to a reduced need for antipredator protection (Festa-Bianchet & Cȏtè, 2008). These small
populations could be subject to overharvest and eventual extirpation.
In addition to harvest limits, hunter accessibility to small populations of mountain goats can increase the
vulnerability of extirpation. In the BRNHA, the Whitehorse population appears to be more vulnerable to
harvest than the Three Fingers population due to accessibility and the spatial distribution of goats in the
Whitehorse home range areas. Collared mountain goats on Whitehorse had more locational data close to
roads and trails and 96% of location fixes occurred inside the harvest area. State harvest data indicate
that mountain goats are being harvested in the vicinity of trails primarily from the Whitehorse population
(Washington Department of Fish and Wildlife unpublished data).

Management Implications
Given our study’s support for the existence of two mountain goat populations in the BRNHA, the
size, distribution, and movement of each population should be considered in harvest management.
Although the apparent stability in population estimates and combined population totals may justify
allowing a limited harvest in Boulder River North, we recommend a harvest strategy that addresses
management of the Whitehorse and Three Fingers mountain goats as separate populations. Our results
suggest that the current mountain goat harvest strategy should restrict harvest in the BRNHA until there
are > 100 mountain goats in each of the Whitehorse and Three Fingers populations. Because mountain
goats in the Cascades Range are co-managed between the state and Native American tribes, harvest
strategies should promote population growth and sustainability to provide equal harvest opportunity for
all hunters.
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If harvest eligibility of a population is based on a minimum of 100 animals within a contiguous area,
there is a need to clearly define what constitutes a contiguous area and how that area is identified on the
landscape in relation to mountain goat space use and movement. Regardless of geographic connectivity
within a contiguous area, the social dynamics of mountain goats may inhibit the likelihood of a
metapopulation structure within the greater area. Our study suggests that for harvest to continue in the
BRNHA, the harvest area boundary should be adjusted to incorporate a wider distribution of mountain
goats to minimize overharvest of a single population. Managers can only control hunter distribution by
setting precise geographic boundaries that are appropriate for known spatial distributions of mountain
goats (Bailey 1986). A redefined harvest area could also balance accessibility and harvest pressure on
the Whitehorse population and provide added refuge habitat. This would be consistent with the state’s
position that harvest areas should have dispersed hunter access to prevent overharvest of smaller
groups.
We recommend annual population surveys until population estimates are > 100 and demonstrating
continual growth with additional consideration of raw counts associated with collared individuals as a
means of monitoring subpopulations within the Whitehorse and Three Fingers range areas. We also
recommend revising the sightability correction model to provide a 95% confidence interval on estimates.
We agree with the set mitigation for restricting harvest for at least one year if a female is harvested and
support the mandatory carcass inspection instituted in 2015. We suggest an annual evaluation of
acceptable harvest, vital rates, population size, and harvest location. Further investigation into the role of
social dynamics and understanding other vulnerability risks will also be important for ensuring the
persistence of mountain goats on the landscape.
Mountain goats are likely to be impacted by current and future climatic changes and understanding
which populations are under the most climate-related stress will be important in coming years (Epps et
al., 2004). In regions of Alaska, it is predicted that climate change will lead to the extinction of the
majority of mountain goat populations before 2085 (White et al., 2017). Warmer temperatures during the
last 30 years have affected the function and composition of ecological communities and the phenology
and distribution of many species (Jonzén et al., 2001). Mountain goats lack the flexibility of other large
mammals to adapt to rising temperatures and a dependence on snowy habitat puts their populations at
risk (Sarmento et al., 2019). Furthermore, little is known about how a changing climate might affect the
social dynamics of mountain goat populations, especially those with limited immigration and emigration.
Monitoring habitat fragmentation, food availability and predator detection capability along with restoring
population connectivity will be necessary to ensure long-term genetic sustainability and buffer the effects
of climate change (Epps et al., 2006). Restoring populations in vacant historic habitat and augmenting
existing populations such as Whitehorse and Three Fingers could prevent extirpation or decline and
increase harvest potential in the future.
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Tables
Table 1 Individual mountain goat home range (95%) areas, seasonal core (50%) areas, and elevation
ranges within the Whitehorse and Three Fingers subpopulations in the Boulder River Wilderness,
Washington State, USA (August 2016-October 2019).
Animal
ID

Population

Sex/life
Stage
(years)

95%
Home
range
area
(km2)

95%
Summer
range
area
(km2)

95%
Winter
range
area
(km2)

50%
Summer
core
area
(km2)

50%
Winter
core
area
(km2)

Elevation
range
(m)

19243

Whitehorse

Female/34

10.16

3.22

6.67

0.30

0.87

3541844

19244

Whitehorse

Male/7

1.36

1.03

0.47

0.07

0.07

7341850

19245

Whitehorse

Female/4

10.54

6.92

1.14

0.33

0.06

4891928

19246

Whitehorse

Female/6

14.18

2.45

8.44

0.17

0.82

5701887

27357

Whitehorse

Female/6

3.72

2.60

3.06

0.16

0.31

2001861

19247

Three
Fingers

Female/45

4.43

1.60

0.78

0.16

0.04

7301692

19248

Three
Fingers

Male/2-3

7.46

4.26

5.50

0.26

0.93

6881723

27353

Three
Fingers

Female/9

4.93

3.11

1.54

0.41

0.07

6161841
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Table 2 Home range overlap calculated using the Utilization Distribution Overlap Index (UDOI) for collared
mountain goats in the Whitehorse subpopulation in the Boulder River Wilderness, Washington State, USA
(August 2016-October 2019).
Animal ID

UDOI95

UDOI95 Summer

UDOI95 Winter

UDOI50

UDOI50

Summer

Winter

19243-19244

0

0

0

0

0

19243-19245

0.47

0.09

0.24

0.02

0.27

19243-19246

0.68

0.02

1.03

0

0.02

19243-27357

0.04

0

0.16

0

0

19244-19245

0

0

0

0

0

19244-19246

0

0

0

0

0

19244-27357

0

0

0

0

0

19245-19246

0.93

0.43

0.31

0

0.04

19245-27357

0.04

0.01

0.06

0

0

19246-27357

0.03

0.01

0.15

0

0

Table 3 Home range overlap calculated using the Utilization Distribution Overlap Index (UDOI) for collared
mountain goats in the Three Fingers subpopulation in the Boulder River Wilderness, Washington State,
USA (August 2016-October 2019).
Animal ID

UDOI95

UDOI95 Summer

UDOI95 Winter

UDOI50

UDOI50

Summer

Winter

19247-19248

0.71

0.47

0.28

0.01

0.03

19247-27353

1.01

0.64

0.35

0.01

0

19248-27353

1.07

0.63

0.34

0.20

0.20
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Table 4 Distance to roads and trails (combined) from locational fixes of collared mountain goats in the
Whitehorse and Three Fingers subpopulations in the Boulder River Wilderness, Washington State, USA
(August 2016-October 2019).
Subpopulation

Animal
ID

Minimum Distance
(m)

Maximum Distance
(m)

x̄
(m)

Whitehorse

19243

0.23

3,594.60

1,967.30

31.29

Whitehorse

19244

473.27

3,316.39

2,167.30

21.16

Whitehorse

19245

0.04

3,493.07

1,016.52

28.20

Whitehorse

19246

0.01

3,535.95

1,827.91

39.60

Whitehorse

27357

11.23

3,567.67

1,338.56

8.84

Three Fingers

19247

119.77

2,249.32

1,045.54

25.82

Three Fingers

19248

22.65

2,493.34

1,298.65

15.21

Three Fingers

27353

49.78

2,248.02

978.06

12.89
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σ x̄

Figure 1
Mountain goat study area including the Boulder River North Harvest Area, mountain goat aerial survey
blocks, roads, and trails, within the Boulder River Wilderness, Washington State, USA. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.

Page 18/25

Figure 2
Sightability correction mountain goat population estimates (90% CI) for the non-kid population (adult +
yearling) by year for the Whitehorse and Three Fingers subpopulations in the Boulder River Wilderness,
Washington State, USA.
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Figure 3
Home range (95%) distribution with summer and winter seasonal cores (50%) for the Whitehorse and
Three Fingers mountain goat populations in the Boulder River North Harvest Area. Home range polygons
overlay the aerial survey blocks for Whitehorse and Three Fingers Peaks in the Boulder River Wilderness
in Washington State, USA (August 2016-October 2019). Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 4
Home range (95%) distributions for individual mountain goats on Whitehorse Mountain in the Boulder
River Wilderness, Washington State, USA (August 2016-October 2019). Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 5
Seasonal home Range (95%) and core use (50%) areas for individual mountain goats on Whitehorse
Mountain in the Boulder River Wilderness, Washington State, USA (August 2016-October 2019). Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.
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Figure 6
Home range (95%) distributions for individual mountain goats on Three Fingers Mountain in the Boulder
River Wilderness, Washington State, USA (August 2016-October 2019). Note: The designations employed
and the presentation of the material on this map do not imply the expression of any opinion whatsoever
on the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.
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Figure 7
Seasonal home Range (95%) and core use (50%) areas for individual mountain goats on Three Fingers
Mountain in the Boulder River Wilderness, Washington State, USA (August 2016-October 2019). Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.
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Figure 8
Seasonal frequency distributions of mountain goat locational fix distances (m) on Whitehorse and Three
Fingers Mountains to roads and trails in the Boulder River Wilderness, Washington State, USA (August
2016-October 2019).
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