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SCIENCE & RESEARCH

Quantifying the Range of

Variability in Wilderness Areas:

A Reference When Evaluating Wilderness Candidates

ABSTRACT The US Forest Service recently began revising forest
management plans under the 2012 forest planning rule. The forest
plan revision process includes a wilderness inventory and evaluation
that can lead to some lands being recommended as wilderness.
During this process, the Forest Service evaluates the wilderness
character of candidate roadless lands. This evaluation can result
in the disqualification of areas for wilderness recommendations
based on degraded qualities of wilderness character. However,
it is unknown how the wilderness character of candidate lands
compares to conditions within the existing National Wilderness
Preservation System (NWPS). Without such an evaluation and
comparison, candidate areas for wilderness recommendation could
be held to a higher standard of wilderness character than lands
currently protected as wilderness. Here, four national mapped
datasets representing qualities of wilderness character (human
modification, distance to roads, light pollution, and noise pollution) of
candidate roadless lands (also called wilderness candidates) were
compared to the existing NWPS. The number of candidate areas
that were more degraded than the most degraded wilderness area
was counted. In addition, the distribution of values of wilderness
candidates was compared with the distribution of values from
areas of the NWPS. Data were analyzed at two scales: among all
wilderness areas and within Forest Service regions. Among all
wilderness areas, no wilderness candidate was more degraded than
the range of conditions within the existing N\WWPS. Within regions, very
few candidates were more degraded than current wilderness areas,
irrespective of the metric evaluated. These results suggest that most
candidates for wilderness recommendation fall within the range of
conditions observed within the current NWPS. A similar approach to
quantifying the range of conditions within existing wilderness could
be used in local evaluations to ensure that candidates for wilderness
are not held to a higher standard of wilderness character than that of
the existing NWPS.
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Wilderness areas of the National Wilderness Preservation System (NWPS) serve as core units
of a national system of conservation reserves in the United States (Aycrigg et al. 2013, 2016a;
Belote et al. 2016). As important as the existing NWPS is, additional reserves are needed to
better represent ecological diversity (Dietz et al. 2015) and establish an ecologically-connected
network of protected areas (Aycrigg et al. 2016b, Belote et al. 2017). Fortunately, a process exists
whereby lands can be recommended to the US Congress for inclusion as new legislated wilder-
ness areas. For example, during land management planning under the 2012 Planning Rule of the
National Forest Management Act (USDA 2012), the Forest Service evaluates wilderness character
of lands under Chapter 70 of the planning rule directives. Through this local inventory and evalu-
ation process, the agency determines which candidate roadless lands (generally greater than
2,023 ha/4,999 acres) on each national forest maintain outstanding wilderness character and
which areas should be recommended as wilderness.

Wilderness character is based on concepts outlined in the Wilderness Act including natural-
ness, undeveloped condition, untrammeledness, and outstanding opportunities for solitude or
primitive recreation (Landres et al. 2015). Wilderness character is associated with the concept
of wildness (Aplet 1999) and generally describes ecological conditions (e.g.. integrity) and the
degree of control humans assert on natural processes (e.g., through fire suppression and plant
and animal management). Quantifying and mapping wilderness character of existing wilderness
areas has occurred throughout the country using spatial data representing human impacts to
qualities of land (Tricker et al. 2012, 2013, 2016, 2017; Burrows et al. 2016). Datasets used in these
analyses have included features that represent built structures, distance to roads, and sights and
sounds that impact wilderness character. These qualities are also closely related to conditions
outlined for assessment in the directives of the wilderness inventory and evaluation process.

In developing forest plan revisions, such wilderness inventory and evaluation are usually con-
ducted at local scales across a single (or several adjacent) national forests.

Such local evaluations in conservation planning are a critical step for determining high-priority
lands to include in formal ecological reserves (Pressey and Bottrill 2009). Local evaluations
provide data necessary for managers to identify lands suitable or unsuitable for wilderness
recommendations. Data on local roads, trails, structures, historical timber management, the pres-
ence of nonnative species, and other qualities must be evaluated to identify and prioritize places
with high wilderness character. The importance of local evaluations notwithstanding, mapped
national and global datasets increasingly provide opportunities to evaluate the importance of
land based on a national or global perspective (Pouzols et al. 2014; Belote and Irwin 2017).

In some instances, local evaluations may result in the national or global significance of areas
being overlooked (sensu Noss et al. 2015). For instance, features that degrade wilderness char-
acter at a local level (e.g., an old cabin or a patch of invasive species) could result in managers
downgrading or disqualifying areas for consideration as new wilderness areas. However, the
same candidate lands - when compared to all other lands in the nation - may be of extremely
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high value and represent some of the wildest remaining lands in the country. Only through a
national or regional evaluation of candidates can such determination of relative quality be made
(e.g. Belote and Irwin 2017).

Moreover, through the wilderness inventory and evaluation process some candidates for
recommended wilderness may be downgraded because of features that reduce wilderness
character (e.g., cabins, bridges), even though such features may occur in existing wilderness
areas. The NWPS is widely regarded as a national and global treasure for maintaining America’s
remaining wildlands (Cordell et al. 2005). Yet, candidates for future consideration may be held
to a higher standard than the lands that currently make up the NWPS. During local evaluations
of wilderness character, it is critical to evaluate candidates for future wilderness recommenda-
tions at a national scale and compare wilderness character of candidates with that of the existing
NWPS.

Candidates for future consideration may be held to a higher
standard than the lands that currently make up the NWPS

With the above concepts in mind, two primary questions were asked: (1) What is the range of
variability in various metrics of wilderness character within the NWPS? (2) How do candidates for
recommended wilderness compare to this range of variability?

Methods

Four metrics that serve as proxies for wilderness character were evaluated: human modifica-
tion (Theobald 2013); distance to roads (National Park Service 2013); light pollution (Monahan
et al. 2012); and noise pollution (Mennitt et al. 2014). These four metrics (Figure 1) are among
several national datasets that represent qualities associated with wilderness character and
wildness (sensu Aplet 1999; Aplet et al. 2000; Watson et al. 2016). These metrics have been used
to map wilderness character in several wilderness areas in the United States, generally provide
estimates of gradients in wilderness character (Tricker et al. 2012, 2013, 2016, 2017, Burrows et al.
2016), and represent nationally mapped data of relatively high resolution. Other national mapped
datasets representing estimates of biological diversity priorities are also available (Dietz et al.
2015; Jenkins et al. 2015; Belote et al. 2017) and could be used to evaluate the importance of
these candidate lands as means of better representing biodiversity (Aycrigg et al. 2015; Belote
and Irwin 2017). The intent here was to focus on nationally available mapped data representing
four qualities closely associated with measures of wilderness character (Landres et al. 2015).

Human modification data is based on land cover, human population density, roads, and other
mapped metrics of ecological condition (Theobald 2013). Data are scaled from 0 (ho measured
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human modification) to 1 (high degree of human modification). Distance to roads was calculated
as the geographic distance (in meters) from all roads using Topologically Integrated Geographic
Encoding and Referencing (TIGER) data available from the US Census (US Census Bureau 2015).
This analysis was conducted with the EUCLIDEAN DISTANCE tool in ArcGIS 10.5, which resulted
in gridded data where distance is assigned to each 90-meter resolution pixel for the contiguous
US. Wilderness character is assumed to increase with distance from roads, although the decay
of impact likely varies among ecosystems. Different types of roads are not differentiated here, as
these differences are accounted for within the human modification data. Smaller distances are
related to likely degraded wilderness character, based on increased human access, pervasive
sights and sounds from the roads, and other ecological impacts associated with roads (Tricker et
al. 2012; Burrows et al. 2016; Ibisch et al. 2016).

Human modification

Distance from roads
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Light pollution

Figure 1 - Four datasets used as measures of wilderness character: human modification. distance to roads, light pollution. and noise pollution
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Light pollution represents satellite-measured light intensity during the night from the Visible Infrared
Imaging Radiometer Suite (VIIRS) nighttime lights data (Nelson et al. 2015). This mapped dataset
serves as a measure of the intactness of the night sky. Higher values represent more intense light
pollution and thus lower wilderness character (Tricker et al. 2012). Similarly, mapped data of human-
generated noise pollution is based on field observations and a spatial model using landscape features
that influence sound propagation (Mennitt et al. 2014; Nelson et al. 2015). Greater intensity of human
noises (higher predicted dBA) is associated with reduced wilderness character. The Forest Service
2012 Planning Rule directives on wilderness evaluations suggests that “sights and sounds from out-
side the area” should be considered when evaluating wilderness suitability of candidates. Data on light
and sound pollution provide a national dataset to evaluate these qualities of wilderness character.

For each of the four qualities, data were extracted for all 683 existing wilderness areas of the NWPS
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Figure 2 - The existing National Wilderness Preservation System and wilderness inventory areas (wilderness candidates) currently being
evaluated among different Forest Service regions

within the contiguous United States, along with 300 wilderness inventory areas among 9 national
forests. Summary statistics were then calculated for each unit (Figure 2). Hereafter, wilderness inven-
tory areas are referred to as wilderness candidates, as they are among a pool of areas currently being
considered for wilderness recommendations in national forest planning. The nine national forests
included the Flathead and Helena-Lewis and Clark from the Northern Region (R1); the Cibola and
Santa Fe from the Southwestern Region (R3); the Rio Grande from the Rocky Mountain Region (R2);
the Sierra, Sequoia, and Inyo from the Pacific Southwest Region (R5); and the Nantahala-Pisgah from
the Southern Region (R8). These areas were chosen because the Forest Service had completed
identification of their candidate wilderness areas in these national forests at the time of our analysis.
Candidate wilderness boundaries were obtained from local Forest Service staff. The mean distribution
of each quality from all NWPS units in the lower 48 states was plotted using kernel density plots

from the ggplot2 package in R. In addition, values from individual units were added as “rug plots” to
evaluate the range for each quality. Data were also stratified based on Forest Service regions so that
existing wilderness in different regions of the country were compared to candidates from the roadless

area inventories in those same regions.
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Because these data represent a census of all areas, inferential statistics (e.g., using analysis
of variance) were not conducted. Instead, visual comparisons were made of the distributions of
data using the kernel density plots. The number of wilderness candidate units with characteristics
more degraded than the range observed within the NWPS among and within regions were also
evaluated. In other words, the number of wilderness candidates with greater human modification,
were closer to roads, or were exposed to higher levels of light and noise pollution than existing
wilderness areas were counted. Finally, as a post hoc analysis, mean elevation of wilderness
areas and wilderness candidates was compared using a national 30-meter resolution digital
elevation model to potentially explain observed patterns in wilderness character metrics.
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Figure 3 - Human modification. distance from roads. light pollution. and noise pollution for all wilderness areas (black) and all
wilderness candidate areas to date (green). The overlap registers as dark green
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Results

When compared across the lower 48 states, all candidates for recommended wilderness were
within the range of values observed within existing wilderness areas of the NWPS (Figure 3;
Table 1). The kernel density distribution of values for each quality varied little when compar-
ing wilderness areas with wilderness candidate areas, although wilderness areas tended to be
farther from roads than wilderness candidate areas (Figure 3).
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Table 1 - Number of wilderness candidates among five US Forest Service Regions and the number of those units that are more
degraded compared to the range of values within existing wilderness areas of the NWPS

When comparing human modification values within region, 6 (2% of total) wilderness candidate
areas among all regions were outside the range of values observed within wilderness areas (Fig-
ure 5; Table 1). The distribution of human modification in wilderness candidate areas overlapped
wilderness areas for nearly all regions. The wilderness candidate areas were slightly more
modified than the NWPS units in R1, R3, and R5 (Figure 4). When comparing distance from roads
within region, 24 (8% of total) wilderness candidate areas among all regions were outside the
range of values observed within wilderness areas (Figure 5; Table 1). Based on the distribution
of values, wilderness candidate areas tended to occur closer to roads compared to wilderness
areas in nearly all regions.

When comparing light and noise pollution within region, 4 (1.3% of total) and 1 (<0.5%) of wilder-
ness candidates among all regions, respectively, were outside the range of values observed
within wilderness areas (Figure 5; Table 1). Based on the distribution of values of light pollution,
wilderness candidate areas tended to be very similar to wilderness areas in nearly all regions
(Figure 6). However, R2 wilderness candidate areas tended to experience less light pollution,
whereas R8 wilderness candidate areas tended to experience more light pollution compared
to wilderness in those regions (Figure 6). Based on the distribution of values of noise pollution,
wilderness candidate areas tended to be very similar to wilderness areas in nearly all regions
(Figure 7). Finally. average wilderness candidate areas were slightly higher in elevation (2,198
meters/7.211 ft. above sea level) than wilderness areas (1,413 meters/4,636 ft. asl) in the regions
assessed here.
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Figure 4 - Distribution of human modification by region within wilderness areas of the National Wilderness

Preservation System (black) and wilderness candidate areas (green). Individual units are shown as a ‘rug plot” and

used to count units outside the range of conditions within the NWPS
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Figure 5 -Distance from roads by region within wilderness areas of the National Wilderness Preser-
vation System (black) and wilderness candidate areas (green). Individual units are shown as a ‘rug
plot” and used to count units outside the range of conditions within the NWPS
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Discussion

The wilderness character of wilderness candidates was almost always within the range of the
existing NWPS. As citizens, stakeholders, and agency personnel evaluate candidates for future
wilderness recommendations, this kind of national assessment of wilderness character should
be an important step to ensure that candidates for wilderness are not held to a higher standard
than lands within the existing NWPS. In fact, when pooled nationally, all wilderness candidate
areas were within the range of values observed in the NWPS for each of the four metrics.

As a sample of areas, wilderness candidates did tend to have higher degree of human
modification and lower distance to roads compared to wilderness areas in some regions (e.g.,
R1. R3. and R5) based on the distributions of values. It was hypothesized that this was because
wilderness candidates were lower in elevation than wilderness areas. Wilderness and other
protected areas typically occur higher in elevation (Aycrigg et al. 2013) with steeper slopes
compared to unprotected lands, which has provided easier access for building roads and har-
vesting timber (Belote and Aplet 2014), or otherwise converting land to agricultural commercial,
or residential land uses. Contrary to expectations, wilderness candidates were slightly higher in
elevation compared to existing wilderness among and within the regions studied here. Despite
this pattern, wilderness candidates do tend to be closer to human development and roads
compared to existing wilderness.

Human modification and distance to roads both serve as measures of ecological integrity,
degree of trammeledness, and outstanding opportunities for solitude, all of which represent
wilderness character (Aplet et al. 2000; Theobald 2013; Landres et al. 2015). Despite the general
patterns between wilderness candidates and wilderness areas in these qualities, no individual
wilderness candidate could be considered more degraded than the range of the existing NWPS,
and only a few could be considered more degraded than the range of values within the region.
Wilderness candidates in the Southwestern Region (R3), however, had the greatest number
of areas (23% of units) outside of the range of existing wilderness in that region with respect to
distance from roads.

Light and noise pollution varied little between wilderness candidates and wilderness areas.

In fact, in the Rocky Mountain Region (R2), wilderness candidates were characterized by darker
night skies (less light pollution) than existing wilderness. Like distance to roads, the largest
number of wilderness candidates that had more light pollution than the existing NWPS occurred
in the Southwestern Region (R3), which may reflect proximity to urban or developed areas
around Santa Fe and Los Alamos, New Mexico, and the surrounding national forests. Light and
noise pollution impact ecological systems (Longcore and Rich 2004; Mennitt et al. 2014; Shannon
et al. 2016) and can erode wilderness character (Tricker et al. 2012). Dark night skies with intact
star-viewing opportunities and quiet outdoor experiences free from human-generated noises all
represent important qualities of wilderness character and wildness (Aplet et al. 2000).
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Taken together, these results suggest that in most cases, candidates for recommended wilder-
ness represent lands that are as wild as the existing NWPS. As human populations increase and
land use expands (Sohl et al. 2014). protecting the remaining wildlands is increasingly recognized
as a key global, national, and local conservation priority (Venter et al. 2016; Watson et al. 2016;
Belote et al. 2017). Wilderness areas and the NWPS represent a critical tool used to protect the
remaining wildlands. The process by which agencies evaluate lands for potential wilderness
recommendations is central to adding lands to this system. Although local evaluations will con-
tinue to be essential to assessing wilderness character (sensu Landres et al. 2015), national and
global datasets increasingly allow for broad-scale analyses to evaluate lands across larger areas
(Belote and Irwin 2017).

Ultimately, only the US Congress has the authority to legislatively designate new wilderness
areas, which requires social and political processes. Agency recommendations to Congress,
however, are an important aspect of designating new wilderness areas, as well as administra-
tively maintaining the wilderness character of lands classified as recommended wilderness.
Given the loss of wildlands globally (Watson et al. 2016) and nationally (Theobald et al. 2016),
it is imperative that a national context is applied to decisions of how wilderness character is
protected and managed on federal lands.

In conclusion, four nationally available mapped datasets representing measures of wilderness
character were used to compare wilderness candidates with existing wilderness areas. This
analysis was used to identify whether and how many wilderness candidates fell outside the
range of the existing NWPS. Local evaluations could use the same framework to compare wil-
derness character of candidates with the existing system. If local assessments measure features
that erode wilderness character (e.g., old roads, cabins, historical timber harvests) within lands
serving as candidate for wilderness recommendations, managers could compare these qualities
to nearby wilderness areas. Although wilderness areas represent some of the wildest and most
intact lands in the country, they are not without human impacts (Cole and Yung 2010). Candi-
dates for future wilderness should not be held to a higher standard than the existing NWPS. @
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A\ WILD
W MONTANA

Dear Lolo Forest Planning Team & Lolo National Forest Service Staff,

Please accept this wilderness character data to inform the Lolo Forest Plan revision process.
We appreciated the opportunity to provide input on the wilderness inventory data, and hope you
will take into consideration this information for your wilderness evaluation analysis. Using the
wilderness evaluation worksheet your team created and protocols from the Wilderness Institute,
we collected data regarding the Sliderock/Quigg Roadless Area, the Cube Iron/Sundance Ridge
Roadless Areas, and a few of the important roadless areas that make up the Great Burn
ecosystem. We believe each of these unique roadless areas, as well as other areas not
included in this assessment, possess incredible wilderness character and should be seriously
considered for recommended wilderness designation in the new forest plan. We will provide
additional data during the 2024 scoping period.

Please let us know if you have any questions or would like to discuss any of our findings. Thank
you for all your work on the planning process thus far. We look forward to continuing to work
with you.

Sincerely,
Maddy Munson Mattea Prison Erin Clark
Public Lands Director Field Organizer Organizing Director

mmunson@wildmontana.org mprison@wildmontana.org eclark@wildmontana.org
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Wilderness Characteristics Overview

The following report summarizes data collected during a wilderness character inventory study
led by Wild Montana in the summer of 2023. Unless otherwise noted, every photo in this report
was taken by Wild Montana staff: Maddy Munson, Mattea Prison, or Erin Clark. For each
inventoried roadless area studied, we measured the following qualities:

I.  Untrammeled and Natural Quality

Natural quality reflects the extent to which “ecological systems are substantially free from the
effects of modern civilization.” The natural quality is assessed by monitoring attributes that
reflect the integrity of ecological systems, such as species composition and physical
characteristics.

Il. Undeveloped Quality

Undeveloped quality is one of the primary elements of wilderness character found within the
language of the 1964 Wilderness Act. This quality refers to the extent to which “wilderness
retains its primeval character and influence, and is essentially without permanent improvement
or modern occupation.” Non-recreational developments such as installations and signs are
considered to affect the undeveloped quality of wilderness character. Recreationally-focused
developments, such as trails, campsites, shelters, etc. are considered in the next section, under
the solitude or primitive and unconfined quality of wilderness character.

lll. Solitude or Primitive and Unconfined Recreation Quality.

Solitude or primitive and unconfined recreation quality is another of the primary elements of
wilderness character found within the language of the 1964 Wilderness Act. This quality refers
to the extent to which “wilderness provides outstanding opportunities for solitude or primitive
and unconfined recreation,” and assesses recreational developments such as trails, restrooms,
shelters, and campsites. Attributes included in the protocols that reflect this quality are: trail
width, non-system trails, evidence of motorized or mechanized use, encounters with other
users on trails, motorized noise, visual intrusions from developments outside the Forest Service
boundary, and campsite characteristics and impacts.

This quality evaluates the degree to which an area has outstanding opportunities for solitude or
for a primitive and unconfined type of recreation. The word “or” means that an area only has to
possess one or the other. The area does not have to possess outstanding opportunities for both
elements, nor does it need to have outstanding opportunities on every acre.
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Lolo National Forest

Cube Iron-Silcox and Sundance Ridge Inventoried Roadless
Areas

July 2023

Sundance Ridge Inventoried Roadless Area



Summary:

In July 2023, Wild Montana inventoried the Sundance Ridge and Cube Iron-Silcox Inventoried
Roadless Areas (IRAs). The Cube Iron-Silcox IRA (36,955 acres) is located between the adjacent
Cataract and Sundance Ridge IRAs. The Sundance Ridge IRA (7,198 acre) is in between the Cube
Iron-Silcox IRA and parcels of Montana State Trust Lands. This provides excellent connectivity
within the immediate landscape as well as contiguous wildlands connected to the Cabinet
Wilderness Area in the Kootenai National Forest to the north and other roadless areas in the
Lolo National Forest. In the 1986 Forest Plan, the Forest Service said this area was a large
roadless areas that is “distinguished primarily by [its] natural environmental character” and
would be managed to provide for recreation activities in a “near-natural setting and for old-
growth dependent wildlife species,” and the Forest Service designated this area as essential

grizzly bear habit.

Inventoried Roadless Area: Days in area: Trail Miles Covered: | Roadless Area Acreage:
Sundance Ridge Inventoried 1 day 5.6 miles (one way) 7,198 acres

Roadless Area

Cube Iron-Silcox Roadless Area | 1 day 9.2 miles 36,955 acres




Sundance Ridge Inventoried Roadless Area

Although the turn-off to access this remote and unique roadless area is inconspicuous, the
Sundance Ridge IRA certainly deserves attention. This IRA offers challenging and ambitious
opportunities for day hikes and multi-day backpacks. This IRA possesses ample wild character—
everything from the terraced cliff edges along the road leading to the Priscilla Peak trailhead to
the lush sedge grasses and huckleberries along the ridge to the subalpine meadows and fir
forests directly preceding the rocky ridgeline where the historic Priscilla Peak lookout stands
watch paint a picture of a truly rich backcountry experience. Due to the limited human
modifications and connectivity provided between adjacent IRAs, Wild Montana’s modeling
shows that this roadless area ranks in the 90" percentile for wildness and 99" percentile for
species intactness. !

Sundance Ridge

Forest Service
No Permanent Protection - GAP:3

Inventoried Roadless Area
7,198 acres

WILDNESS CLIMATE CONNECTIVITY

90th 70th 78th
UNIQUENESS SPECIES

64th 99th

View from Priscilla Peak looking into the valley below.

T Wild Montana’s Conservation Value analysis defines the values mentioned above as follows: Wildness:
The relative wildness of areas by mapping human modifications such as land use, land cover, distance
from roads, and darkness of night skies. Species intactness: Measuring where carnivores of
conservation concern (red wolves, gray wolves, mountain lions, lynx, grizzly bears, black bears,
wolverine, fisher, black-footed ferrets, and swift foxes) are currently versus historical distributions.
Climate importance: Modeled predicted migration paths of species and ecosystems in response to
climate change. This model evaluates climate connectivity areas and identifies landscapes where the
largest number of species can shift from their current climate types to their future analogs. Connectivity:
Areas that have been modeled to fulfill connectivity priorities between protected areas in Montana and
surrounding states and provinces.



l. Untrammeled and Natural Quality

Plant and Animal Communities

On the trail to Priscilla Peak, we encountered a
whitetail doe and many ground squirrels. Towards
the top of the ridge right below the old lookout,
we found bear scat close to the trail that appeared
older. This area is just southeast of the Cabinet-
Yaak and serves as a connectivity corridor for
grizzly bears.

Weeds

No weeds were encountered on the inventoried trails.

Water Erosion

No human caused erosion was seen along the inventoried trails in the Sundance Ridge area.

Il. Undeveloped Quality

Installations and Developments

When you first pull up to the trailhead for Priscilla Peak/Sundance Ridge, it would be
understandable for you to assume there is no trailhead. There are no signs and only a faint trail
that curves around the steep hill. The biggest giveaway is a hitch post for horses.

At the very top of the peak is a dilapidated, historic lookout with a fire ring situated on the
north side. The trail continues on and links this unique IRA all the way to the northern edge of
the Cataract IRA.



Along the trail we also observed one old mining
apparatus.



Signs

There are very few trail markers and most of them are barely legible.

Trail Closure

No trail closures were observed during monitoring.

lll. Solitude or Primitive and Unconfined Recreation Quality

[

Just less than 10 miles off Highway 200, the Sundance
Ridge IRA offers anyone who makes the short journey
immense feelings of quietude. Even on the
established trail to Priscilla Peak and beyond, you are
unlikely to run into other visitors. The area
encompasses terraced cliffs, alpine springs, recovered
wildfire swaths, talus slopes, and rocky ridgelines. The
views along the ridge are spectacular in all directions,
looking northwest to the Cabinet-Yaak and east to the
formidable Mission Mountains. One feels part of a
primitive and undisturbed landscape while traversing
this IRA.

Lo
Dog following the
overgrown trail




System Trail Conditions

Once on the trail, if you don’t have paper maps or maps downloaded, you might find yourself
getting off route. There are very few trail markers, and the trail is overgrown. Especially when
you hike out of the old burn area into the dense undergrowth and ridgeline trees, the trail
barely cuts through the foliage. There is little evidence
of human use outside of several very old horse manure
droppings along the trail.

Evidence of Mechanized and Motorized Use on Trails

No evidence of mechanized or motorized use on the trail.

Non-system Trails

No user created trails were observed.
Trailheads

Use of trailheads was documented by recording the number of vehicles, horse trailers and ORV
trailers parked at the trailhead. The vehicles Wild Montana arrived in are not included in this
tally.

Priscilla Peak Trail - O vehicles
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Encounters with People

No other people were seen on any section of the inventoried trails.
Noise

Even with the decently trafficked dirt road at the trailhead, | heard no traffic and saw no other
human developments while on Sundance Ridge.

Visual Intrusions

There is no evidence of logging within the IRA itself. Once
you get up higher on the cliffs past the trailhead, you can
see an old burn and fire roads to the south. There was a
logging operation on Thompson River Road many miles
back towards the highway, but not up near the Sundance
IRA.

Along the ridgeline trail, we encountered an old 4x4 road
that appears to have not been used in many years due to
the overgrown vegetation. See photo on the right.
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Campsites

We encountered two small fire rings along the trail, however they look like they have not been
used in many years due to overgrown vegetation. No other camping infrastructure was present.

Sensitive Plants

No sensitive plant species were observed during monitoring.
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Cube Iron-Silcox Inventoried Roadless Area

After spending a quiet night camped along the Thompson River, we ventured up the dirt road
to the Four Lakes Trailhead nestled amongst a cedar grove. This loop is one of the most popular
trails in the area, especially the first section from the trailhead to Cabin Lake. However, the area
is still remote and you'll likely only see a handful of people all day. The lake offers an excellent
opportunity to camp in all the beauty this IRA has to offer without having to hike multiple days.
Traveling farther south towards Cube Iron Mountain, the forest becomes more and more
densely populated with abundant sedge grasses and other understory growth. The beargrass
guides you along the path towards Cube Iron Pass, where you can make your way up
switchback to the saddle before Cube Iron Mountain. It is without a doubt that this section of
public lands is diverse and offers an incredibly unique experience to any who take the time to
explore.

Cube Iron - Silcox
Forest Service
No Permanent Protection - GAP:3

Inventoried Roadless Area
36,955 acres

WILDNESS ~ CLIMATE CONNECTIVITY
79th 61st 68th

UNIQUENESS SPECIES

64th 99th

Beargrass along the Four Lakes Loop.
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I.  Untrammeled and Natural Quality

This IRA is special for its diversity in forest types. The trail starts out in an old burn scar,
traversing along cliff faces and boulder filled slopes to the wooded campsites around Cabin
Lake. Climbing up to the basin beyond that is populated with many smaller lakes, you'll find the
forest composition changes significantly. Lush sedge grass and thick trees carpet the floor
around the lakes. That is until you come upon the start of Cube Iron Pass. Alpine boulder fields
give way to the rocky, burned ridgeline of Cube Iron Pass up to the unique rock formations that
give Cube Iron Mountain its name. Even within a small radius, you are sure to encounter many
types of forest flora.

| View of Cube Iron Pass Credit: hris Sawicki

When beginning up the first climbs of this trail, you’ll traverse through several burn areas
before reaching Cabin Lake itself. These are smaller swaths of burn that do not extend farther
past Cabin Lake into the other basins where the other lakes sit. If you take the trail up to Cube-
Iron Pass to summit Cube Iron Mountain, you will find yourself stepping into a large burn area
that extends along the southwest side of the pass. This burn area is extensive and can be seen
flowing down the majority of the mountain side.
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Plant and Animal Communities

We did not have any direct encounters with wildlife, although it is apparent that this is a
corridor for many different species. In the muddy edges of the trail, we found tracks from deer,
bighorn sheep, moose, and elk. Apart from four-legged wildlife, the birds were plentiful and
active, providing us with a constant soundtrack to our adventure. And although unconfirmed,
we startled a large animal in the bushes along the basin floor that could either be a moose or a
bear. The variety of wildlife in this wild space is an indication of a rich ecosystem that supports
this diversity.

Weeds

No weeds were encountered on the inventoried trails.

Water Erosion

No human caused erosion was seen along the inventoried trails.

Il.  Undeveloped Quality

Installations and Developments

There is a well-maintained, built bridge at the start of the trail and evidence of recent trail
maintenance.

15



Signs

The handful of trail signs and trail improvements hardly impact the experience of exploring this
area. All wooden signs in good legible condition.

Trail Closure
No trail closures were observed during monitoring.
lll. Solitude or Primitive and Unconfined Recreation Quality

This trail is cherished for its access to Cabin Lake, however, once beyond Cabin Lake, you’ll find
it difficult to run into anyone else. This is reflected in the change in trail width and the amount
of overgrowth of grasses over the trail.

Evidence of Mechanized and Motorized Use on Trails

No evidence of mechanized or motorized use.

System Trail Conditions

While this trail is one of the more well-traveled areas of this IRA, its apparent naturalness is still
very much intact. It is clear you are still part of a pristine, wild landscape whilst hiking along the
well-established trail. This IRA is close to towns and roads, yet maintains its stillness and
undisturbed peace. Once past Cabin Lake, the trail becomes more narrow and overgrown.

16



Switchback trail to Cube Iron Pass Further into the IRA, the trail bcomes
more overgrown.
Non-system Trails

There were a few non-system trails along the main trail that led to water sources. Other than
those, no other user created trails were observed.

Trailheads

Use of trailheads was documented by recording the number of vehicles, horse trailers and ORV
trailers parked at the trailhead. The vehicles Wild Montana arrived in are not included in this
tally.

Cabin Lake Trailhead - 3 vehicles.

Encounters with People

We encountered one fisherman at the trailhead and one group of two backpackers at Cabin
Lake.

Noise

There are no sightings of towns, nor sounds of trains, planes, or vehicles while exploring in this
IRA.
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Visual Intrusions

No visual intrusions were observed on the inventoried trails. While you will find evidence of a
logging operation farther down the main Thompson River Road heading towards town, you will
not see or hear any of the effects of said operation. Within the IRA itself, there is no evidence of
past timber activities.

Campsites

There were three established campsites and fire rings at Cabin Lake along with a pit toilet.

Sensitive Plants

No sensitive plant species were observed during monitoring.
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Lolo National Forest:

Sliderock/Quigg Inventoried Roadless Area

June 2023

Summary:

In mid-June 2023, Wild Montana inventoried three areas of the Sliderock/Quigg inventoried
roadless area (IRA). We inventoried three main trails in the IRA: Ranch Creek Trail, Butte Cabin
Creek/Quigg Peak Trail to Butte Cabin Ridge Trail, Hogback Ridge Trail. No other people were
on the trails or at the trailhead, and each trail was very overgrown with little sign of human
activity (see images below). Therefore, this area demonstrates superb apparent naturalness
and provides ample opportunity for solitude and primitive/unconfined recreation. The terrain
in this inventoried roadless area is moderately rugged, with many talus fields. The roadless area
is adjacent to Rock Creek, a blue ribbon trout stream. The area also provides connectivity
between other landscapes on the Bitterroot National Forest, Beaverhead-Deerlodge National
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Forest, Welcome Creek Wilderness Area, and a BLM Wilderness Study Area. Under the 1986
Lolo Forest Plan, the Forest Service manages the area as recommended wilderness. There were
no signs of motorized or mechanized intrusions. There were also no signs of past timber
harvest, mining activities, or private inholdings.

MMizzoula

Quigg
Forest Service

No Permanent Protection - GAP:3
Inventoried Roadless Area

Silver King IRA
Lola

67,098 acres

Welcome Creek
Wilderness

WILDNESS ~ CLIMATE CONNECTIVITY
88th 79th 97th
UNIQUENESS SPECIES

65th 98th

mlgg IRA
1 Beaverhead
\, Decrlidye

Inventoried Roadless Area: | Days in Area: Trail Miles Covered: | Roadless Area Acreage:

Quigg (Lolo) 3 days 17.1 67,098 acres
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View from Butte Cabin Ridge overlooking Quigg Peak, the Sliderock Roadless Area, and

part of the Welcome Creek Wilderness.

I. Untrammeled and Natural Quality

Plant and Animal Communities

Six bighorn sheep lambs and one adult bighorn sheep
were seen along the road just before reaching the
trailhead for Butte Cabin Creek trail. On the inventoried
trails there were no direct or indirect encounters with
any mammals. Two hawks were observed on the Butte
Cabin Ridge Trail.

Weeds

No weeds were encountered on inventoried trails in the
Quigg area.

Water Erosion

No human caused erosion was seen along the
inventoried trails in the Quigg area.
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Il. Undeveloped Quality

Installations and Developments

A total of two developments were recorded during monitoring. One old metal fence post was
seen on the Quigg Peak trail. Additionally, a portion of the Butte Cabin Ridge Trail was built into
a talus field with an apparent rock wall.

A total of six signs were observed during monitoring. Signs
were primarily at trailheads and trail junctions. All wooden
signs in good legible condition.
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Trail Closure
No trail closures were observed during monitoring.
lll. Solitude or Primitive and Unconfined Recreation Quality

Evidence of Mechanized and Motorized Use on Trails

No evidence of illegal mechanized or motorized use was observed.

System Trail Conditions

The inventoried trails were overgrown and there were no signs that they are frequently used by
humans.

Ranch Creek Trail Hogback Ridge Trail
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Butte Cabin Ridge Trail

il

Peak Tra

Quigg
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Non-system Trails

No user created trails were observed.
Trailheads

Use of trailheads was documented by recording the number of vehicles, horse trailers and ORV
trailers parked at the trailhead. The vehicles Wild Montana arrived in are not included in this
tally.

Ranch Creek Trail - 0 vehicles

Butte Cabin Creek/Quigg Peak Trail - 0 vehicles
Butte Cabin Ridge Trail - 0 vehicles

Hogback Ridge Trail - 0 vehicles

Encounters with People

No other people were seen on any of the inventoried trails.
Noise

We heard and saw one airplane and one helicopter overhead on the Butte Cabin Ridge Trail.
Additionally for the first mile of the Hogback Ridge trail, you could occasionally see and hear the
Forest Service road.

Visual Intrusions

For the first mile of the Hogback Ridge trail, you could occasionally see and hear the Forest
Service road and the Hogback Homestead building.

Forest Service
Road
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Campsites

One campsite was encountered and was only noticed
because of an old fire ring with little evidence of other
use observed. The campsite had high opportunity for
solitude, as no other camps were seen nearby.

Sensitive Plants

No sensitive plant species were observed during
monitoring.
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Lolo National Forest

The Great Burn Roadless Areas: Meadow Creek-Upper North
Fork, Ward Eagle, Sheep Mountain-Stateline, and Hoodoo
Inventoried Roadless Areas.

July-September 2023

e :-A‘&i"ﬂ

h i G 3 g & L Saut
Ridge in the Meadow Creek-Upper North Fork Roadless Area
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Summary:

In July through September 2023, Wild Montana inventoried three Inventoried Roadless Areas
(IRAs) in the Great Burn landscape of the Lolo National Forest—-Meadow Creek-Upper North
Fork IRA, Ward Eagle IRA, and the Sheep Mountain-Stateline IRA. As shown in the map below,
the roadless areas that comprise the Great Burn ecosystem are connected to additional
roadless areas on the Idaho side of the stateline. This creates a larger wild complex that must
be taken into consideration as a whole when looking at the incredible values each area holds.

Wild Montana staff and volunteer leaders regularly visit and monitor the natural character and
wilderness characteristics of the Hoodoo IRA (also known as the Great Burn Recommended
Wilderness), so we did not conduct a focused inventory there this year. Our 2023 inventory
effort visited the other inventory roadless areas that make up the Great Burn ecosystem.

The 1986 Forest Plan designated the Hoodoo IRA as recommended wilderness and for the other
IRAs, the Forest Service said these were large roadless areas “distinguished primarily by their
natural environmental character” and would be managed to provide for recreation activities in
a “near-natural setting and for old-growth dependent wildlife species.”
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Roadless Area Acreage:

Days in
Lolo NF NPCNF
Inventoried Roadless Area: area: Trail Miles Covered: olo
Meadow Creek-Upper North Fork | 3 days 15.4 miles (one 6,878 46,438
way)
Ward Eagle 3 days 14 miles (one way) | 8,542 N/A
Sheep Mountain-Stateline 1 day 4.7 miles (one way) | 37,673 26,926

Hoodoo: This data was collected
between 2018-2023 on multiple
trips into the IRA.
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Meadow Creek-Upper North Fork Inventoried Roadless Area

The Meadow Creek-Upper North Fork IRA Is bounded on three sides by wild IRAs. The Lolo
National Forest portion of the Meadow Creek-Upper North Fork IRA is immediately adjacent to
the Idaho Nez Perce-
Clearwater National Forest
IRA by the same name. There
is no road on this state
boundary. Together they
represent nearly 60,000 acres
of public lands that provide
high quality wildlife habitat,
outstanding opportunities for
quiet recreation, and
incredible ecosystem
connectivity. Further, to the
north of the Montana
Meadow Creek-Upper North
Fork IRA is the 37,673 acre
Montana Sheep Mountain
Stateline IRA and to the south

is the 104,901 acre Hoodoo IRA. Together these IRAs
across ldaho and Montana constitute a 231,358 acre
wild complex, and it is important to evaluate these

Meadow Creek - Upper North Fork

Forest Service
No Permanent Protection - GAP:3

Inventoried Roadless Area areas in combination with one another, even though
6,878 acres they are managed by multiple forests, cross state
boundaries, and in some cases do have roads
WILDNESS  CLIMATE CONNECTIVITY between them. Wild Montana’s modeling shows
98th 87th 88th this IRA as ranking in the 98th percentile for wildness
UNIQUENESS SPECIES and 99th percentile for species intactness.

63rd 99th
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l. Untrammeled and Natural Quality

Hikers possessing Bob Marshall’s stamina can travel on foot from one end of the Meadow
Creek - Upper North Fork IRA to the other end of this 11,000 acre IRA in a single day, but the
relatively small size of this IRA does not account for the diversity found here. This long and
skinny inventoried roadless area includes rolling, sinuous ridges straddling the Montana-ldaho
border, subalpine lake basins, and deep valleys that hold creeks that capture snowmelt from
north-facing basins. There are dark, moist groves of western red cedars, majestic assemblages
of mountain hemlock at the higher elevations, thick subalpine fir stands, and large and healthy
whitebark pine on the ridges. This tree diversity supports a lot of wildlife. Our inventories
encountered or saw sign of mountain goats, pika, red fox, deer, sharp-shinned hawks, Clark’s
nutcrackers, pileated woodpeckers, wolves, and bobcats. The terrain and topography suggests
that this IRA also is wolverine habitat and some of its north facing bowls are good candidates
for maternal winter denning habitat. There are likely moose in the lower elevations. The habitat
would also support elk, although no sign was detected. Views from this IRA’s ridgelines make it
clear that there is a tremendously wild, natural landscape surrounding you. Ridgeline after
ridgeline cascade away to the south and east, most without any indications of human
modification (visible roads, timber treatments, structures, etc.). This largely was true to the
north, until this summer when timber harvests were executed right on the northern border of
the IRA (Cedar Thom-Cedar South Project), now marring the otherwise wild and natural view to
the north where the craggy, above treeline Cabinet Mountains are the furthest visible sight.
Trail infrastructure throughout the IRA is minimal and primarily consists of waterbars, and even
trail signage is minimal, with major trail intersections, such as the Stateline-St. Joe Lake-Illinois
Peak three way trail junction not having any signs.

“This small IRA punches well above its weight class for naturalness, and it shouldn’t come as a surprise
that Wild Montana’s model puts it in the 98th and 99th percentile respectively for wildness and species
richness.” Wild Montana Organizing Director Erin Clark, on the Meadow Creek-Upper North Fork IRA.
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Plant and Animal Communities

Tree and vegetation health was good, there was evidence of some tree disease, but not beyond
a natural/normal level. Very healthy, old whitebark pine present on ridgelines. Old growth
hemlock groves. 200+ year old cedars in Trail Creek bottom (age determined by branching
pattern).

Whitebark Pine on Trail 169

Water flowing off portions of the Stateline ridgeline in this
IRA flow into St. Joe Lake and then into the St. Joe River.
From its beginnings at St. Joe Lake, this river is designated
wild for roughly 26 miles and then for recreation until being
joined by the North Fork St. Joe. It provides habitat for
westslope cutthroat trout and bull trout.

Stateline Trail View of St. Joe Lake:

We observed numerous signs of
wildlife in our two days of
inventory: a mountain goat on
lllinois Peak, deer, wolf, bobcat,
and pileated woodpecker. We also
saw multiple species during the
inventory, including pika (heard in
nearly every scree slope passed, at least six distinct scree slopes along #738 currently have
pika), grouse, frogs, sharp-shinned hawk, dark morph red fox, Clark’s nutcracker, and significant
ladybug congregations in the rocks at the top of lllinois Peak.
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Trail Lake Trail Bobcat Track.  Frog at Oregon Lakes.

Ldyus oh Ilinois Peak.
Weeds

No weeds were encountered on inventoried trails in the Meadow Creek-Upper North Fork area,
although spotted knapweed was present at several trailheads, such as the Trail Lake Trailhead.
There were few patches of non-native clover along Stateline #738 and Trail Creek Trail #156.
There is currently work being done by organizations such as the Great Burn Conservation
Alliance to reduce the spread of invasive species/weeds in this roadless area complex. Please
see the report submitted by the Great Burn Conservation Alliance on campsites and noxious
weeds during the assessment phase of this forest plan revision process

Water Erosion

There was significant rainfall the day and week prior to our inventory. Wooden water bars were
present on all trails. All trails could be improved to reduce erosion.
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Il. Undeveloped Quality

Installations and Developments

Hoodoo Pass trailhead, just outside of the IRA, contains infrastructure for horses (hitch rails, no
corral, ample trailer parking and space for
a trailer to turn around). Further on
lllinois Peak, there are some remnants
from an old fire lookout.

There were no bridges on Trail Lake Trail
#156 creek crossings, but a primitive log
bridge is present at the first crossing and
a human hewn wooden block is at the
second crossing. The Oregon Lakes trail
had three different bridge features.
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Signs

Trail signage is minimal, with major trail intersections, such as the Stateline-St. Joe Lake-lllinois
Peak three-way trail junction not having any signs. We only encountered one trail sign on the
entire stretch of Stateline Trail between Hoodoo Pass and lllinois Peak. The limited signage
requires users to use their navigation skills. Signs along the
Oregon Lakes trail were primarily at the lakes. All signs were
wooden and in good legible condition.

Trail Closures

No trail closures were observed during monitoring.
lll. Solitude or Primitive and Unconfined Recreation Quality

Although the Hoodoo Pass trailhead often will fill on weekends July through August, very few
users choose to travel north on the Stateline trail and most will head into the Lolo (and Region
1)’s largest IRA, Hoodoo, by traveling south on the Stateline trail. Word is not out that the
spectacular features found in the Hoodoo IRA are also available in the Meadow Creek - Upper
North Fork IRA. That means that the incredible opportunities for primitive recreation available
in the Hoodoo can be found there as well, but with considerably higher levels of solitude. The
summit register at lllinois Peak demonstrated that there is regular visitation, but rarely more
than one party visiting per day. The mellow ridgeline and subalpine grassy meadows along the
Stateline trail provide outstanding opportunities for off trail rambles, even if just to stop to
enjoy a short break and watch for wildlife. Evidence of horse use was minimal on this IRA’s
trails, but the Hoodoo Pass trailhead is well equipped for stock and stock trailers and most of
the trails in this IRA are well suited for travel by horseback.
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The Stateline trail through this IRA is part of the Idaho Centennial Trail (ICT) and is used by long-
distance hikers traveling the ICT. This IRA is bounded by other IRAs known for their outstanding
solitude and primitive recreation opportunities (Hoodoo IRA (202,000 acres) and the Nez
Perce-Clearwater National Forest Meadow Creek—Upper North Fork IRA (46,438 acres)) and
there is excellent trail access from this IRA into those IRAs.

Evidence of Mechanized and Motorized Use on Trails

We observed evidence of motorized trespass on
Trail #169 (approx. one mile, likely a motorbike)
and the Stateline #738 (less than a half mile).

System Trail Conditions

The inventoried area contained high naturalness and very little sign of human impact. There is
no history of timber harvest or significant forest management on this IRA. There were obvious
clearing of trees to maintain the trails, but also several instances of recent hand-cutting of trees
for non-management purposes (cutting of trees on the edge of a small burn below Graves Peak
and unnecessary felling of trees at two campsites on Trail Lake). There has been some trail
reconstruction on Trail Lake Trail #156 that utilized rocks in a wire mesh frame to stabilize the
bank. This minor visual eyesore could be easily improved.
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Oregon Lakes Trail.

Non-system Trails

No user created trails were observed. User created trails on lllinois Peak have been
rehabilitated, and while they can still be detected there was no indication of current use. Some
trail braiding present below Graves Peak on the Stateline trail.
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Trailheads

Use of trailheads was documented by recording the number of vehicles, horse trailers and ORV

trailers parked at the trailhead. The vehicles Wild Montana arrived in are not included in this
tally.

Freezeout Pass - 0 vehicles
Trail Lake Trail - 0 vehicles

Hoodoo Pass - 2 vehicles. Those users presumably were recreating in the Hoodoo IRA, as it had

recently rained and there were no footprints on the Stateline trail north of Hoodoo Pass.
Oregon Lakes: 1 vehicle

Encounters with People

Very few recreationists opt to head into this IRA. During three days of inventory surveys, no
other people were seen on any of the inventoried trails. A review of the Illinois Peak register
suggested that half a dozen people visit this peak each week throughout the summer hiking
season.

Noise

We heard and saw approximately two planes per hour. There was an active logging operation
happening adjacent to the Freezeout Pass trailhead that could be heard for a mile along the
Trout Creek Driveway trail (#169) towards Illinois Peak.

Visual Intrusions

There are three very new timber harvest units visible to the north. The Cedar Thom #920 and
921 units are larger than 50 acres, have visible sky lining scars, and from Trail #169 it appears
that almost no understory vegetation survived.
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Trail 169, Northeast View: Trail 169, North View, Cedar Thom Units #920 and 921:

Campsites
We removed one fire ring on Trail 169 and one cairn on the Stateline Trail while conducting our

inventory, and left fire rings at campsites intact.

Trail 169 Campsite Trail Lake Trail Campsite
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Stateline Trail Campsite
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Ward Eagle Inventoried Roadless Area

Ward Eagle
Forest Service _
This spectacularly lush and diverse IRA

provides excellent opportunities for solitude
and recreation in what seems like a never-
ending wild landscape. This IRA boasts an old-
growth cedar forest replete with mossy banks
WILDNESS CLIMATE o N Zearasd <2long quiet streams and talus fields with the
84th 85th 83rd chirps of pikas to accompany your travels.

UNIQUENESS SPECIES

64th 99th

No Permanent Protection - GAP:3

Inventoried Roadless Area
8,542 acres
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4 Lobking down onto Hub Lake at the base of Ward Peak.
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I. Untrammeled and Natural Quality

Besides the roads leading to this IRA’s trailheads, it would be unlikely to find any sort of human
disturbance within the Ward-Eagle IRA. There are no visuals of roads, clearcuts, or towns, nor
auditory machinery or vehicles. The only disturbance noted was an airplane flying overhead
once a day at the same exact time. At first, it was difficult to tell what the noise was due to how
faint it was. It does not dramatically impact the feeling of disconnection from the human
developed world.

Plant and Animal Communities

It would be surprising if anyone visited this IRA without
hearing and/or seeing the pika that dominate the talus fields.
These small creatures, along with marmots, can be heard
throughout this IRA. We did not see any larger wildlife
species during the inventory, but there was evidence of
wolves, mountain goats, deer, and bears (scat, tree markings,
etc.).

Cedar Tree along the trail to Hub & Hazel Lakes.
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Weeds

There is some work being done currently by organizations such as the Great Burn Conservation
Alliance to reduce the spread of invasive species/weeds in these areas, including Oxeye Daisy,
which was spotted at the trailhead of Hub and Hazel Lakes. Please see the report submitted by
the Great Burn Conservation Alliance on campsites and noxious weeds during the assessment
phase of this forest plan revision process.

Water Erosion

Hub and Hazel Lakes Trail and Crystal Lake
Trail would benefit from basic trail
maintenance. Water bars are needed to
reduce water erosion.

Existing water bar on Hub & Hazel Lake
Trail.

Il. Undeveloped Quality

Installations and Developments

Since this area is an IRA, there is no
evidence of road construction for
commercial logging within the area,
however there are some operations on the
landscape adjacent to the IRA.

Ward Eagle has a long mining history. At
Hub Lake, a trail ascends to an old mining shaft that tunnels into the heart of Ward Peak. This
tunnel serves as a reminder of the historic uses of this landscape.
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Signs

Although we encountered wooden signs along the trail, some were barely legible or in poor
condition.
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Trail Closures
No trail closures were observed during monitoring.
lll. Solitude or Primitive and Unconfined Recreation Quality

Even though some of these trails within this IRA are becoming more trafficked, it is incredibly
easy to find space for solitude away from human development and other users in this IRA. The
farther you travel into the IRA, the closer you are to quietude. This IRA offers visitors peace
amongst the landscape and wildlife.

As one Wilderness Walk participant, Sarah Bates, eloquently put, “The opportunity to traverse
different forest types, enjoy quiet and abundant water, and end with a spectacular vista at a
beautiful lake surrounded by cliffs - it just doesn’t get much better.”

Evidence of Mechanized and Motorized Use on Trails

We encountered no evidence of mechanized or motorized use.

System Trail Conditions

The inventoried trails were overgrown and faint in spots, with the trail to Hub & Hazel Lakes
being the most well defined.

Crystal Lake Overgrown Trail: Up Up Ridge Trail:
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Hub & Hazel Trail:

Non-system Trails

In the Ward-Eagle IRA, there are a handful of non-system trails, or social trails. These trails do
not travel far and are usually in place to reach a water source near the trail.

y Social trail to water source.

Trailheads

Use of trailheads was documented by recording the number of vehicles, horse trailers, and ORV
trailers parked at the trailhead. The vehicles Wild Montana arrived in are not included in this
tally.
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Crystal Lake Trailhead - 1 vehicle
Up Up Trailhead - 0 vehicles.

Hub & Hazel Lakes Trailhead - 2 vehicles.

Encounters with People

We saw one other hiking party of two hikers and their dog at Hub and Hazel Lakes and one
fisherman at Crystal Lake.

Noise

We heard an airplane once a day, approximately at the same time at 12:42 p.m..

Visual Intrusions

The topography of this IRA is moderately rugged with talus fields, cliffs, and alpine lakes. During
our time in the IRA, there were no visuals of roads, towns, or vegetation treatments.
Campsites

At Hub & Hazel Lakes we observed one campsite with a makeshift corral and an additional
campsite near the lake with a campfire ring.

There was one established campsite at
Crystal Lake.
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Sheep Mountain - Stateline Inventoried Roadless Area

The Lolo National Forest portion of the Sheep Mountain-Stateline IRA (37,673 acres) is
immediately adjacent to the Idaho Nez Perce-Clearwater National Forest IRA (26,925 acres) by
the same name. Further, the Meadow Creek-Upper North Fork IRAs discussed above are
directly adjacent to the
south. Like the Meadow
Creek-Upper North Fork
IRA, it is important to
think of this IRA in the
context of the larger
complex it is a part of.

Stateline Trail looking
into the Idaho IRA:

Bonanza Lakes Trail looking out into
the Sheep Mountain - Stateline IRA

Sheep Mountain - Stateline
Forest Service

No Permanent Protection - GAP:3
Inventoried Roadless Area
37,673 acres

WILDNESS CLIMATE CONNECTIVITY
83rd 79th 70th

UNIQUENESS SPECIES
65th 99th
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I Untrammeled and Natural Quality

Plant and Animal Communities

While hiking through talus fields on the Stateline Trail, we encountered pika and saw one hawk.
On the Bonanza Gulch Trail leading to the lakes, we saw evidence of deer.

Weeds

No weeds were encountered on inventoried trails in this area. There is currently work being
done by organizations such as the Great Burn Conservation Alliance to reduce the spread of
invasive species/weeds in this roadless area complex and has found St. John’s wort near
Bonanza Lakes. Please see the report submitted by the Great Burn Conservation Alliance on
campsites and noxious weeds during the assessment phase of this forest plan revision process.

Water Erosion

No water erosion on this IRAs trails was observed.

Il. Undeveloped Quality

Signs

Signs were primarily at trailheads and trail
junctions. All wooden signs were in good legible
condition. There is a sign and degraded rock cairn
at the Stateline Trail junction for Bonanza Lakes:
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Trail Closures
No trail closures were observed during monitoring.

lll. Solitude or Primitive and Unconfined Recreation Quality

Evidence of Mechanized and Motorized Use on Trails

No evidence of illegal mechanized or motorized use was observed.

System Trail Conditions

The Stateline Trail #738 in this IRA is well maintained. Bonanza Gulch Trail #616 from the
Stateline Trail to the lakes as well as the Bonanza Gulch Trail #616 from Forest Service Road
7763 to the lakes were more overgrown and did not appear to get significant use.
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Stateline Trail near Cascade Pass: More Overgrown Bonanza Lake Trail:

Non-system Trails

No user created trails were observed.
Trailheads

Use of trailheads was documented by recording the number of vehicles, horse trailers and ORV
trailers parked at the trailhead. The vehicles Wild Montana arrived in are not included in this
tally.

Cascade Pass - 2 vehicles. Saw the owners of one vehicle heading south on the trail toward the
Meadow Creek- Upper North Fork IRA.

Encounters with People

We encountered one group of two backpackers on the trail to Bonanza Lakes. They camped at
Lower Bonanza Lake. We also encountered one hiker at Upper Bonanza Lake.

Noise

We did not hear any airplanes or vehicle noises.
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Visual Intrusions

Within the IRA, there was no evidence of vegetation treatments. From a high point, looking
southeast towards National Forest Road 320 and non-IRA forest lands, one could see recent
vegetation treatment units:

Campsites

There was evidence of camping off the Stateline trail due to the trampled vegetation and
obvious sites where tents have been. Further, at each of the Bonanza Lakes, there was an
established campsite.
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Campsite on the Stateline Trail: Campsite at Upper Bonanza Lake: Campsite at Lower Bonanza:
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Hoodoo Inventoried Roadless Area

The Hoodoo Inventoried Roadless Area is the largest roadless and unprotected landscape
managed by the USFS in Region One. Spanning elevations of 3,000 to 8,000 feet, this roadless
area’s landscapes are a mosaic of old-growth forests, lush meadows, alpine tundra, dramatic
cliff faces, and crystal-clear lakes and streams. In short, a haven for fish and wildlife and a
dreamland for backcountry
travelers. National
Geographic has called the
Hoodoo landscape a “gem
of wild beauty” and a
“quintessential
wilderness”. For several
decades, the Arthur
Carhartt National
Wilderness Training Center
and Ninemile Wildlands
Training Center have used
the Hoodoo IRA as one of
American’s premier proving
grounds for wilderness
skills trainings.

The Hoodoo IRA is often referred to as being gem-like given its
summer emerald and sapphire colors.

The Hoodoo IRA is used and beloved by families and individuals for hiking, travel with stock,
backpacking, great fishing and hunting, camping, solitude and wildlife viewing. This IRA contains
over 50 miles of the Idaho-Montana Stateline trail (also known as the Idaho Centennial Trail)
between Granite Pass and Hoodoo Pass. The Hoodoo area is seemingly remote, yet very close
to Missoula and the 700,000+ residents of the Spokane and Coeur d’Alene metro area. You can
leave your home in the morning and by afternoon experience alpine lakes, pristine wilderness,
open ridges with amazing vistas, and solitude. For these areas, the Hoodoo is their premier
backyard wildland. Trailheads will with Washington and Idaho plates all summer long.

The Hoodoo Roadless Area is co-managed by the Nez Perce-Clearwater and Lolo National
Forests. To the north of the Hoodoo IRA are the Idaho and Montana Meadow Creek-Upper
North Fork IRAs. Together these IRAs across Idaho and Montana constitute a 231,358 acre wild
complex, and it is important to evaluate these areas in combination with one another, even
though they are managed by multiple forests, cross state boundaries, and in some cases do
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have roads between them. Wild Montana’s modeling shows this IRA as ranking in the 93rd
percentile for wildness and 99th percentile for species intactness.

There are large and passionate constituencies of recreationists in Montana, Idaho, and, even,
eastern Washington that value the quality of human-powered experience they can have in the
Great Burn. These users are eager to support protections for the Great Burn and to make sure
the next bill that proposes Wilderness designation for the Great Burn gets across the finish line.

This report contains inventories for over 250,000 acres of wild, unroaded lands on the
Montana-ldaho border managed by the Lolo National Forest. The Hoodoo IRA represents the
beating heart of this entire roadless complex.
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The Hoodoo roadless area exhibits different spectacular colors in the fall.
Here Heart Lake dazzles in reds, oranges, and yellows in late September.

I. Untrammeled and Natural Quality

The Hoodoo IRA has received one of the highest wilderness ratings of any area managed by the
Forest Service nationwide, and has been recommending that Congress designate the area as
Wilderness since the 1970s. Recently, Appendix E of Nez Perce-Clearwater DEIS emphasized
that “the outstanding scenery, the variety and abundance of wildlife species (elk, black bears,
mountain goats, and moose) and the high quality westslope cutthroat trout fishery in Idaho are
major attractions.” These qualities are all abundantly present and true on the Montana side of
the roadless area as well.
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This area was subject to the impacts of the history-making and shaping fires of 1910 and since
that time this area has been allowed to recover without the trammeling of humans, with the
exception of trail maintenance. For this reason, the Hoodoo IRA is an incredible natural
laboratory demonstrating what natural regeneration and recovery from severe and large-scale
fire looks like after a century. This laboratory supports diverse and healthy populations of plants
and animals, while providing truly superlative backcountry recreation opportunities.

The history of fire, past and recent, is visible throughout the Hoodoo roadless area. The severe
fires of 1910 created the conditions that support the area’s alpine vegetation communities.

“The Great Burn may be especially valuable for scientific study and wildland education precisely
because of its freedom from human influences. Because of the 1910 fire this austere landscape holds
awareness to questions about natural plant succession... | sat alone on the top of a remote, windblown
peak deep within the Great Burn and | wondered. | wondered what it is that really sets this land before
me apart from other wild places. Below me stretched a “graveyard” of ghost-white snags—remnants of
the great fire. Images came to mind of cascading waterfalls, clear mountain lakes nestled in deep
cirques, blazing yellow larch in the fall, crimson heather adorning the slopes of glacial headwalls, the
striking subalpine tundra of high, open ridges, of elk summering in lush hanging valleys, of goats
hopping along the sheer rock face of Shale Mountain. Then | knew. The Great Burn, unlike so many
wildernesses where one looks down on towns, farms, and roads, induces a feeling of total wilderness.
I've had the same feeling in the middle of the Bob Marshall.” - Bill Cunningham, The Great Burn, Up
From The Ashes
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Plant and Animal Communities

The Hoodoo roadless area contains an intact, healthy assemblage of plant and animal
communities that is one of the most diverse in western Montana. In compiling this report we
are going to focus only on a few species of particular note, but this area is renowned for its
western red cedar refugia, ridgeline western hemlock stands, abundant moose population, and
so much more that we don’t address here, such as the wolves we heard howling while camped
at French Lake.

A moose eats lakeside vegetation at one of the Hoodoo roadless area’s alpine lakes. Credit:
Brian Christianson

Mountain Goats

There are two herds of mountain goats that utilize habitat in the Hoodoo. One herd primarily
resides on the Nez Perce-Clearwater NF managed portion of the area, around the Blacklead
area. Idaho Fish & Game’s monitoring of this herd shows significant declines (possibly as high as
80%) in the last two decades,? which they have indicated may be due to illegal winter
motorized use happening in this area.

2 Nez Perce-Clearwater DEIS, p 3.2.3.4-31.
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A mountain goat below the Stateline in summer. Credit: Brian Christianson

Another herd resides primarily on the Montana side, wintering near Landowner Mountain and
dispersing in the summer to alpine lake basins along the Stateline trail. Montana Fish, Wildlife,
and Parks has reported more stability in this population than the Blacklead herd, but this
population is currently experiencing increasing human impact, especially around Heart, Pearl,
and Dalton Lakes and the adjacent portions of the Stateline trail.

Declines in native mountain goat populations across western Montana and throughout Idaho
warrant listing the mountain goat as a Species of Conservation Concern. We were pleased to
see the Regional Forester include the mountain goat in the Lolo’s revised Species of
Conservation Concern list.

Wolverine

The wolverine is pending listing as a proposed threatened or endangered species by the U.S.
Fish and Wildlife Service. The Hoodoo IRA provides unique, high-quality habitat worthy of
special consideration.

Population surveys have not been conducted in the Hoodoo, but wolverine are present and
modeling has shown that this area is an important connectivity area and meets requirements
for maternal denning. The presence of persistent spring snowpack is a necessary component of
wolverine habitat and the Copeland et al. model utilized by the Nez Perce-Clearwater NF in
their forest planning analysis identified the high elevation zones along the Idaho-Montana
border as having persistent snowpack in at least five years out of seven. Research has shown
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that wolverine exhibit strong avoidance of both motorized and non-motorized winter
recreation.’

These images depict the persistent, long lasting snowpack that makes this outstanding
wolverine maternal habitat. Left photo: Snowpack in early September at Straight Lake. Right
photo: Stateline above Heart Lake in July.

Grizzly Bears

While this portion of the Northern Bitterroot Range does not currently support a resident
population of grizzly bears, this area is currently important for habitat connectivity between the
Bitterroot Ecosystem and
Northern Continental Divide
Ecosystem grizzly bear
recovery units.

In the fall of 2007, a grizzly
bear was shot by a black bear
hunter in the Kelly Creek area
on the Idaho side of the
Hoodoo IRA. The bear was
genetically identified as
having originated in the
Selkirk Mountain population

3 Heinemeyer et al., 2019. Wolverines in winter: indirect habitat loss and functional responses to
backcountry recreation. Ecosphere 10(2)e:02611. 10.1002/ecs2.2611.

59



of North Idaho.? It is likely only a matter of time, probably within the next two to three decades,
that grizzly bears will again reside in or regularly pass through the Hoodoo. Management of the
Hoodoo as recommended Wilderness provides habitat security and meets habitat and
management requirements as outlined for Bear Management Units (BMUs) by the Interagency
Grizzly Bear Management Team.

Connectivity

The large, unroaded, high quality, high elevation habitat provided by the Great Burn not only
provides critical habitat for resident wildlife populations, but also serves an important role as a
connectivity zone between other large, wild areas in this region. The Hoodoo is the largest
recommended wilderness and roadless area in Region 1. Opportunities to protect landscapes of
this scale, and in a position to link other large roadless areas, are few across our region.

The Hoodoo area contains highly mosaiced habitat, and outstanding connectivity to other wild
areas in all directions. The Cabinet Mountains are visible to the north, and the enormous
Selway-Bitterroot Frank Church River of No Return Wilderness to the south.

Weeds

There is currently work being done by organizations such as the Great Burn Conservation
Alliance to reduce the spread of invasive species/weeds in this roadless area complex largely
focused on John’s wort, Canada thistle, knapweed, and Oxeye Daisy. The group frequents the
sub-alpine meadows around Pearl Lake. Please see the report submitted by the Great Burn
Conservation Alliance on campsites and noxious weeds during the assessment phase of this
forest plan revision process.

Water Erosion

There is a wide range of trail maintenance levels throughout the Hoodoo IRA, which is not
surprising given the sheer number of miles of trail within the IRA. As such, some trails are well
maintained to manage water, others are not. At this time, we do not have an adequate analysis
of enough trails of the IRA to provide specific examples of trails needing attention. The high
traffic areas of the Hoodoo IRA (Heart Lake loop, trails out of Clearwater Crossing) all have
installed structures (bridges, boardwalks, etc.) to manage water erosion and reduce human
impacts to moist soils.

Il. Undeveloped Quality

Human use of the Hoodoo IRA goes back centuries, and there has been extensive use since
colonial settlement. There are historical cabins, mine sites, cultural sites, and more within this
expansive IRA. The historic Cedar Creek Mine District is adjacent to the Hoodoo IRA and there

“ Servheen, et al, A Sampling of Wildlife Use in Relation to Structure Variables for Bridges and Culverts
Under 1-90 between Alberton and St. Regis, Montana, 2004.
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are several historic mining sites within the roadless area. In spite of the range of developments
and installations, this area is very wild and undeveloped.

Even though this area around Cedar Log Lakes experienced historical mining use, it still is
predominantly wild and feels undeveloped.

Installations and Developments

Many of the Hoodoo IRAs trailheads, which are located on the perimeter of the IRA, have been
significantly developed and feature well-maintained pit toilets, hitch rails and other
infrastructure for stock, trail signage, and extensive parking. This is true not only of very
accessible trailheads like Heart Lake, but also more remote trailheads like Schley.

The Heart Lake trailhead is one of the most popular trailheads on the Lolo National Forest.
Heavy use at Heart, Pearl and Dalton Lakes is creating a range of resource issues, many of which
could be alleviated with public education, but has also been partially addressed through
installations and developments. This high use area receives both overnight and day use.
Dispersed camping in sensitive areas (ie. Dalton Lake inlet), trash, human waste, and mountain
goat/human interactions are just some of the management issues the area faces. In order to
minimize issues related to human-waste at Heart and Pearl Lakes, two low-profile toilets have
been installed at Heart Lake for use by overnight backcountry campers, as well as day hikers.
This infrastructure has positively reduced waste issues in this high-use area.
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All three lakes — Heart, Pearl, and Dalton — have campsites near their shorelines. As a result, the
three lakes are absorbing most of the overnight use in the area. We anticipate an increase in
user impacts, such as newly created fire rings and impacts from spike camps, in the more
primitive area that surrounds the Heart Lake high use area in the coming decade. The kiosks
discussing camping in mountain goat country at the Heart Lake Trailhead and Heart Lake are a
good start to public education.

Beyond the Heart Lake area, most of the named lakes within the Hoodoo IRA have campsites,
many of which include primitive campfire rings and primitive log stools.

Major stream and creek crossings in the Hoodoo IRA typically have wooden bridges. The Heart
Lake Trail also includes boardwalks to minimize trail erosion and impacts through several wet
and marshy sections. A significant bridge is present near the Clearwater Crossing Trailhead to
allow foot and stock traffic to cross the West Fork of Fish Creek.

Signs

There is regular trail signage throughout the Hoodoo IRA, mainly marking junctures and trail
intersections. Most signage is wooden and complies with Forest Service standards.

Trail Closures

The West Fork Fish Creek bridge was recently replaced, which reopened the West Fork of Fish
Creek trail to foot traffic, which was not possible during late spring and early summer when the
creek was running high. The previous burned in the 2015 West Fork Fish Creek Fire.

Wild Montana previously distributed a map that depicted a trail that connected Pearl Lake with
Lightning Peak. This trail had not been maintained, however, and was no longer discernible on
the ground. We no longer distribute this map, but understand that this trail may be in the
process of being reconstructed.

lll. Solitude or Primitive and Unconfined Recreation Quality

In the last decade there has been much discussion and awareness about growing recreational
use of the Hoodoo IRA, but it is still very easy to find and relish in solitude in this IRA. Our
Organizing Director spent four days in the roadless area backpacking a large loop from
Clearwater Crossing to the Stateline to Fish Lake and back during Labor Day weekend. She did
not share a campsite with a single other party, and only encountered two other parties in four
full days on the trail (two individuals at Straight Creek falls and a party camping on the other
side of Goose Lake). This was on a holiday weekend with outstanding weather.

While the growing popularity of the Heart Lake loop may benefit from additional management
and public education, even this ‘high-use’ area provides an important backcountry and
unconfined recreation opportunity in this area, and the amount of use received does not
preclude it from consideration for Wilderness designation.

62



The wilderness evaluation criteria regarding recreation evaluates the degree to which the area
has outstanding opportunities for solitude or for a primitive and unconfined type of recreation.
The word “or” means that an area only has to possess one or the other. The area does not have
to possess outstanding opportunities for both elements, nor does it need to have outstanding
opportunities on every acre.

Backcountry users who want to experience stunning alpine lakes and a high probability of
wildlife sightings find what they are looking for in the Hoodoo roadless area, likely without
encountering any other people.

It is difficult to imagine regretting the decision to protect the Great Burn in 100 years. A protected Great
Burn will ensure that future generations of hunters, anglers, hikes, skiers, and backpackers will be able
to enjoy the rich experience of recreating in an intact ecosystem. - Brian Christianson, Missoula Current,
April 2020

Evidence of Mechanized and Motorized Use on Trails

The Lolo National Forest manages the Hoodoo IRA as closed to all motorized recreation use,
including over-snow vehicles (OSVs). The 2012 Clearwater Travel Management Plan closed the
Idaho side of the recommended wilderness area to all motorized and all mechanized (i.e.
mountain bike) recreation use. In spite of this, Wild Montana has regularly seen and received
reports of mechanized and motorized use on Hoodoo IRA trails managed by the Lolo.

Snowmobiles

lllegal winter OSV use currently occurs in the Great Burn—mostly by ‘extreme users’ who use
the most modern equipment to ‘high mark’ in the backcountry. Increasingly there is evidence of
snow bike use in the Great Burn as well. In 2019, Wild Montana members hiking near Kid Lake
found an abandoned snowmobile from the previous winter. The owner must have known that
snowmobiles were not allowed in this area, because all VIN and serial numbers had been
removed from the snowmobile before it was abandoned. Wild Montana and the Great Burn
Conservation Alliance attempted to arrange pack stock to remove the snowmobile, but it was
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too difficult to saw the machine into pieces and in October 2019 the Nez Perce-Clearwater
National Forest removed it by helicopter. In March 2020, Wild Montana’s Organizing Director
backcountry skied into the Granite Peak area and found snow bike tracks on both the Lolo and
Nez Perce-Clearwater sides of this peak. From Granite Peak, snowmobile and snowbike tracks
in the drainage below were visible all the way to Cache Saddle. Illegal winter use has been
reported to us in the Hoodoo Pass area as well.

Mountain Bikes

There is increasing use by mountain bikes in the Hoodoo IRA. Originally this use was
concentrated on the Stateline trail and around Heart Lake. There is now, however, frequent
evidence of mountain bike use from the Clearwater Crossing trailhead. Recent efforts have
been made to improve signage at trails indicating that mechanized use is not allowed, such as
at the Hoodoo Pass trail on the Stateline. Use continues to occur, however.

A Wild Montana staff member encountered two mountain bikers on the Stateline Trail above
Hidden Lake on July 25, 2020. Both bikers denied seeing the ‘No Mechanized Vehicles’ sign at
the Hoodoo Pass trailhead where they began their ride, declined to return to the trailhead, and
continued their ride with the intention of descending to Heart Lake.

In September 2020, Wild Montana staff encountered mountain bike tracks on the North Fork
Fish Creek Trail from the Trio Lakes trail junction to the French Lake trail junction.

System Trail Conditions

Wild Montana frequently receives reports from users that trails in the southern half of the
Hoodoo IRA (Lolo NF side) are not adequately brushed or maintained. These reports are
received both from hikers and stock users. As a result, many of our members have indicated
that they avoid trails south of the Clearwater Crossing area.
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A backpacker enjoys classic Stateline Trail ridge terrain. This section of trail is between Fish Lake
and Goose Lake.

Non-system Trails

The Stateline Trail has many short, spur social trails to spots that overlook alpine lakes. These
trails travel through alpine vegetation that is difficult to rehabilitate, and it is likely that these
trails would be recreated if reclaimed.

Trailheads

Three trailheads serve as the primary access points to the Hoodoo IRA for the majority of users:
Heart Lake, Hoodoo Pass, and Clearwater Crossing. These trailheads are often nearly full (or full
in the case of Heart Lake) on summer weekends. Even lesser trailheads accessed from the Fish
Creek corridor often are nearly full during summer months.

Access to the Hoodoo IRA from the Idaho side is challenging and requires a high clearance
vehicle and a willingness to travel many miles on difficult dirt roads. For example, travel from
Missoula to the Blacklead Trailhead in Idaho takes nearly four hours. In contrast, a Missoulian
can access the Heart Lake trailhead in just over an hour. As a result, most Hoodoo IRA enter the
area through Montana access points, not from Idaho.

65



Most of the Hoodoo trailheads include pit toilets, except notably Hoodoo Pass. Almost all have
hitch rails or other infrastructure to support stock users. In spite of heavy use, these trailheads
are in good condition and generally trash-free.

Encounters with People

Users visiting the Heart
Lake Basin can expect to
encounter and interact
with a large number of
parties, especially on
weekends.
Unfortunately, users on
the Stateline Trail above
the Heart Lake basin
may also encounter
users illegally mountain
biking on this trail. In
three visits to this
portion of the trail in
2020, our Organizing
Director encountered
mountain bikers two out £
of three visits. This =
caused Wild Montanato
request that the Lolo National Forest issue a special closure order for mechanized use in the
Lolo National Forest managed portion of the Lolo NF. This order was also requested by the
Great Burn Conservation Alliance, and a letter of concern was also submitted by the Idaho
Conservation League. These requests were not responded to, and illegal mechanized use
continues to be frequent in and above the Heart Lake Basin.

&
koo

Outside of this area, solitude is easy to find and encounters with other users are sparse. All
alpine lakes in the Great Burn that are accessible by trails have campsites on their shores, and it
is at these lakes that users are most likely to encounter other people.

Photo: On the day we ascended to Chilcoot Pass from Straight Creek we passed two people
enjoying Straight Falls and otherwise had more than 10 miles of trail all to ourselves — and
plentiful, delicious thimbleberries. We were the only ones to camp that night at Lower Siamese
Lake, other than a family of mountain goats, that is.
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There is a small amount of winter human-powered backcountry use of the Hoodoo IRA, and
these users are highly unlikely to encounter other users.

Winter in the Great Burn is a time of high wildlife habitat security. For the few humans who
travel into this area when snow is on the ground, solitude is abundant and views are endless,
like this one from Granite Peak in March. Credit: Brian Christianson

Noise

There is no noise incursion from uses outside the IRA into the Hoodoo area, as the topography
of the area protects it from such sources. The main noise present is from overhead flights and
the volume of flights is similar across all of the Great Burn roadless areas. At present there is
motorized access allowed to Fish Lake on the Idaho-side of the Hoodoo IRA, and users can
sometimes hear this motorized use while hiking the Stateline trail in Montana adjacent to Fish
Lake.

Visual Intrusions

There are a very limited set of trail locations from which a user in the Hoodoo IRA can see
developments or roads outside of the Hoodoo. These locations are mostly in the first two miles
of the Stateline Trail for users traveling south from Hoodoo Pass.
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Night sky darkness in this area is excellent, as the nearby community of Superior creates very
little light pollution and Missoula is far enough away to not have significant impacts on sky
brightness. The Stateline trail was an excellent location for viewing the NEOWISE comet the
summer of 2020, and the trail would be an outstanding location for viewing most
meteorological phenomenons visible from western Montana.

Campsites

All alpine lakes in the Hoodoo roadless area that are accessible by trail have campsites on or
near their shorelines. Most of these campsites feature rough hewn log stools, benches, and
primitive campfire rings. Some of these campsites are too close to lakeshores and should be
relocated. This has been an issue at Dalton Lake in particular. Major trails throughout the
Hoodoo also have campsites at fairly regular intervals. Campsites not located at lakes appear to
be very infrequently used and some could be reclaimed.

Campsite at French Lake

Campsite at Heart Lake:
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August 20, 2020

Carolyn Upton, Forest Supervisor
Lolo National Forest

24 Fort Missoula Road

Missoula, Montana 59804

cc: Cheryl Probert, Forest Supervisor, Nez Perce-Clearwater National Forest
Leanne Marten, Regional Forester, Northern Region

Jimmy Gaudry, Wilderness and Wild & Scenic River Program Manager, Northern
Region

Carole Johnson, Superior District Ranger, Lolo National Forest

Dear Supervisor Upton,

[t was a pleasure to have the opportunity to discuss, as well as visit, the Great Burn
(Hoodoo Roadless Area) with you at the end of July. As the largest recommended
wilderness area (RWA), and largest roadless area, in Region 1, this landscape is a
very important component of our regional wild public lands. The Great Burn is
notable not only for its size, but also for the quality of its wilderness characteristics
and the unique wildlife security and connectivity zones it contains. The Great Burn
is superlatively suited for consideration for Wilderness designation. In addition, the
area is, as we discussed, increasingly valued by local communities for the beauty of
its landscapes, wildlife viewing opportunities, and hence the quality of the
human-powered recreation opportunities it provides, which presents both
opportunities and challenges.

The Lolo National Forest portion of the Hoodoo Roadless Area is currently managed
as MA12, i.e.recommended wilderness. The Lolo National Forest Plan of 1986 states
management of MA12 areas that are not yet designated as Wilderness should
“protect wilderness characteristics pending a decision as to their classification.”
Furthermore, RWAs across the Forest Service system must be managed for social
and ecological characteristics that preserve and enhance wilderness character over
time, as required by the 2012 Planning Rule, US Forest Service guidance, and case
law.

As forests across Region 1 engage in planning processes and release new plans, such
as the 2018 Flathead National Forest Plan, these plans have acknowledged that
allowing non-conforming uses in recommended wilderness would degrade
wilderness characteristicsl, and therefore non-conforming uses should not be

' “I have included plan components to protect and maintain the ecological and social characteristics that provide the basis
for each area’s suitability for wilderness recommendation. One of these plan components indicates mechanized transport
and motorized use are not suitable (MA1b-SUIT-06) in recommended wilderness areas. | have included this plan
component in my final decision because | believe it is necessary to protect and maintain the ecological and social
characteristics that provide the basis for their wilderness recommendation . . . The Forest Service has an

Keep it wild.

Montana Wilderness Association works with communities to protect Montana's wilderness
heritage, quiet beauty, and outdoor traditions, now and for future generations.
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allowed in RWAs. In addition to the Flathead plan, the plans released for the
Helena-Lewis & Clark and Custer-Gallatin National Forests in the last six months
also prohibit mechanized use in RWAs. Comments Montana Wilderness Association
submitted on the Nez Perce-Clearwater National Forest Plan DEIS in April 2020
encourage the same approach to RWA management for the Nez Perce-Clearwater
portion of the Great Burn, and we encourage that approach for the portion of the
Great Burn managed by the Lolo National Forest in Montana as well.

The 2012 Clearwater National Forest travel management plan prohibits motorized
and mechanized use within the Great Burn recommended wilderness. A Nez
Perce-Clearwater Forest Plan outcome that prohibits non-conforming recreational
uses in RWAs would be consistent with this current travel management plan.

Increasingly, however, there is evidence that mechanized use, mountain biking in
particular, is becoming common in the Great Burn. Mountain bike users are violating
the 2012 Clearwater Travel Plan by biking the Stateline Trail from Hoodoo Pass. The
Stateline Trail, particularly from Hoodoo Pass to the Heart/Pearl Basin overlooks,
passes in and out of Montana, into Idaho, numerous times, as we discussed while on
the trail together. Each time a rider enters Idaho, they are in violation of the 2012
Clearwater Travel Plan. These mechanized users frequently drop off of the Stateline
Trail to complete loop or point-to-point rides, exiting the Great Burn via the Heart
Lake Trailhead or the Clearwater Crossing Trailhead, in the Lolo National Forest.

Case studies from across Region 1 (Beaverhead-Deerlodge and Flathead National
Forests in particular) show that allowing non-conforming uses has directly
precluded previously recommended RWA acreage from the possibility of inclusion
in the National Wilderness Preservation System in the future; failing to uphold a
desired condition where RWAs maintain their potential for future Wilderness
designation. Details about these case studies are not included here, but [ will be
happy to provide them if requested.

To maintain the wilderness characteristics of the Great Burn and uphold
MA12 management standards, the Montana Wilderness Association requests
that a special closure order be issued for mechanized uses on the portion of
the Hoodoo Roadless Area managed by the Lolo National Forest.

At minimum, this closure would ensure consistency with the Clearwater Travel Plan,
by helping to address mechanized trespass on the Stateline Trail, which contains
segments in both Idaho and Montana. At maximum, this closure will ensure that

affirmative obligation to manage recommended wilderness areas for the social and ecological characteristics that
provide the basis for their reccommendation until Congress acts. The land management plan does not allow for
continued uses that would affect the wilderness characteristics of these areas and possibly jeopardize their designation as
wilderness in the future.” Flathead National Forest, Forest Plan Record of Decision (2018), p. 26.
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wilderness characteristics are being upheld on the portion of the Hoodoo Roadless
Area managed by the Lolo National Forest in keeping with the MA12 standard.

In addition to protecting wilderness character and the potential for future
designation, this closure will protect public health and safety, as well as wildlife
security, as anecdotal evidence from users in the Great Burn indicate that
mechanized use, particularly in the Heart and Pearl Lake basins, is inconsistent with
providing safe experiences for foot users, especially those with children. The Heart
and Pearl Lake basin is widely known as an ideal area for family backpacking. The
single-track nature of this trail system, as well as the presence of several sections of
trail with thick vegetation and sharp drop offs (particularly as the trail
ascends/descends from the lake basin to the Stateline Trail), creates hazard-prone
areas where dangerous conflicts could occur between mechanized users and
horseback or foot-based users.

Mechanized use may also have negative impacts on mountain goat populations that
reside in this area. Native mountain goat herds in western Montana have declined in
recent decades and this has also been true for the Blacklead herd on the Idaho-side
of the Great Burn. Idaho Fish & Game recently estimated that this Great Burn herd
may have declined by up to 80% over the last decade alone.” Although the
Montana-side Great Burn mountain goat herd has not yet shown such a trend, this
population should be considered sensitive. Research has shown that mountain goats
are highly sensitive to both motorized and non-motorized recreational disturbance
and demonstrate behavioral changes (increased vigilance and decreased foraging
time), reduced reproductive success, and changes in spatial distribution (reducing
presence in or abandoning desired habitat) as a result of this use.”

USFS rules state that a Forest Supervisor may issue a special closure order to limit
certain trail uses “for the protection of...public health or safety.” Special closure
orders on National Forest System trails may include prohibitions on “any type of
vehicle” or “any type of traffic or mode of transport”. We respectfully request that
you use your authority to issue this Great Burn Recommended Wilderness special
closure order, allowing MA12 management standards to be upheld and wilderness
characteristics of this area to be protected and secured until Congress acts.

Montana Wilderness Association has worked closely with our partner organization,
the Great Burn Conservation Alliance, in crafting this request. Together, we request
that you consider this issue promptly. And together, we look forward to providing
any support that would be helpful in issuing, upholding, and communicating about

2 Smith, B. and DeCesare, N., 2017, Status of Montana’s mountain goats: A synthesis of management data (1960-2015)
and field perspectives.

% Nez Perce-Clearwater DEIS, p 3.2.3.4-31.

4 Joslin, G., 1986. Mountain goat population changes in relation to energy exploration along Montana’s Rocky Mountain
front. Biennial Symposium of the Northern Wild Sheep and Goat.

Council 5:253—-269; Hurley, K. 2004.

Keep it wild.

Montana Wilderness Association works with communities to protect Montana's wilderness
heritage, quiet beauty, and outdoor traditions, now and for future generations.
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this special closure, both with our memberships and with the larger communities
that use and value the Great Burn Recommended Wilderness.

Thank you for your consideration. I look forward to discussing this request further
with you and working together to address this matter.

Sincerely,
{ - D UA_

Erin Clark, western Montana field director

Amy Robinson, conservation director

Montana Wilderness Association works with communities to protect Montana's wilderness

Keep it wild. ; . i :
" heritage, quiet beauty, and outdoor traditions, now and for future generations.
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Maintaining connectivity with source populations is especially important for populations of boreal spe-
cies at the southern edge of their distributions, where anthropogenic disturbance and climate change can
be a threat. In the conterminous United States, Canada lynx Lynx canadensis is a federally threatened bor-
eal species that may require connectivity with northern populations to persist. Connectivity is a function
of movement between patches and the likelihood that patches are suitable for resident populations.
Therefore, we combined resource selection, step selection, and least-cost path models to define empiri-
cally movement corridors for lynx in the Northern Rocky Mountains. We used telemetry data for 64 lynx
monitored during 1998-2007 to create a broad-scale resource selection model that predicted probable
lynx habitat across the species’ distribution in the Northern Rocky Mountains. Our model indicated that

Keywords:
Canada lynx
Connectivity

Corridors
Least-cost paths lynx selected home ranges at mid-elevations with low surface roughness and high canopy cover. Based
Montana on a subset of 37 (16 females, 21 males) adult lynx fitted with GPS collars from 2005 to 2007, we then

Resource selection tested the extent to which remotely-sensed indices of environmental heterogeneity, including greenness,
normalized difference vegetation index, surface roughness, and a principal component that indexed stand
age, could characterize landscape connectivity for lynx. We found that connectivity between lynx habitat
in Canada and that in the conterminous US is facilitated by only a few putative corridors that extend
south from the international border. Maintaining the integrity of these connectivity corridors is of pri-
mary importance to lynx conservation in the Northern Rockies.

Published by Elsevier Ltd.

1. Introduction

Populations at the periphery of species’ ranges are important for
long-term conservation due to a greater potential for speciation
and potentially greater survivorship than core populations when
species experience sharp range contractions (Lesica and Allendorf,
1995; Channell and Lomolino, 2000; Carroll, 2007). Peripheral pop-
ulations often occupy suboptimal habitats (Brown, 1984), making
them vulnerable to a loss of connectivity with larger source popu-
lations (Root, 1998; Thomas et al., 2001). Moreover, peripheral
populations may be particularly at risk where they face high levels
of anthropogenic disturbance (Channell and Lomolino, 2000;
Schaefer, 2003). Canada lynx (Lynx canadensis), listed as threatened
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E-mail addresses: jsquires@fs.fed.us (J.R. Squires), ndecesare@mt.gov (N.J.
DeCesare), lucretiaolson@fs.fed.us (L.E. Olson), jkolbe@mt.gov (J.A. Kolbe), mar-
k.hebblewhite@umontana.edu (M. Hebblewhite), sean_parks@fs.fed.us (S.A. Parks).

0006-3207/$ - see front matter Published by Elsevier Ltd.
http://dx.doi.org/10.1016/j.biocon.2012.07.018

under the Endangered Species Act in the contiguous US, exhibits
population dynamics that lag those in their range core in Canada
(McKelvey et al., 2000). Thus, lynx conservation in the contiguous
US hinges in part on maintaining population connectivity between
Canada and the US. However, maintaining connectivity for lynx
may become increasingly difficult due to climate and anthropo-
genic change, as evidenced by reduced connectivity of other boreal
species (van Oort et al., 2011). Preserving connectivity throughout
the northern Rocky Mountains (hereafter Northern Rockies) is cen-
tral to the conservation of many boreal species that are listed or
proposed as threatened or endangered under the Endangered Spe-
cies Act including Canada lynx, wolverine (Gulo gulo), grizzly bear
(Ursus arctos), and woodland caribou (Rangifer tarandus caribou).
Long-term population recovery of these species requires mainte-
nance of short and long-distance connectivity (Clark et al., 2002).
Thus, managers need approaches and tools that identify and main-
tain connectivity for such species across differing spatial scales
(Carroll et al., 2010).
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Important conservation efforts focus on identifying and main-
taining corridors that connect local carnivore populations
(Chetkiewicz and Boyce, 2009) and their habitats (Rabinowitz
and Zeller, 2010). However, identifying conservation corridors
requires several stages of analyses that link species distributions
to suitable habitat across scales (Beier et al., 2009). For example,
patches of habitat that likely contain resident populations can be
generated from a broad-scale spatial gradient in habitat suitability.
Next, a probabilistic surface that predicts fine-scale movement
decisions can depict the functional connectivity between these
populations, as defined by resource-movement relationships (Beier
et al., 2009; Richard and Armstrong, 2010; Dancose et al., 2011).
Reviews of movement ecology (Fahrig, 2007) and corridor conser-
vation (Chetkiewicz et al., 2006) recommend the integration of
both disciplines using least-cost path techniques. Thus, incorporat-
ing these broad- and fine-scale species-habitat relationships is use-
ful to identify areas most important for species connectivity (i.e.
corridors) (Fahrig, 2007; Dancose et al., 2011).

In this study, we integrate three commonly used spatial model-
ing approaches that combine patterns of broad-scale habitat resi-
dency and fine-scale movement behavior into a single depiction
of connectivity for Canada lynx in the Northern Rockies. First, we
use resource selection functions (RSFs) to identify patches of suit-
able habitat for population residency (Mladenoff et al., 1995). Sec-
ond, we complement this broad-scale RSF with fine-scale analyses
of step selection functions (SSF; Fortin et al., 2005); the SSF relates
animal movement to fine-scale habitat heterogeneity. Last, we use
least-cost path analysis to translate our multi-scaled habitat mod-
els into a spatial depiction of lynx habitat connectivity across the
Northern Rockies.

To facilitate practical application of our results for conservation
planning, we characterized habitat resources of lynx using spatial
data layers that are widely available and represent climatic, topo-
graphic, and vegetative heterogeneity. We included data layers
that index important characteristics of lynx resource use, such as
horizontal vegetative cover (Squires et al., 2010). Because horizon-
tal cover decreases during winter (after deciduous leaf-fall), we ex-
pected to observe seasonal differences in lynx movement relative
to vegetative indices (Squires et al., 2010). Finally, in an effort to
prioritize conservation efforts, we quantified the relative likelihood
of lynx crossing major highways, as roads are one of the major
hypothesized anthropogenic threats to lynx connectivity (Carroll
et al,, 2001) in their southern distribution. Evaluating highway
crossings is an important conservation application given the po-
tential impacts of increased vehicle traffic on road networks in
the Northern Rockies (Carroll et al., 2001).

2. Methods
2.1. Study area

Our study area encompassed the occupied range of lynx within
the Northern Rockies as estimated from a compilation of lynx dis-
tribution data collected from 1998 to 2007. The study area border
followed natural topographic and vegetative boundaries to gener-
ally encompass all forested regions with recent evidence of lynx
presence, including all telemetry locations we documented for res-
ident lynx from 1998 to 2007 (N = 81,523 locations, Fig. 1); this
study area represented our best estimate of the current distribu-
tion of lynx in western Montana. The study area spanned a total
of 36,096 km? and included private lands, federal- and state-
managed multiple-use public lands, the Bob Marshall Wilderness
Complex, and Glacier National Park. The Northern Rockies is home
to a diverse boreal carnivore community, many of whom are also of
special concern, including gray wolves (Canis lupus), grizzly bear,

wolverine, and fisher (Martes pennanti). Elevation on the study area
ranged from 530-3190 m and forests varied from dry ponderosa
pine (Pinus ponderosa) and Douglas fir (Pseudotsuga menziesii)
stands at lower elevations to lodgepole pine (Pinus contorta),
western larch (Larix occidentalis), subalpine fir (Abies lasiocarpa),
and Engelmann spruce (Picea engelmannii) at high-elevation sites.

2.2. Lynx capture and monitoring

To identify lynx habitat at a broad spatial scale, we used loca-
tion data from 64 lynx that were monitored as adults and had been
located at least 20 times within a consistent home range (median
Niocations = 561). Lynx were captured from 1998 to 2007 using a
combination of box traps, foothold traps and foot snares following
Kolbe et al. (2003). Animals were fitted with very high frequency
(VHF) radio-collars (Advanced Telemetry Systems, Isanti,
Minnesota, USA), some of which also included Argos platform
transmitter terminals (PTTs; Sirtrack Ltd., Havelock North, New
Zealand) or store-on-board global positioning system (GPS) units
(Lotek Wireless, Newmarket, Ontario, Canada). We used VHF
(N=23), Argos (N=6), and GPS (N =35) data to estimate home
ranges; location accuracy varied among these 3 types of telemetry,
but all were sufficient for identifying home ranges at a broad scale
(Appendix A). To study movement at a fine scale, we used a subset
of 37 (16 females, 21 males) adult lynx fitted with GPS collars that
were captured from 2005 to 2007. We programmed GPS collars to
obtain locations every 30 min throughout discrete 24-h periods,
every other day during both winter (December-April) and summer
(May-September).

2.3. Predicting resident habitat patches using RSF

To define lynx habitat, we calculated a resource selection func-
tion based on logistic regression (Manly et al., 2002) that quanti-
fied the environmental characteristics of resident lynx home
ranges relative to those available across their range in the Northern
Rockies (second-order habitat selection; Johnson, 1980). We used
80% fixed kernel lynx home ranges (N = 64; Rodgers et al., 2007)
to characterize lynx use for comparison with random circular
home ranges (N =1000) equal in area to the median lynx home
range (39.6 km?; Katnik and Wielgus, 2005) that characterized
home range availability across the study area. Random home
ranges were sampled within the species’ range as defined in the
Northern Rockies (see Study Area description; Fig. 1).

We used a combination of categorical maps and continuous
indices based on satellite imagery to capture vegetative heteroge-
neity across the study area, hypothesizing that each may serve as
an index to factors important to lynx ecology. We considered envi-
ronmental variables that characterized vegetative, topographic,
and climatic spatial heterogeneity (Table 1). Specifically, we were
interested in remotely sensed vegetation indices that may serve
as surrogates for field-based measures of vegetative heterogeneity
found to be important in previous studies, such as horizontal cover
or stand age (Squires et al., 2010). For continuous variables we cal-
culated the average value in each used and random home range,
and for categorical values we calculated the proportion of each
used and random home range within each category (Table 1).

We used logistic regression in SYSTAT 11.0 (Systat Software,
Inc., Richmond, California, USA) to compare used to random home
ranges. We weighted random-used cases as 0.0064:1 to provide a
balanced comparison of 64 used to 64 available home ranges and
avoid inflating statistical precision while still allowing a large
and representative random sample of habitat availability. We con-
structed multivariate logistic models of resource selection from
important (P < 0.25) variables that we identified using univariate
logistic regression according to Hosmer and Lemeshow (2000).
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Fig. 1. Selection probability surfaces for: (a) home-range level resource selection function of Canada lynx (white polygons indicate lynx home ranges) within the northern
Rocky Mountains; winter (b) and summer (c) population-level models of step selection functions for Canada lynx movement in the Northern Rocky Mountains, 2005-2007.

Before inclusion in a final model, we further evaluated variables in
terms of their stability, collinearity, biological meaningfulness,
interpretability, and their contribution to the model log-likelihood
(Squires et al., 2010). We added variables to multivariate models
using a manual forward-stepping procedure based on the strength
of univariate relationships as measured by Wald statistics. We then
evaluated whether to retain added variables to multivariate mod-
els according to biological reasoning and statistical likelihood ratio
tests (Hosmer and Lemeshow, 2000). We selectively added and re-
moved variables from multivariate models to see if this changed
the sign or standard errors of variable coefficients to ensure that
our final model was stable and with low collinearity among predic-
tor variables (Hosmer and Lemeshow, 2000).

For model evaluation, we used 2-fold cross-validation to assess
model predictions by randomly dividing our sample of lynx
(N=64) into two subsets and re-estimating the coefficients of
our best model for each subset. We then assessed predictive capac-
ity of each subset model with Spearman-rank correlation statistics
that essentially tested if withheld lynx home ranges were indeed
concentrated in areas of high predicted probabilities of use (Boyce
et al., 2002). We then spatially applied the multivariable RSF across
the study area using:

W(x) = exp(fX1 + faXa + ... + fiXi), 1)

where f; is the RSF coefficient for each predictor variable (i), x; is the
value of each predictor variable (i), and w(x) is a predicted value rel-
ative to the probability of use as lynx resident habitat (Boyce et al.,
2002). To estimate a binary surface of low- versus high-probability
habitat for resident lynx, we used a conservative cut-off value equal
to the lowest predicted value of the observed sample of lynx home
ranges.

2.4. Lynx movement modeling using step-selection functions

Similar to RSFs (Manly et al., 2002), step selection functions are
based on case-control logistic regression of used and available
steps and provide a powerful method for quantifying how organ-
isms respond to their environment using biologically meaningful
scales of availability (Fortin et al., 2005). To study the behavior of
lynx specifically when moving, we used a hierarchical set of rules
to remove GPS locations collected when lynx were likely stationary
according to Olson et al. (2011). This involved using step length
and turn angle data from movement paths to distinguish ‘active’
from ‘resting’ GPS locations (Morales et al., 2004). To distinguish
true movement from that induced by GPS error, we compared
the step length and turn angles leading to each GPS location to
the distribution of step lengths and turn angles from test collars
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Table 1
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Variables used to quantify resource selection and movement behavior of Canada lynx in response to environmental heterogeneity.

Source

VMAP (Brewer et al., 2004)

Pettorelli et al. (2005)
Crist et al. (1986)

Schriever and Congalton (1995)
USGS

Jenness, 2004

Squires et al. (2008)

Weiss, 2001; Jenness, 2006;

US Bureau of the Census (2000)

PRISM Climate Group (2006)

Type Variable name  Description
Vegetation variables  CC.open Canopy closure < 10%
CC.low Canopy closure > 10% & < 25%
CC.mod Canopy closure > 25% & < 60%
CC.high Canopy closure > 60%
VEG.alpine Rock, ice and grasslands above 2000 m
VEG.grass Grasslands and open clear cuts
VEG.shrub Shrub
VEG.xeric Ponderosa pine, Douglas-fir, and western larch forests
VEG.mesic Engelmann spruce, subalpine fire and lodgepole pine forests
VEG.other Water and developed
Vegetation indices NDVI Normalized differenced vegetation index
Bright Tasseled-cap brightness
Green Tasseled-cap greenness
Wet Tasseled-cap wetness
PCA Single band principle component analysis
Topography Elev Elevation (kilometers)
Elev? Elevation (kilometers) squared
Slope Slope (degrees)
Roughness A ratio of 3-dimensional to 2-dimensional terrain surface area
Aspect Cosine transformed into a linear variable between southwest (215°) and northeast (35°)
TPI Topographic position index (500 m scale)
Dist_H20 Distance to water
Climate T.avg Average daily temperature
Precip Average annual precipitation
Snow Average winter snow depth

NOHRSC 2004

known to be in a stationary position. Segments that had a length or
turn-angle within the 70th percentile of the stationary test collar’s
segment distribution were classified initially as ‘resting’; the
remaining segments were classified as ‘active’. Among the remain-
ing ‘active’ segments, we removed GPS points which spiked
abruptly away from clusters of consecutive ‘resting’ points. We
used a non-linear curve fitting procedure (Johnson et al., 2002) to
determine that a 2-state model (distinguishing stationary and
moving states) provided the best fit to observed lynx movements
(Appendix B). We used matched case-control logistic regression
to compare environmental features associated with observed steps
between sequential lynx GPS locations to those associated with 5
control steps, with each case identified using a stratifying variable
(Fig. 2; Hosmer and Lemeshow, 2000). Case-control logistic regres-
sion minimizes variance associated with the stratified variable and
the associated autocorrelation inherent in spatial data collected
along a track over short time intervals (Craiu et al., 2008). We gen-
erated control steps by randomly sampling step lengths and turn

Fig. 2. Depiction of step-selection function that compared USed (m——) [ynx
movement steps to 5 controls ( ) at each GPS location.

angles from their respective distributions in lynx GPS data (Fortin
et al., 2005).

We treated marked animals as the experimental unit, thus
addressing the most common problems associated with resource
selection analyses including the pooling of data across individuals
(Thomas and Taylor, 2006). We constructed individual SSF models
for each animal and season (winter [December-April] and summer
[May-August]) using SAS (SAS Institute, Cary, NC). We then aver-
aged logistic coefficients across individual lynx as an estimate of
the population-level effect of predictor variables on the relative
probability of use (Sawyer et al., 2009). We used a t-statistic to test
if coefficients averaged across individuals were significantly
different from zero (2 <0.1), and included only significant
variables in the population-level model for each season (Hosmer
and Lemeshow, 2000). We considered the same suite of vegetative,
topographic, and climatic variables as when estimating the lynx
habitat RSF. Prior to modeling, we identified and removed
predictor variables with high (|r| > 0.50) multicollinearity based
on Pearson’s pairwise correlation analyses. We did not use an
information theoretic approach such as Akaike’s Information Crite-
rion (Burnham and Anderson, 2002) for model selection because
these methods lack standardized approaches to retain the animal
as the experimental unit and build a population-level model from
common predictor variables (Sawyer et al. 2009).

We mapped seasonal (winter and summer) projections of
spatially referenced use surfaces of lynx movement using the
coefficients from the population-level SSF model in Eq. (1). We
then re-scaled SSF predicted values to probability of use values be-
tween 0 and 1 by dividing each raster cell value by the maximum
predicted value. To remove the effect of a few extreme outliers, we
included only the range of predicted values contained within the
5th - 95th percentiles for the final SSF probability surface.

2.5. Mapping lynx connectivity

We integrated our multi-scale analyses of lynx habitat and
movement behavior with a least-cost path analysis to assess con-
nectivity across the species’ distribution in the Northern Rockies
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(Chetkiewicz et al., 2006; McKelvey et al.,2011). We used the “Cost
Distance” and “Cost Path” functions in ArcGIS® Desktop 9.2 (ESRI,
Redlands, CA, USA) to determine least cost paths from source
points in the north to destination points in the south (Cushman
et al., 2009). We spaced potential source points uniformly at
7 km intervals along the Canadian border in high probability lynx
habitat and we randomly located destination points within all
patches of high-probability lynx habitat in the Northern Rockies.
The western section of the study area was divided from the rest
of the study area by a large reservoir (Lake Koocanusa), which cre-
ates a geographical barrier to movement between east and west
sections. Therefore, we restricted western source points (N =9) to
western destination points (N=25) and eastern source points
(N =12) to eastern destination points (N = 200). To create least-cost
paths that reflect connectivity of ecologically meaningful areas for
lynx, we used the binary RSF model of lynx habitat to identify hab-
itat likely to be occupied by lynx and limited source and destina-
tion points to those areas. We converted the SSF probability
surface to a resistance surface for least-cost path analysis using
the reciprocal of the probability values, so that areas with high
probabilities of use had low resistance values, and areas with
low probabilities of use had high resistance values.

Once least cost paths were generated, we determined the routes
most likely used by lynx by summing the total number of paths
and calculating the percent of this total for routes in which multi-
ple paths overlapped. To evaluate where highways potentially im-
pacted connectivity, we counted the number of putative path
crossings per km for 10-km segments of highway throughout the
species’ distribution in the Northern Rockies.

3. Results
3.1. Lynx habitat in the northern rockies

In the northern Rocky Mountains, Canada lynx selected home
ranges at mid-elevations (X =1681 m, SD =116 m, range = 1425-
1998 m) with low surface roughness, high canopy cover, and little
open grassland vegetation (X§ =94.482, P<0.001; Table 2). The
spatial predictive surface resulting from the RSF model indicated
lynx habitat in the Northern Rockies is distributed in patches at a
landscape scale (Fig. 1). Spearman-rank correlation statistics from
2-fold cross-validation of ranked model prediction bins and the
frequency of values for withheld home ranges were 0.845 and
0.941 for each fold of data, suggesting good predictive fit.

3.2. Lynx movements from step-selection functions

From 2005 to 2007, we modeled how lynx responded to land-
scape heterogeneity based on 33 lynx (22,401 GPS locations) dur-
ing winter and 28 lynx (20,615 GPS locations) during summer.
During winter, SSF coefficients averaged across individuals were

Table 2

Resource selection function coefficients (), standard errors (SE), Wald statistics (Z)
and probability values comparing Canada lynx (N = 64) home ranges in the northern
Rocky Mountains to randomly available home ranges (N = 1000) with multivariate
logistic regression, 1998-2007.

Variable B SE VA4 P
Elevation 128.898 34.047 3.786 <0.001*°
Elevation2 -36.277 9.852 —3.682 <0.001
Surface roughness -50.051 12.105 -4.135 <0.001
High canopy cover (>60%) 3.102 2.154 1.440 0.150
Grass Cover (%) -11.147 7.152 -1.559 0.119
Intercept —59.641 28.002 -2.130 0.033

2 Global Likelihood Ratio Test relative to null model: X2 = 94.482, P < 0.001.

significantly different from zero (« < 0.1) for all significant predic-
tor variables except for aspect and TPI (Table 3). Lynx during win-
ter preferentially traversed habitats characterized by high
greenness and NDVI compared to available movement segments,
but they generally avoided habitats characterized by high PCA (Ta-
ble 3, Fig. 1). During summer, coefficients averaged across individ-
uals were significantly different from zero (< 0.1) for all
significant predictor variables except for aspect (Table 3). Lynx pre-
ferred habitat for movement in summer was generally character-
ized by a greater distance from water (drainages) and with high
greenness, NDVI, PCA, and TPI (Fig. 1). Overall lynx were consis-
tently selective of high values of greenness and NDVI and low val-
ues of surface roughness regardless of season. Lynx did not exhibit
selection (P=0.127) for PCA during summer, but did prefer low
PCA values during winter (Table 4). The spatial application of SSF
predictive models revealed patterned responses of lynx movement
behavior to habitat fragmentation, as indexed by continuous, re-
motely-sensed vegetation metrics greenness, NDVI, and PCA
(Fig. 3). Additionally, population SSF models resulted in spatial
movement surfaces that were generally similar seasonally with
the exception of some contraction in preferred movement habitats
at the southeastern extent of the species’ range in the Northern
Rockies (Fig. 1).

3.3. Lynx connectivity

We generated 2625 least cost paths between all habitat patches
identified with the RSF model across a resistance surface defined
by the SSF model. We found a primary putative corridor for con-
nectivity of lynx from Canada to the Northern Rockies that ex-
tended from the Whitefish Range in the north, along the western
front of the Swan Range and ended near Seeley Lake, MT (Fig. 4).
The majority of paths (up to 64%, N=1673) followed all or a por-
tion of this route, before branching off to destination points in
high-probability lynx habitat identified in our RSF model. A second
putative corridor extended along the east side of Glacier National
Park to the Bob Marshall Wilderness Complex. In general, connec-
tivity paths did not vary seasonally, but there were some seasonal
differences in paths in mountainous areas near Glacier National
Park (Fig. 4). Paths that were located in the western portion of
the study area (N = 225) were less concentrated, which may be par-
tially explained by our treatment of the Lake Koocanusa reservoir
as a barrier, the relatively smaller total area of resident patches
within this isolated portion of the study area, and the close prox-
imity to lynx habitat across the Canadian border.

The majority of least cost paths crossed the US Highway 2 trans-
portation corridor to the north of the Hungry Horse reservoir near
the town of Hungry Horse, MT (Fig. 5). In both summer and winter,
the 10 km stretch of US Highway 2 near the town of Hungry Horse

Table 3

Numbers of Canada lynx with negative and positive relationships to predictor
variables in the Northern Rocky Mountains based on step-selection coefficients from
case-control logistic regression, 2005-2007.

Aspect Dist H20° Green® NDVI* PCA® Rough® TPIP
Winter (N =33)
Negative 15 23 1 8 25 21 14
Positive 18 10 32 25 8 12 19
Summer (N = 28 lynx)
Negative 17 6 2 3 9 22 8
Positive 11 22 26 25 19 6 20

2 Predictor variables with averaged coefficients across individuals significantly
(o < 0.1) different than zero for inclusion in population-level models.

b TPI predictor variable was significant only for inclusion in summer population
model.
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Table 4

Coefficients for population-level, step-selection function models of Canada lynx in the
Northern Rocky Mountains by season, 2005-2007.
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paths crossed other 2-lane highways, though minor crossing areas
were identified along Montana Highways 83, 89, 93, 141, and 200

across the study area (Fig. 5).

Summer Winter

Variable B SE P B SE P ) A

- 4. Discussion
Dist_H20 0.099 0005 0269  0.120 0.033
Green 0003  <0.001 0033 0003  <0.001 )
NDVI 0368  <0.001 1343 0348 0.001 4.1. Lynx movement corridors
PCA 0.003 0127  -0014 0003  <0.001
?g;lgh —2.296 8-335 ggg‘; -3.059 0808 0.001 We used empirical models of both broad-scale resident habitat

and fine-scale movement behavior to collectively identify func-

had the largest number of simulated lynx paths (154.4 and 126.8
paths per km, respectively) connecting northern populations to
destination points in the study area. Relatively fewer predicted

™ High

. Low

tional corridors for lynx conservation. We proposed that connectiv-
ity of lynx in the Northern Rockies is maintained by a primary
north-south corridor that extends from the Canadian border and
proceeds south along the west side of the Bob Marshall Wilderness
Complex. We also identified a putative corridor that traverses the

Lynx Locations O Lynx Locations

Fig. 3. Fragmentation from forest thinning decreased the probability of Canada lynx movements based on a population-level, step-selection function; 2005-2007.

Winter ) Summer

Percent of all
generated paths
following a putative
corridor

0-3.75%
—— 3.76% - 7.5%

7.51% - 15%
e 15.01% - 30%
e 30.01% - 60%
—— Highway

Lake

100 km

Fig. 4. Putative corridors facilitating dispersal from northern populations to patches capable of supporting Canada lynx (shaded areas) in the Northern Rocky Mountains
based on least-cost path analysis of movement surfaces empirically defined using population-level, step-selection models, 2005-2007.
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Percent of putative
corridors crossing
2-lane highways
per 10 km
= 0.1-1.0
1.1-5.0
5.1-10.0
= 10.1-60.0
—— Least Cost Path
Lake

Summer

100 km

Fig. 5. Percent of all putative corridors out of all possible paths that crossed given 10 km stretches of 2-lane highway based on least-cost path analysis within the distribution

of Canada lynx in the Northern Rocky Mountains by season, 2005-2007.

east side of Glacier National Park that connects Canada to northern
portions of the Bob Marshall Wilderness. The putative movement
corridors we identified for lynx also show reasonable correspon-
dence with previously published models for wolverine (Schwartz
et al., 2009), wolves (Oakleaf et al., 2006) and grizzly bears (Mace
et al., 1999). Thus, considerable conservation value may be gained
by combining habitat selection and movement analyses to identify
corridors in the Northern Rockies for other focal species, such as
wolves, grizzly bears, fisher and wolverine (i.e., Carroll et al., 2001).

Some species follow unique patterns of habitat selection during
dispersal movements (Soulsbury et al., 2011), whereas others do
not (Newby, 2011). We assumed when we defined putative corri-
dors that lynx during dispersal would respond similarly to a resis-
tance surface derived from within home-range movements. We
initially hoped to test formally whether dispersing and resident
lynx responded similarly to landscape heterogeneity, but this
was impossible due to a small sample of dispersal movements.
We assumed that broad-scale data layers adequately quantified
environmental heterogeneity for SSF and RSF modeling (Brambilla
et al., 2009). The models we developed were based on data layers
that are widely available to landscape managers, but these model
covariates only coarsely quantify the underlying environmental
heterogeneity. For these reasons, the putative corridors that we
present may be treated as testable hypotheses for further study
using both spatial and genetic methods.

Rates of movement have direct biological importance in how
organisms respond to their environment (Johnson et al., 2002).
Many factors affect an organism’s movement rates, including
physiological constraints, environmental factors, and behavior.
Overall, lynx movement rates in our study area averaged
6.9 km/day (Appendix C), which is considerably higher than those
reported at northern latitudes during periods of high hare density
but similar to those during cyclic lows (Ward and Krebs, 1985). It
seems likely that southern lynx, with lower hare densities and
higher movement rates in general, would be more vulnerable to
factors negatively affecting connectivity. We found no statistical
evidence for an “inter-patch” or dispersal movement state
(Appendix B).

4.2. Response to environmental heterogeneity

Our prediction that lynx would exhibit seasonal differences in
their response to environmental heterogeneity was only partially
supported. In addition to consistent selection for high NDVI and
greenness regardless of season, lynx appeared to conserve energy
by preferentially selecting travel routes with low topographic het-
erogeneity, as observed for other mammals (Bruggeman et al.,
2007), including carnivores (Dickson et al., 2005). We found no
selection (P=0.127) for areas with increased PCA values during
summer; however, lynx avoided these areas during winter (Ta-
ble 4). Principal components analysis of visible and near-infrared
light is correlated with leaf-area index, and used to discriminate
between vegetation types such as coniferous forests, shrubs, and
grasslands (Wang et al., 2001). In our study area, PCA values
tended to decrease in mature forests and increase in young, regen-
erating forest stands. Patterns of PCA selection support previous
evidence of the reliance on older forests during winter and younger
forests during summer by both lynx (Koehler et al., 2008; Squires
et al., 2010) and snowshoe hares (Griffin and Mills, 2009). Although
lynx corridors were generally similar seasonally, their respective
role for conservation may depend on seasonal patterns of lynx dis-
persal. During the breeding season in late winter, males may exhi-
bit extra-home range movement when they seek females.
However, lynx in southern populations often make significantly
longer exploratory or dispersal movements when prey availability
is highest during summer (Apps, 2000; Aubry et al., 2000; Squires
and Oakleaf, 2005). Thus, the winter corridors we identify may best
provide for local connectivity of neighboring breeding populations,
whereas summer corridors may facilitate long-distance dispersal
such as those from range core to periphery.

Ideally, movement studies elucidate the behavioral response of
organisms to environmental heterogeneity (Schick et al., 2008). We
predicted that remotely-sensed vegetation indices would serve as
broad-scale surrogates adequate for distinguishing lynx movement
behaviors likely associated with an important fine-scale compo-
nent of Canada lynx habitat, horizontal cover. Implicit in our
approach is that animals are able to select “best” least-cost paths
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rather than turning around after starting down a poor quality path
or starting down a poor quality path knowing that conditions im-
prove down the track. Previous research has emphasized the
importance of horizontal cover for both lynx (Moen et al., 2008;
Fuller and Harrison, 2010; Squires et al., 2010) and their primary
prey, snowshoe hares (Lepus americanus; Griffin and Mills, 2009).
When building SSF models from strictly satellite-derived indices,
we found that lynx were most consistently sensitive to positive
values of NDVI and greenness when traversing landscapes (Ta-
ble 4). High values of NDVI correlate with dense vegetation cover,
such as evergreen trees in winter or dense shrubs and regenerating
forests in summer, while low values correlate with barren areas
(Gamon et al., 1995). Greenness also provides an index of the den-
sity of green vegetation and correlates with plant biomass and net
primary productivity; like NDVI, greenness values often increase
and then decrease as forests age (Crist et al., 1986; Carroll et al.,
2001). The relationship between remotely-sensed indices and hor-
izontal cover has not been explicitly tested, but the consistent pre-
dictive capacity of these indices in lynx movement models suggest
them as candidate surrogates for this typically field-measured
variable.

4.3. Fragmentation and highway crossings

Habitat fragmentation is clearly detrimental to some taxa
(Crooks, 2002; Laurance, 2008), but the impact of fragmentation
on meso-carnivores is not well understood. Results from our pop-
ulation-level model indicate that changes to vegetation structure
can increase landscape resistance to lynx movements (Fig. 3), how-
ever, there is no evidence that this currently is causing genetic iso-
lation (Schwartz et al., 2002). Although lynx are capable of crossing
hundreds of kilometers of unsuitable habitat, as evidenced by ver-
ified locations in prairie ecosystems (McKelvey et al., 2000), lynx in
the Northern Rockies are sensitive to changes in forest structure
and tend to avoid forest openings (Koehler, 1990; Squires et al.,
2010). The extent to which fragmentation from roads and urbani-
zation can impact connectivity of meso-carnivore populations
likely depends on the physical design of highway improvements,
the surrounding environmental features, the density of increased
urbanization, and the increased traffic volume (Clevenger and
Waltho, 2005; Grilo et al., 2009). Carnivores are especially vulner-
able to highway-caused mortality in areas with dense and high-
traffic volume roadways (Clevenger et al., 2001). For example,
20% of mortalities (13 out of 65) of reintroduced lynx in Colorado
were due to vehicle collisions (Devineau et al., 2010), as well as
19% (16 out of 83) of reintroduced lynx in the Adirondack
Mountains of New York (Aubry et al., 2000). In Germany, 45% of
the mortalities of subadult Eurasian lynx (Lynx lynx) are caused
by traffic accidents (Kramer-Schadt et al., 2004). In adjacent south-
eastern British Columbia, lynx avoided crossing highways within
their home ranges (Apps, 2000).

We documented 44 radiocollared lynx with home ranges within
an 8 km buffer of 2-lane highways; only 12 of these individuals
crossed the highway (Squires, unpublished data). Although the ex-
act crossing locations were unknown, straight lines between sub-
sequent telemetry locations all bisected the highway within a
10 km stretch predicted by our model as a likely crossing area.
These observations increase our confidence in our predicted cross-
ing zones of highways that bisect lynx putative corridors in the
Northern Rockies. Given that increased traffic and urbanization
are projected for the Northern Rockies (Hansen et al., 2002), miti-
gation such as land purchases and conservation easements may be
necessary to preserve connectivity among lynx populations. If traf-
fic volume greatly increases across corridors, the construction of
wildlife crossing structures may be an appropriate conservation
strategy; however the degree to which these structures effectively

connect lynx populations is currently unknown (Clevenger and
Waltho, 2005).
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Influence of biotic interactions on the distribution of Canada lynx
(Lynx canadensis) at the southern edge of their range
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The persistence of cold-adapted species along their equatorial range edge (i.e., southern range edge for species
in the Northern Hemisphere and northern range edge for species in the Southern Hemisphere) is threatened
by climate change. These species will be challenged not just by unfavorable climatic regimes, but also by
changing biotic interactions, which may be more intense along equatorial edges. However, we currently have
a poor understanding of the nature of biotic interactions at range edges and how climate may mediate those
interactions, particularly for cold-adapted mammals. We studied the distribution of threatened Canada lynx (Lynx
canadensis) at their southern range edge in northern Washington, United States from 2014 to 2016. Using data
collected from 397 camera-trap stations in snow-on and snow-off seasons, and single- and 2-species occupancy
models, we investigated seasonal patterns of habitat selection and spatial association of lynx with their primary
prey (snowshoe hares, Lepus americanus) and potential competitors (bobcats, Lynx rufus; cougars, Puma
concolor). Single-species occupancy models revealed lynx distribution was strongly associated with snowshoe
hare abundance and topographic variables related to lower temperatures and increased moisture. In contrast,
bobcats and cougars were more generalized in their habitat associations or displayed the reverse response to
environmental variables. Spatial overlap of the 3 felid species increased during snow-off seasons. Two-species
occupancy models showed a decrease in use of camera sites by lynx when bobcats were present, suggesting lynx
were avoiding their warm-adapted competitor. Taken together, these results suggest that biotic interactions are
partly shaping large-scale lynx distribution patterns along their southern range edge. Increasing temperatures and
loss of snow may result in a combination of habitat isolation and potential for increased competitive interactions
for lynx at the margins of their range.

Key words: biotic interactions, bobcat, camera trapping, Canada lynx, climate change, occupancy, range edge

Species declines, local extinctions, and range shifts are occur-
ring as a result of climate change and may accelerate over the
coming decades (Chen et al. 2011; Zhang et al. 2013). Despite
climate change being one of the key conservation challenges
of the next century, our ability to predict species’ responses
to changing climates remains inadequate (Aratjo et al. 2005).
This knowledge gap is particularly important for montane or
cold-adapted species, which may be some of the most vulnera-
ble to climate change and most in need of informed conserva-
tion strategies (Sekercioglu et al. 2008; La Sorte and Jetz 2010).

A multitude of factors may affect how a species will respond
to climate change (HilleRisLambers et al. 2013); however,

current climate-based niche models that have formed the basis
for range-shift forecasts and conservation policy guidelines
focus primarily on how temperature and precipitation affect spe-
cies distributions (Franklin 2010; Early and Sax 2011; Schwartz
2012). Although these models provide a useful starting point
to understanding how climate change will influence species,
they ignore a potentially key factor impacting the nature of the
response of species to climate change: their interactions with
other species. In fact, changing biotic interactions may be more
important in determining response to climate change than the
effect of altered temperature and precipitation (Schwartz 2012;
Urban et al. 2012; Cahill et al. 2013; Milazzo et al. 2013).
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Accordingly, recent calls have been made for improving our
understanding of how biotic interactions change along climatic
gradients and shape range dynamics and large-scale distribution
patterns (HilleRisLambers et al. 2013; Alexander et al. 2016).
Although experimental studies may ultimately be needed to
address this objective (Alexander et al. 2016), observational
field studies of species interactions along climatic gradients at
the boundary of ranges can provide insight into how interac-
tions shape use of habitat at range limits. Such empirical work
remains rare but may be particularly important at the equatorial
range edge of species (i.e., southern range edge for species in
the Northern Hemisphere and northern range edge for species
in the Southern Hemisphere), where biotic interactions may be
most intense (MacArthur 1972).

Canada lynx (Lynx canadensis, hereafter “lynx”) are a cold-
adapted mammal whose southern (equatorial) range just enters
the northern regions of the United States. Due to their restricted
range within United States borders, lynx in the United States
are federally listed as threatened under the Endangered Species
Act and southern populations are at greater risk of extirpation
than their northern counterparts. Climate change is expected to
negatively impact lynx and simple niche models predict spa-
tially variable contractions in the southern range limit for lynx
as the climate warms (Peers et al. 2014). However, several bi-
otic interactions may be important for lynx persistence along
the southern edge of their range that may alter response to
changing climatic conditions. Lynx are generally dependent on
snowshoe hares (Lepus americanus) as prey, with morpholog-
ical adaptations for pursuit of this prey in deep snow (Murray
and Boutin 1991; Squires and Ruggiero 2007). Although other
prey may be utilized along the southern edge of the lynx’s range
(Ruggiero et al. 1999; Roth et al. 2007; Ivan and Shenk 2016),
snowshoe hares may remain an important prey item. If that is
the case, the distribution of snowshoe hares could influence
large-scale range shifts of lynx in response to climate change
(Peers et al. 2014). In addition, several potential competitors
may influence lynx distribution in marginal, range-edge envi-
ronments. Bobcats (Lynx rufus) are closely related to lynx and
similar in size, but lack adaptations for movement through deep
snow. Bobcats appear to be expanding northward (Lavoie et al.
2009). Past modeling work and anecdotal evidence suggest the
potential for competitive interactions between lynx and bobcats
(Parker et al. 1983; Peers et al. 2013). Cougars (Puma con-
color) also compete with lynx through interference competi-
tion, but such competition may be less intense during winter
when deep snow limits cougar movement (Ruggiero et al.
1999). Interactions between these 3 felid species remain poorly
understood and, in particular, how these interactions may be
mediated by environmental and seasonal variation.

Lynx, cougars, and bobcats are sympatric in only a few loca-
tions in North America, which are located at the southwestern
edge of the geographic range of lynx. Within one of these unique
locations in northern Washington state, we utilized a large-scale
camera-trap array, and single-species and conditional 2-species
occupancy models, to assess broad-scale habitat associations of
these 3 species, seasonal differences (snow-on versus snow-off)

in spatial and temporal overlap, and evidence for negative inter-
actions between lynx and their potential competitors.

We tested several predictions related to how biotic interac-
tions influence lynx distribution patterns. Due to the general
dependence of lynx on snowshoe hares as a prey item, we pre-
dicted that broad-scale lynx occupancy patterns will be influ-
enced by the distribution of snowshoe hares. Given that bobcats
and cougars are potential competitors with Canada lynx, we
predicted that, in areas of overlap, there will be evidence of
spatial or temporal avoidance of bobcats and cougars by lynx.
Lastly, due to the morphological advantages of lynx in deep
snow, we predicted that the distributional overlap between lynx
and their potential competitors (bobcats and cougars) will be
greatest in snow-off seasons.

MATERIALS AND METHODS

Study area.—We conducted the study within a 551-km? land-
scape located in Loomis State Forest, north-central Washington,
United States (Fig. 1). Loomis State Forest is managed by the
Washington Department of Natural Resources and contains one
of the last remaining lynx populations in Washington, where
lynx are listed as State Endangered. Elevation in the study area
ranged from 330 to 2,520 m (average = 1,266 m). The area had
hot dry summers, with less than one-half of the precipitation
falling as rain, and cold winters, where the majority of annual
precipitation was snow. The average annual precipitation was <
50 cm and the temperature ranged from —23°C to 31°C (NOAA
2018). As a managed forest, the study area was impacted by
extractive forestry, cattle grazing (in summer and fall), and rec-
reational activities.

Data collection.—We collected data using remote infrared-
sensing cameras between July 2014 and August 2016 following
the guidelines of the American Society of Mammalogists (Sikes
et al. 2016) and Washington State University TACUC protocol
No. 04748-002. Within our study site, we used a random point
generator in ArcMap 10.4.1 (ESRI 2016) to choose locations
for camera placement with the criteria that the cameras would
be > 500 m apart and placed along roads and trails (Fig. 1).
A few areas of Loomis State Forest were devoid of roads or
trails and were omitted from camera placement. We placed
cameras on the tree or other vertical structure (e.g., fence post)
nearest to the randomly selected point, provided that the tree
was set back > 3 m from the road and had a clear view of the
road or trail. We used placement of cameras along roads and
trails to increase detection probability for the 3 carnivores,
given much greater detection probabilities for on versus off
roads and trails (Harmsen et al. 2010; Kays et al. 2017). We
placed cameras in both snow-off (May—October) and snow-on
(December—April) seasons. Only a single camera was placed at
each site. We did not place an attractant or lure of any kind in
front of the camera, due to concerns that this might create dif-
ferential positive or negative responses by the study species and
heterogeneity in detection as the lure decayed.

We created detection matrices (1 = detected, O = not detected)
for each species (lynx, bobcat, cougar, snowshoe hare), for
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Fig. 1.—Inset shows location of the study area in Washington. Main figure shows the location of camera-trap stations (green dots) in snow-on (A)
and snow-off (B) seasons. Background is a hillshade indicating the topography of the study area, with roads and streams indicated in black and

blue lines, respectively.

each camera, per 5-day sampling intervals within a camera
deployment. As cameras were > 500 m apart, often located
on distinct trail systems, and detections were combined into
5-day intervals, detections at neighboring cameras, even when
of the same animals, were considered to be independent obser-
vations of how each species used and co-occurred within the
large study area. Because photos were time stamped, we also
extracted information about time of day from the images for
use in activity modeling.

Occupancy and detection covariates.—We calculated several
covariates that we hypothesized would influence occupancy or

detection in the immediate vicinity of each camera site (includ-
ing a 50-m buffer around the camera location). Covariates for
detection included trail type (primary roads that were heavily
used by vehicles versus secondary roads and hiking trails that
had lower vehicle use) and season (snow-off versus snow-on).
Season was included as a detection covariate due to the possi-
ble differential use of trails during seasons with low versus high
vegetative cover on the landscape. For occupancy covariates,
we selected a small number of variables that were known or
suspected to influence lynx distribution based on previous stud-
ies, and that also likely related strongly to occupancy of bobcats
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and cougars. We purposely limited the number of variables to
reduce correlations between predictors and decrease the num-
ber of parameters to be estimated in the single- and 2-species
occupancy models. At each camera site (with a 50-m buffer),
we calculated average values of several variables reflecting the
abiotic environment (“abiotic” model). These included eleva-
tion, slope, and aspect from the National Map Viewer (National
Map 2015). Elevation and aspect relate strongly to tempera-
ture and snow accumulation and retention as well as overstory
association on the landscape (Romano and Palladino 2002).
Increasing elevation as well as north-facing slopes (particularly
in snow-off seasons) have been found to correlate with increas-
ing use by lynx (Koehler 1990). Slope (the ratio of elevation
change to horizontal distance) relates to ease of mobility across
a landscape, moisture retention, and overstory association;
less steep slopes have been found to be an important covari-
ate of lynx use (Koehler et al. 2007). Climatic and topographic
conditions reflected in these abiotic variables also likely exert
strong effects on bobcat and cougar occupancy (Koehler and
Hornocker 1991; Ruggiero et al. 1999; Dickson and Beier
2007, Peers et al. 2014).

We also calculated 2 variables related to the vegetative char-
acteristics of the environment (“vegetation” model), including
canopy cover from LANDFIRE datasets (LANDFIRE 2012)
and the normalized difference vegetation index (NDVI) from
the National Agriculture Imagery Program. Increasing canopy
cover gives lynx and their prey safety while moving, resting,
and hunting or foraging and lynx have been found to select
habitats with increasing canopy cover (Squires et al. 2013).
The NDVI gives a measure of live green vegetation and its con-
dition. The greater the amount of healthy, productive vegeta-
tion (high NDVI values), the more browse and cover available,
even in areas of low canopy cover. The NDVI has been found
to be a positive indicator of use by lynx (Carroll et al. 2001).
Bobcats and cougars also have been associated with heavier
cover (Koehler and Hornocker 1991; Holmes and Laundré
2006; Tucker et al. 2008; Thornton and Pekins 2015). Finally,
we calculated the ratio of snowshoe hare detections (no more
than 1 per hour per camera) to camera-trapping days to get a
variable reflecting the availability of hares at each camera sta-
tion (“hare” model). Although we expected this final model
to be a primary influence on lynx distribution, we kept it as a
model for the other 2 species for comparison with lynx. We did
not attempt to model occupancy of snowshoe hares, but rather
used the rate of detections of hares as an index of prey abun-
dance at camera sites, which is a common approach (e.g., Kays
et al. 2017; Rich et al. 2017). All continuous covariates were
standardized prior to analysis. We found no evidence of corre-
lation among the predictors used in the analysis (all correlation
coefficients were < 10.35l; Table 1).

Single-species occupancy models.—QOccupancy models are
the preferred approach for dealing with large-scale data on spe-
cies presence and absence, because they can account for the fact
that species will not be detected 100% of the time in sites where
they are present (MacKenzie et al. 2002). Through repeated
surveys of a site (i.e., 5-day intervals in our study), detection

Table 1.—Correlation matrix of occupancy covariates used in
the single- and 2-species occupancy models for Canada lynx (Lynx
canadensis) at the southern edge of their range in Washington, United
States. Correlations were less than 0.4 for all comparisons, indicating
that multicollinearity was not a concern for our analysis. CAN = per-
cent canopy cover; ELE = elevation; HARE = snowshoe hare ratio;
NDVI = normalized difference vegetation index; SLO = slope.

NDVI CAN ELE SLO HARE
NDVI -0.004 -0.345 0.113 0.079
CAN -0.004 -0.010 0.115 0.021
ELE —-0.345 -0.010 -0.170 0.223
SLO 0.113 0.115 -0.170 -0.134
HARE 0.079 0.021 0.223 -0.134

histories can be used to estimate probability of occupancy (1)
and detection (p). Lynx in our study may have had more than 1
camera trap within their home range, and thus moved between
those sites during sampling. Therefore, the occupancy prob-
abilities estimated in our study are related to the local probabil-
ity of use of a camera location (MacKenzie 2006), and should
be interpreted as estimates of “use” instead of traditional
“occupancy.” We analyzed data for the 2 seasons together using
what MacKenzie et al. (20006) referred to as the implicit dynam-
ics approach. We combined data from snow-off and snow-on
seasons into one dataset, and created a final covariate indicat-
ing the status of the season (snow-off versus snow-on) prior to
analysis. Given that snow may be an important factor in niche
separation of these species, combining data allowed us to deter-
mine whether occupancy and the relationships between occu-
pancy and habitat covariates changed between seasons when
snow was present on the landscape versus absent, by includ-
ing the interaction between season and habitat covariates in all
models (see below).

We built occupancy models in a sequential manner. We first
determined the parameters that best predicted detection in
single-species models, holding occupancy constant. We tested
several different detection models, where we included neither,
one, or both detection covariates. We used the model that had
the lowest value of the Akaike Information Criterion corrected
for small sample size (AICc—Burnham and Anderson 2002)
to determine which detection covariates to include in subse-
quent steps. Using the parameters that best predicted detec-
tion, we then fit a series of single-species occupancy models
for each species to determine the covariates that best predicted
occupancy. We tested abiotic, vegetative, and hare models sin-
gly and in combination (Table 2). We compared models using
AlCc and selected the model with the lowest AICc as the most
parsimonious model. Model goodness-of-fit was calculated on
global models using the MacKenzie-Bailey goodness-of-fit test
implemented in program PRESENCE 10.1 (Hines 2006).

Two-species occupancy models.—As a last step in the
model-building process, we fit conditional 2-species occu-
pancy models (Richmond et al. 2010) for pairs of poten-
tial competitors with lynx: lynx—bobcat and lynx—cougar.
Conditional 2-species occupancy models are a recently
developed extension of occupancy models that allow for the
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Table 2.—Model comparison set for Canada lynx (Lynx canadensis), bobcat (Lynx rufus), and cougar (Puma concolor) single-season occu-
pancy models at the southern edge of the range of lynx in Washington, United States. Columns indicate the model tested, and AICc weights that
indicate the likelihood of each model being the best model, given the overall model set. Note that a metric of snowshoe hare abundance was

included in the top-ranked model only for Canada lynx. AICc = Akaike Information Criterion corrected for small sample size.

Canada lynx Bobcat Cougar

Model* AICc weight Model AICc weight Model AICc weight
Abiotic + hare 0.9100 Abiotic 0.4352 Abiotic 0.4796
Abiotic + vegetative + hare 0.0895 Abiotic + hare 0.2500 Abiotic + hare 0.2855
Abiotic 0.0002 Abiotic + vegetative 0.2116 Season 0.1386
Abiotic + vegetative 0.0002 Abiotic + vegetative + hare 0.0730 Hare 0.0300
Vegetative + hare 0.0000 Vegetative 0.0139 Abiotic + vegetative 0.0281
Hare 0.0000 Null 0.0064 Abiotic + vegetative + hare 0.0273
Null 0.0000 Season 0.0050 Vegetative 0.0052
Season 0.0000 Vegetative + hare 0.0033 Null 0.0043
Vegetative 0.0000 Hare 0.0016 Vegetative + hare 0.0013

* The abiotic model includes elevation, slope, and aspect; the vegetative model includes percent canopy cover and normalized difference vegetation index; the hare
model includes the hare detection ratio; the season model includes a variable denoting snow-on or snow-off season; the null model did not include any covariates.
All interactions between season and other covariates are included in each model, in order to allow the influence of covariates on occupancy to vary according to

the presence of snow on the landscape.

assessment of positive or negative interactions between spe-
cies by allowing the probability of occupancy or detection
of a subordinate competitor to be dependent on occupancy
or detection of a dominant competitor at that site (Richmond
et al. 2010; Robinson et al. 2014). For our analysis, we des-
ignated lynx as the subordinate competitor, based on previ-
ous anecdotal evidence of species interactions (Parker et al.
1983; Squires and Laurion 2000; Murray et al. 2008), recent
modeling work (Peers et al. 2013), and differential patterns in
recent range shifts (McKelvey et al. 2000a; Lavoie et al. 2009;
Koen et al. 2014). Two-species occupancy models allow for
the inclusion of habitat covariates of importance to each spe-
cies for occupancy and detection. By including habitat covari-
ates in the models, we decrease the likelihood that avoidance
of the dominant species is confused with differential habitat
selection (as habitat relationships independent of competition
can influence co-occurrence). Our analyses are, therefore, a
conservative test of interactions between the species pairs, as
habitat associations may themselves result because of compet-
itive exclusion in suboptimal habitats. We included the habitat
covariates that appeared in best single-species models for each
species in the 2-species models. We used a model selection
approach to determine if lynx occupancy or detection were
influenced by the dominant species. We ran 6 different models:
1) “Dependent,” where both occupancy and detection of lynx
are dependent on the occupancy and detection of the dominant
species; 2) “Occupancy-Independent,” where lynx occupancy
is independent of the dominant species; 3) “Detection-
Independent,” where detection of lynx is independent of the
dominant species; 4) “Detection-in-Interval-Independent,”
where occupancy and detection of lynx is dependent on occu-
pancy and detection of the dominant species, but independent
of recent detection; 5) “Occupancy-Detection-in-Interval-
Independent,” where occupancy and detection of lynx within a
sampling interval is independent of the dominant species; and
6) “Independent,” where detection and occupancy of lynx are
independent of the dominant species.

All models were initially fit by allowing the effect of the
competitor to vary between seasons, and holding that effect
constant. However, the models where the competitor effect was
allowed to vary between seasons were not competitive and are
thus not considered further. Two-species models were com-
pared using AIC to see which model best predicted occupancy
and detection of lynx. All 2-species occupancy models were fit
in program PRESENCE 10.1 (Hines 2006).

Daily activity patterns.—We used the package “overlap”
(Meredith and Ridout 2016) to estimate the activity patterns
and temporal overlap of lynx, bobcats, and cougars during
snow-on and snow-off seasons. To confirm that we had enough
detections to sufficiently represent the activity patterns of the
species of interest, we used hourly accumulation curves from
the package “vegan” (Oksanen et al. 2016), which indicated
sufficient activity data for the analysis for all species in both
seasons (Supplementary Data SD1).

Seasonal spatial overlap.—We calculated the amount of sea-
sonal spatial overlap between lynx, bobcats, and cougars in several
ways: 1) we determined the number of cameras that were jointly
occupied by each species in each season; 2) we derived a mini-
mum convex polygon around occupied camera stations and over-
lapped those polygons for lynx—bobcat and lynx—cougar in each
season; and 3) we derived a kernel density surface in ArcMAP
10.4.1 (ESRI 2016) for each species, with number of detections
as the Z axis, and overlapped the density surfaces for each species
pair in each season. We made this latter comparison because the
number of detections at a site has been related to increased inten-
sity of use of a location (Rowcliffe et al. 2008). Overlap of the
minimum convex polygons was measured in area and overlap of
the kernel density surface was measured in volume. We note that
because we were not adjusting for detection in these analyses, but
simply used presence locations to derive our overlap estimates, our
results for spatial overlap should be viewed with some caution.
However, overall detection rates at cameras stations were quite
high for each species (see below), and therefore should not have
resulted in a substantial bias in our estimates of overlap.
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RESuLTS

Single-species occupancy models.—We surveyed 205 camera
stations during the snow-on season (16,259 camera-trapping days)
and 192 camera stations during the snow-off season (10,940 cam-
era-trapping days). We report effects from occupancy models in
terms of odds ratios, where odds of success = probability of suc-
cess (e.g., occupancy) / probability of failure (e.g., absence), and
odds ratio = odds of success at one level of a covariate compared
to another level of a covariate, where 1 indicates equal odds of suc-
cess at both levels. Best detection covariates were season for lynx
and trail and season for bobcats and cougars (Supplementary Data
SD2). All 3 species had lower probabilities of detection in snow-on
seasons, where the odds of detection in snow-on seasons decreased
by a factor of 0.65, 0.39, and 0.37 at the cameras for lynx, bobcats,
and cougars, respectively. Bobcats and cougars were less likely to
be detected at cameras located on secondary versus primary trails
(odds of detection on secondary trails decreased by a factor of 0.51
and 0.50 compared to primary trails for bobcat and cougars, re-
spectively). Overall detection probabilities were fairly high for all
3 species, demonstrating the efficacy of our sampling method (the
probability of detecting a lynx, bobcat, or cougar in a 90-day pe-
riod, given its presence in the sampling area of the camera, was
0.87, 0.82, and 0.80, respectively)

Best occupancy models for lynx included abiotic and hare
covariates whereas best occupancy models for bobcats and
cougars included only abiotic covariates (Table 2). Based on
large parameter estimates relative to SEs, and in accordance
with our 1st prediction, use by lynx was highly associated with
availability of hares (Table 3; Fig. 2). Elevation also was highly
influential (Table 3), with odds of use increasing by a factor
of 2.44 and 2.71 for a 1 SD increase in elevation in snow-off
and snow-on seasons, respectively. There also was a substantial
interaction between hares and season, and south-facing slopes
and season, with the hare detection ratio and south-facing
slopes exerting a more positive effect on use in snow-on sea-
sons (Table 3). In comparison to lynx, use of camera sites by
bobcats was not associated with the hare detection ratio, and
responses to abiotic variables were largely opposite to those
of lynx (Fig. 3; Table 3). For cougars, use of camera sites was
influenced strongly by an interaction with elevation and season,

with elevation exerting a positive influence on use in snow-off,
and a slight negative effect in snow-on seasons (Fig. 3).

Two-species occupancy models.—The top-ranked 2-species
model for lynx—bobcat was a model in which use of a camera
site by lynx depended on whether a bobcat also was present
at that site, but detection of lynx was unaffected by presence
or detection of bobcats (Table 4). In accordance with our 2nd
prediction, parameter estimates of this model indicated that
lynx were negatively influenced by the presence of bobcats at a
camera station, where odds of use increased by a factor of 2.71
when bobcats were not present, although there was substantial
variability in this effect (95% CI of the odds ratio just included
1.00; 0.99-7.46). However, contrary to expectations, avoidance
was not more pronounced in snow-off versus snow-on seasons,
as models that allowed the effect of bobcat to vary per season
were not competitive. We reran the lynx—bobcat model without
the habitat covariates and found a strong negative association
between lynx and bobcats. By including the habitat covariates,
we are performing a more conservative test of interactions,
as our habitat associations explain some of the segregation
observed in the species distribution. Best models for lynx—cou-
gars indicated that presence and detection of lynx was inde-
pendent of presence and detection of cougars (Table 4).

Daily activity patterns.—Lynx had a mainly nocturnal ac-
tivity pattern during the snow-off seasons and a constant ac-
tivity throughout the day and night in the snow-on seasons
(Supplementary Data SD3). Bobcats and cougars had very sim-
ilar nocturnal activity patterns to lynx but both displayed more
activity throughout the day in snow-on seasons with less mid-
day activity than lynx (Supplementary Data SD3). Estimates
of activity overlap between lynx and bobcats changed insignif-
icantly between seasons (overlap = 0.81; 95% CI = 0.63-0.84
during snow-on and 0.86; 95% CI = 0.76-0.93 for snow-off).
Overlap between lynx and cougars remained constant at 0.78
for both seasons.

Seasonal spatial overlap.—Obvious patterns of spatial seg-
regation of the 3 species in both seasons are apparent from
the detection data (Fig. 4). In accordance with our 3rd predic-
tion, spatial overlap of lynx and other felids increased during
snow-off seasons. The number of cameras with dual occupancy

Table 3.—Occupancy and detection parameter estimates from the best single-season occupancy models for Canada lynx (Lynx canadensis),
bobcats (Lynx rufus), and cougars (Puma concolor) at the southern edge of the range of lynx in Washington, United States. Continuous variables
are on a standardized scale, and thus parameter estimates indicate the influence on the log odds of occupancy for a 1 SD increase in that variable.
SE for each estimate is shown in parentheses. Note that all models were tested with an interaction term included between snow and the other
variables in the model, to allow the influence of habitat variables to change between snow-on and snow-off seasons. Description of occupancy
variables is given in main text. Asp (S) = south-facing aspect; S: = snow-on interaction with covariate; S (det) = snow-on as a detection covariate;

trail (det) = secondary trail as a detection covariate.

Parameters

Species Snow-on Asp (S) Elevation Slope Hare S:elevation S:slope S:asp (S) S:hare S (det) Trail (det)
Lynx —-0.705 —-0.504 0.891 —-0.233 0.457 0.106 -0.33 2.426 2.06 —-1.04
(0.650) (0.432) (0.348) (0.239) (0.186) (0.519) (0.408) (0.882) (0.902) (0.236)
Bobcat —-0.875 -0.616 -0.413 0.152 0.121 0.875 0.724 -0.491 -0.681
(0.651) (0.4523) (0.406) (0.241) (0.492) (0.539) (0.665) (0.194) (0.196)
Cougar -1.9713 0.354 0.7163 0.3911 —1.0344 —0.3531 1.0847 —0.468 -0.702
(0.616) (0.487) (0.385) (0.294) (0.470) (0.379) (0.729) (0.288) (0.241)
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Fig. 2.—Influence of hare detection ratio on probability of use by
Canada lynx (Lynx canadensis) in both snow-on and snow-off seasons
obtained from the top-ranked single-species occupancy model. Dotted
lines represent 95% ClIs on the effect. Hares are influential on proba-
bility of use of camera sites by lynx in both seasons, but with a more
marked effect in snow-on seasons, perhaps because fewer alternative
prey are available in winter.

of lynx—bobcat and lynx—cougar increased from snow-on to
snow-off seasons from 8§ to 10 and 9 to 14, respectively. Area of
overlap of minimum convex polygons also increased in snow-
off seasons for lynx—bobcat and lynx—cougar comparisons
(increase in overlap of 91 and 56 km?, respectively) and kernel
density overlap increased by 63.9% and 93.1% from snow-on
to snow-off seasons for lynx—bobcat and lynx—cougar.

DiscussION

Our analysis demonstrates that habitat use patterns of lynx at
the southern edge of their range are driven in part by biotic
interactions. Lynx responded strongly to prey availability even
after accounting for other potential habitat and topographic
covariates. Moreover, the negative influence of bobcats on use
of camera sites by lynx also suggested that competitive inter-
actions with more warm-adapted competitors may play a role
in shaping lynx distribution on this landscape. While this in-
fluence appeared to be variable, there was a large decrease in
probability of use of camera sites by lynx when bobcats were
present. Because overlap of bobcat and lynx increased in snow-
off seasons, these results indicated the potential impact of
changing climatic conditions on the intensity of biotic interac-
tions on this landscape. However, given the high variability in
the effect of bobcat on lynx and the correlative nature of our

analysis, evidence for or against the role of species interactions
in our system would be strengthened by examining interactions
at larger scales (e.g., at the level of the home range occupancy)
where the effect of biotic interactions may be less intense or dis-
cernable (Aradjo and Rozenfeld 2014), in more detail through
telemetry, or taking advantage of natural experiments such as
range expansions or reintroductions that would provide stronger
causal inference (Alexander et al. 2016). Additional studies in
other systems with different environmental characteristics (e.g.,
less topographic variability) also are needed to investigate the
generality of the lynx—bobcat interactions that we documented.
At the landscape scale over which we are working, however,
our approach provided an excellent starting point for exploring
how distribution patterns may be influenced by competitors in
range-edge environments, and our results added to the small but
growing literature regarding the importance of biotic interac-
tion in shaping distribution patterns and potentially range limits
(Urban et al. 2012; Wisz et al. 2013), which may be especially
prevalent at the equatorial edge of a species’ range (MacArthur
1972; Normand et al. 2009; Schemske et al. 2009).

Limited evidence suggests that resource—consumer interac-
tions may influence range shifts or broad-scale distribution
patterns, and such interactions may be most important for die-
tary specialists that could be most at risk of spatial mismatch
with key resources (Schweiger et al. 2008; Hof et al. 2012;
Peers et al. 2014). Our work supported this idea, as the avail-
ability of snowshoe hares was positively associated with use
of the cameras sites by lynx, and that association was stronger
in snow-on seasons. Dependence of lynx on snowshoe hares,
as well as their responses to declines in hares, is well docu-
mented (e.g., Koehler 1990; O’Donoghue et al. 1997). Even at
the southern edge of their range, where densities of snowshoe
hares are comparatively low (Wirsing et al. 2002) and lynx diet
may be more diverse (Ruggiero et al. 1999; Roth et al. 2007;
Ivan and Shenk 2016), hares can exert a strong influence on
landscape-level distribution patterns (Vashon 2007; Fuller and
Harrison 2010; this study). The increased influence of hares
on lynx in the winter may be a function of lesser availability
of alternative prey or fewer intraguild competitors. Given that
Iynx have a predation advantage in deep snow (Murray and
Boutin 1991), if snow-on seasons are reduced in length or in-
tensity due to climate change, the ability of lynx to specialize
on snowshoe hares may be jeopardized, or exploitative com-
petition with other carnivores may be more likely. Bobcats
and cougars were not strongly associated with snowshoe hares
on this landscape, therefore the potential for competition for
food between felids may be diminished. However, the degree
to which exploitative competition influence lynx remains a
knowledge gap along their southern range edge (Murray et al.
2008). Furthermore, snowshoe hare populations along the
southern margin may decline or shift northward as the climate
warms and snow cover decreases (Diefenbach et al. 2016;
Sultaire et al. 2016; Burt et al. 2017), affecting the southern
distribution of lynx even in the absence of increased competi-
tion for food.

Evidence of negative interactions between lynx and bobcats
supports research showing that bobcats may be displacing lynx,
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Fig. 3.—Influence of elevation on probability of use by Canada lynx (Lynx canadensis), bobcats (Lynx rufus), and cougars (Puma concolor) in
both snow-off and snow-on seasons based on the top-ranked single-species occupancy models for each species. Dotted lines represent 95% CIs
on the effect. Note that the cold-adapted lynx have the reverse response to elevation compared to their warm-adapted congeneric competitor (bob-
cats), and the strong interaction between season and response to elevation seen for cougars.

Table 4.—Model comparison table for 2-species occupancy models for Canada lynx (Lynx canadensis) and bobcats (Lynx rufus) or cougars
(Puma concolor) at the southern edge of the range of lynx in Washington, United States. In both comparisons, lynx are designated as the subor-
dinate competitor and either bobcats or cougars as the dominant competitor. Several cougar models did not converge and were discarded. We,
therefore, present a reduced model set for cougars. The best model for Canada lynx and bobcats indicated that lynx occupancy, but not detection,
was affected by presence of bobcats at a camera site, whereas the best model for Canada lynx and cougars indicated that neither occupancy nor
detection of lynx was affected by presence of cougars at a camera site. AICc = Akaike Information Criterion corrected for small sample size.

Model AAICc AICc weight Model likelihood # of parameters —2*log-likelihood

Bobcat-lynx
Detection-Independent 0.00 0.3714 1.0000 25 2981.05
Independent 1.23 0.2008 0.5406 24 2984.28
Detection-in-Interval-Independent 1.63 0.1644 0.4426 26 2980.68
Occupancy-Independent 2.13 0.1280 0.3447 26 2981.18
Dependent 2.89 0.0876 0.2357 27 2979.94
Occupancy-Detection-in-Interval-Independent 4.10 0.0478 0.1287 25 2985.15
Null 58.18 0.000 0.0000 11 3067.23

Cougar-lynx
Independent 0.00 0.5195 1.0000 24 2348.31
Occupancy-Independent 1.17 0.2894 0.5571 26 2345.48
Occupancy-Detection-in-Interval-Independent 2.00 0.1911 0.3679 25 2348.31
Null 60.00 0.0000 0.0000 11 243431
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Fig. 4.—Canada lynx (Lynx canadensis), cougar (Puma concolor), and bobcat (Lynx rufus) detections at camera-trap stations during snow-on
and snow-off seasons. Results are summarized for all cameras within 2 x 2 km grid cells (hollow squares) for ease of display. Height of the bar

represents the number of detections of each species within that grid.

or altering their niche, in areas of overlap (Parker et al. 1983;
Peers et al. 2013). Lynx and bobcats are virtually the same size
on this landscape, and bobcat densities appear to be quite high
in our study area (A. E. Scully, pers. obs.), which could be a
factor in lynx avoidance of bobcats. Although spatial overlap
of these 2 species increased in snow-off seasons, there was lim-
ited overlap during winter as well, which may have been facili-
tated by presence of roads or snowmobile trails that allowed
access to deep-snow sites for the more warm-adapted bobcats
(as has been found for coyotes, Canis latrans—Bunnell et al.
2006; Dowd et al. 2014). A failure to find any negative effect of
cougars on lynx occupancy was surprising; previous research
has found that cougars will kill smaller felids when they are
sympatric (Koehler and Hornocker 1991), could easily scare
a lynx off a recent kill (Ruggiero et al. 1999), and have been
found to be a significant source of lynx mortality (Squires and
Laurion 2000). Lack of an interaction with lynx could be driven
by lower cougar densities on our landscape, or be a methodo-
logical artifact of using cameras to assess interactions across
a landscape that likely only encompassed a small number of
cougar home ranges.

Single-species models reveal the difficulties lynx may face
as the climate warms. Lynx responded positively to higher ele-
vations in all seasons, northern aspects in summer and south-
ern aspects in winter, and gentle slopes. These factors are tied
to moisture retention, colder temperatures, and deeper snow,
and have been found to be influential to habitat use by lynx in
other studies (Koehler 1990; Koehler et al. 2007; Squires et al.
2010). Although the interaction between season and slope and
elevation was not strong, parameter estimates were in the direc-
tion expected based on previous work, with elevation being a
stronger influence in summer and slope in winter (McKelvey
et al. 2000b). These same covariates, though in the opposite
direction of influence, were important to habitat use by bobcats
(Table 3), and cougars displayed a marked negative response to
elevation in winter. Interestingly, the vegetative model did not
come out as important in our analysis for any of the 3 species,
but the effect of the cover variables we used may have been
much less important for landscape-scale distribution than the
topographic variables that were strongly associated with both
climate and distinct habitat types (e.g., subalpine fir) on our
landscape. The single-species models and topographic patterns
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of use in snow-on and snow-off seasons do suggest that as
climate change progresses, habitat available to lynx will be
reduced to high-elevation enclaves with increasing encroach-
ment from their potential competitors.

One caveat to our analysis is that placement of cameras
along roads and trails meant that we may have been document-
ing more than one kind of “use” of the landscape, including
territorial patrolling, movement from one foraging location to
another, or active foraging along the trail. Because linear fea-
tures like roads often serve as territorial markers and pathways
for rapid movement of carnivores (Tucker et al. 2008), place-
ment of cameras along roads and trails may have been more
likely to detect the former 2 types of use than the later. Given
that the influence of environmental variables on use patterns
of lynx that we found were consistent with other studies, we
doubt placement of cameras along trails strongly biased our
conclusions, and trail-based camera studies are often used to
make inferences about habitat use and occupancy (e.g., Kelly
and Holub 2008; Jenning et al. 2015; Lewis et al. 2015; Rich
etal. 2017) as well as species interactions (Harmsen et al. 2008;
Farris et al. 2017). If placement of cameras along trails is indeed
more likely to detect rapid or directed movement of carnivores
from one location to the next rather than intensive foraging,
such a design may be less likely to see evidence of fine-scale
avoidance behavior and thus our multispecies models may have
been conservative. In addition, placement of cameras was close
enough that the same individuals could be observed at many
points. We believe the observations represent independent
choices about habitat use by animals given the distance and
time needed to travel between locations. However, our results
likely include repeated measures of animals and further work
in other locations should validate whether patterns we observed
hold for other populations.

Compelling evidence for temporal niche partitioning was
not suggested during any season. We found high levels of
activity overlap throughout the year (ranging from 78% to
86%). Moreover, all 3 species switched from strongly noc-
turnal activity patterns during the snow-off seasons to a
more even pattern of activity throughout the entire day (e.g.,
smaller nighttime peaks), suggesting climatic and seasonal
life history considerations were the main determinants of
activity. Other studies of southern lynx populations indicate
a seasonal shift to relatively more daytime, and in partic-
ular, late afternoon activity, during the snow-on season with
substantial overlap with potential competitors (Kolbe and
Squires 2007).

Our results indicated that changing biotic interactions could
impact cold-adapted species along their southern range edge.
Of particular note, in the context of climate change, was that
spatial overlap of lynx and potential competitors was more pro-
nounced in snow-off seasons. This is a likely scenario for many
cold-adapted species at their southern range edge that will be
exposed to increasingly greater overlap with warm-adapted
competitors as climate barriers are removed. Given that con-
sumer—resource associations also were partly dependent on pres-
ence of snow on the landscape, we suggest that incorporation

of consumer-resource and competitor interactions in predictive
models of responses to climate change is essential to ensur-
ing proper conservation strategies for sensitive cold-adapted
species (e.g., Trainor et al. 2014). In the specific case of lynx,
developing detailed predictions of responses of hares to climate
change and forestry practices that encourage robust snowshoe
hare populations (Stenseth et al. 1997) will be highly bene-
ficial to lynx at their southern range edge. Forestry practices
also could be relevant to the ability of potential competitors of
lynx to occupy high-elevation forested environments, given the
relatively greater tolerance of many generalist competitors to
habitat fragmentation (Buskirk et al. 2000). Furthermore, the
environmental associations we document suggest that protect-
ing habitat in high-elevation environments that will be the most
resistant to climate change and invasion by competitors, as well
as paths of connectivity between high-elevation environments,
may be important to persistence of lynx along their southern
margin. High-resolution data on current and future character-
istics of snow could help further refine distribution models for
lynx, as well as predict changes in and consequences of interac-
tions with other carnivores. Finally, we encourage more work
to document the habitat and biotic associations in range-edge
environments.

SUPPLEMENTARY DATA

Supplementary data are available at Journal of Mammalogy
online.

Supplementary Data SD1.—Hourly accumulation curves
showing that the asymptote of the number of the observations
needed to represent activity in all hours was reached, indicating
that we had sufficient data for the activity analysis.
Supplementary Data SD2.—Model comparison for single-
species detection models for Canada lynx, bobcat, and cougar.
These models were fit holding occupancy constant (no covari-
ates for occupancy included in the models). Best models for
each species were then used in subsequent modeling efforts for
the single and 2-species models.

Supplementary Data SD3.—Overlap of daily activity patterns
of Canada lynx with bobcat and cougar during snow-on and
snow-off seasons. Overlap of the density functions of the 2 spe-
cies are indicated by the gray shading. Note that there is sub-
stantial overlap between the species in both seasons, and that
all species shift to more daytime activity in winter.
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W Check for updates

Wildlife must adapt to human presence to survive in the Anthropocene, so it
is critical to understand species responses to humans in different contexts.
We used camera trapping as alens to view mammal responses to changes in
human activity during the COVID-19 pandemic. Across 163 species sampled
in102 projects around the world, changes in the amount and timing of
animal activity varied widely. Under higher human activity, mammals were
less active in undeveloped areas but unexpectedly more active in developed
areas while exhibiting greater nocturnality. Carnivores were most sensitive,

showing the strongest decreases in activity and greatest increases in
nocturnality. Wildlife managers must consider how habituation and
uneven sensitivity across species may cause fundamental differences in
human-wildlife interactions along gradients of human influence.

With the global human population size now past 8 billion and the
associated human footprint covering much of the Earth’s surface’,
survival of wild animals in the Anthropocene requires that they adapt
to physical changes to the landscape and to increasing human pres-
ence. Animals often perceive humans as threats and subsequently
adjust behaviours toavoid peopleinspace or time’. Conversely, some
animals are attracted to people to obtain resource subsidies or protec-
tion from predators**. These contrasting responses to humans shape
the prospects for human-wildlife coexistence, with consequences
for the capacity of human-influenced ecosystems to support robust
animal populations and communities.

Variation in animal responses to human activity can be driven by
intrinsicfactorssuchasspecies’ecological andlife-historytraits (Table1)".
For instance, small-bodied generalist species may be more tolerant of
human presence, as they canbe less conspicuous thanlarger speciesand
more capable of shifting resource use within their broader niches than
are specialists®. Wide-ranging, large-bodied carnivores face consider-
ablerisk of mortality from humans’and so may exhibit more risk-averse
responses to human activity. Animal responses may also be heavily
influenced by the type of human activity (for example, hunting versus
hiking®) and by extrinsic factors such as landscape context. Animals may
bewarier of peoplein open or human-modified environments relative
to areas with abundant vegetation cover or minimal human landscape
modification’. Conversely, animals in heavily modified landscapes

could habituate to human presence and thus be less likely to respond to
changesin humanactivity. Our ability to resolve such hypotheses about
theinteractinginfluences of species traits and landscape characteristics
has been limited by the focus of previous studies on few species and
contexts, withindirect measures of humanactivity and weaker correla-
tive inferences. Ultimately, anticipating and managing impacts to wild
animalsrequires stronger inferences from experimental manipulations
of human activity and concurrent monitoring of people and animals
across arange of species and environmental contexts.

Government policies during the early months of the COVID-19
pandemic (henceforth, pandemic) resulted in widespread changes
to human activity that provided a quasi-experimental opportunity
to study short-term behavioural responses of wild animals'. Early
observations of animal responses to this ‘anthropause™ relied on
qualitative or opportunistic sightings prone to bias (for example,
contributed by volunteers™), or focused on small spatial scales and
few species, reporting a mix of positive and negative responses that
make it difficult to reach more general conclusions”. Furthermore,
measures of human activity have typically been coarse and indirect™,
yet changes to human activity during the pandemic appeared highly
variable at the fine scales that affect animal behaviour (Fig. 1). For
example, some natural areas experienced increases in humanvisitation
while others were closed to visitors® and the strength of government
restrictions changed over time'*. It is thus important for studies using
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Table 1| Predictor variables hypothesized to explain variation in species responses to higher human activity, with greater
reductions in amount of activity or increases in nocturnality predicted for more sensitive species (further details in

Supplementary Information)

Class Variable Prediction Range

Species trait Body mass Large-bodied species will be more sensitive Small (1-20kg; n=101); large
(20-4,600kg; n=62)

Species trait Trophic level Higher trophic levels will be more sensitive Carnivore (n=59), omnivore
(n=27), herbivore (n=77)

Species trait Diet breadth Specialists with narrower diet will be more sensitive 1-4 diet categories

Species trait Habitat breadth Specialists with narrower habitat preference will be more sensitive 1-9 habitat categories

Species trait Diel activity Diurnal species will be most sensitive, cathemeral species intermediate Diurnal (n=13), cathemeral

and nocturnal species least sensitive

(n=91), nocturnal (n=59)

Species trait Hunting status

Hunted species (within projects) will be more sensitive to increased human
activity than their non-hunted counterparts

Yes (n=486), no (n=491)
(total=977 project-species)

Species trait Relative brain size

Small-brained species will be more sensitive

0.006-5.3kg

Habitat structure Openness

habitats

Animals will be more sensitive in open habitat types relative to closed

Open (n=31), closed (n=71)

Land-use disturbance  Human modification index

modification

Animals will be more sensitive in landscapes with more human

0.005-0.834

Magnitude of human  Global stringency index

change stringent

Animals will show stronger responses where lockdowns were more

38.9-96.0 stringency units

Magnitude of human
change

Mean change in human

detections (at camera traps)  greater

Animals will show stronger responses where change in human activity

1-100-fold changes

For continuous variables we show the range (minimum-maximum); for categorical variables we show the sample size for each level, which sum to 163 species for species-level variables or 102
projects for project-level variables (unless otherwise stated). Body mass and trophic level were combined in a new variable ‘trophic group’.

the pandemicas anunplanned experiment to have localized informa-
tion on human activity that matches their animal data and to tackle
context-dependency by using robust, standardized methods across
several species and landscapes.

The widespread use of camera traps to survey terrestrial mam-
mals'® provides a unique opportunity to take advantage of the pan-
demicexperimentand improve our understanding of animal responses
to changes in human activity. Thousands of cameras are deployed
around the world”, providing standardized animal sampling while
simultaneously quantifying localhuman activity”*'®. We harnessed this
opportunity to examine relationships between detections of people
and mammals across gradientsin land use and habitat type—spanning
102 survey sites (projects) in 21 countries (predominantly in Europe
and North America) with 5,400 camera-trap locations sampling for
311,208 camera-days before and during the pandemic (Fig. 1; Methods).
Some sites experienced a decrease in human activity during the pan-
demic, consistent with the notion of an anthropause, while there was
anincrease or no change at others. We focused our analysis on those
sites withsome change in human activity (eitherincrease or decrease)
and standardized our comparisons to be between periods of relatively
lower to higher human activity (either across years or within 2020;
Fig.1;Methods) to mimic the general trend of increasing human pres-
ence in the Anthropocene. We examined site-level changes in animal
detection rates and nocturnality across populations of 163 mammal
species (body mass >1kg; range 1-65 populations per species; Sup-
plementary Table 1) as measures of the relative amount and timing of
animal activity (Methods). We then used meta-analytic mixed-effects
models to quantify the extent to which variation in animal responses
across sites was explained by species traits, landscape modification
and other site characteristics and the magnitude of change in human
activity (Table 1; Methods).

Results and discussion

Our camera-trap measures of human activity varied widely under
COVID-19 lockdowns (occurring between March 2020 and January
2021), from100-fold decreases to 10-fold increases within sites between
comparison periods (Fig. 1and Supplementary Fig.1). These changes

were not predicted by coarser measures of human activity based on
the stringency of lockdowns (Supplementary Fig. 1), highlighting the
complementary value of finer-scaled monitoring of human activity.

Changes in amount of animal activity

Animals did not show consistent, negative responses to greater human
activity; instead, responses were highly variable among species and
sites (Figs.2and 3). Across 1,065 estimated responses (one per species
per project, that is, population), changes in animal detection rates
(reflecting the intensity of habitat use; Methods) varied from 139-fold
increases to 36-fold decreases, with a near-zero mean change overall
(-0.04, 95% confidence interval (CI) = —0.11-0.03; Fig. 2b). Trophic
group (combining body mass and trophic level) was the strongest pre-
dictor of changes in animal activity in response to increasing human
use, with large herbivores showing the largestincreasesinactivity and
carnivores showing the strongest decreases (Fig. 2c, Supplementary
Table 2 and Supplementary Fig. 3). This is consistent with carnivore
avoidance of higher mortality risk from encounters with people” and
with increased herbivore activity due to either more frequent distur-
bance by people or attraction to human activity driven by reduced risk
of predation (human shield hypothesis?).

Animal activity in more developed areas (that is, higher human
modificationindex (HMI) measured at the site level; Table 1) generally
increased (+25%) with higher levels of human activity, while animals
in less-developed areas decreased their activity (—-6%) when human
activity was higher (Fig. 2¢; coefficient = 0.077;95% Cl = -0.001-0.156).
This contrast highlights an important interaction between human
modification of a landscape and human activity therein—between
human footprint and footfalls—which we posit could be the result of
two factors. First, local extirpations of sensitive species (species ‘filter-
ing"”) would result in only human-tolerant species persisting in devel-
oped areas—for example, sensitive wolverine (Gulo gulo) were absent
from sites with intermediate to high human modification. Second,
species found across the gradient, such as mule deer (Odocoileus
hemionus), could become habituated to benign human presence in
more developed landscapes and therefore be less fearful of human
activity thantheir conspecifics in less-developed areas®. Notably, this
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Fig.1| Camera-trap sampling of contrasts between periods of higher versus
lower human activity. a, Location of camera-trap projects included in the
analysis (n =102). b,c, Examples for two projects: Edmonton, Canada (b) and
Danum Valley, Malaysia (c) showing time series of human detections for the
two types of comparisons used to assess the effects of higher human activity on
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animals. b, Abetween-year comparison with increased human activity during the
COVID-19 pandemic (treatment, red shading) relative to the same time period the
year before (control, blue shading). ¢, A within-year comparison with decreased
humanactivity during the pandemic (control, blue shading) relative to the
prepandemic period (treatment, red shading).

relationship with landscape modification varied predictably across
trophic groups (Fig. 2d and Supplementary Table 3). Small and large
carnivores, small herbivores and small omnivores increased their
activity with higher human activity in developed areas (increasing
by an average of 54%), while the response was much weaker for large
herbivores andin fact opposite for large omnivores, which decreased
activity when human activity increased in more modified landscapes
(50% decrease; Fig. 2d). This negative response was common across
all of the frequently detected large omnivores—wild boar (Sus scrofa),
American black bear (Ursus americanus) and brown bear (Ursus
arctos)—and could be driven by their attraction to anthropogenic
food resources (for example garbage and fruit trees) that may be less
risky to access when human activity is reduced”.

Animal detections were also more likely to decline with higher
human activity in more open habitat types such as grasslands or
deserts, relative to closed habitats such as forests (Fig. 2¢; coeffi-
cient=-0.172; 95% Cl =-0.3428 to —0.0018). This is consistent with
predictions under the landscape of fear framework that suggest that
animal perceptions of risk are influenced by availability of cover®.
Contrary to our expectations, we did not find strong evidence that
the magnitude of change in human activity (measured by camera
traps or the stringency index; Table 1) affected animal responses
or that hunted populations changed their amount of activity more
than non-hunted ones (Supplementary Tables 2, 4 and 5). We also
did not find strong support for the hypothesis that species with rela-
tively larger brains—as an index of behavioural plasticity*—would
show more pronounced responses to changes in human activity
(Supplementary Table 5).

Changes in timing of animal activity

Whether or not animals change their intensity of use of an area, they
could shift their timing of activity to minimize overlap with increasing
human activity (Fig. 3a)**. We measured changes in animal nocturnality
(proportion of night time detections) across 499 populations (Meth-
ods) and found considerable variation in animal responses toincreasing
human activity (though generally less than for amount of activity): from
fivefold increases in nocturnality to sixfold decreases (mean change
in proportion of nocturnal detections = 0.008; 95% Cl =-0.02-0.04;
Fig. 3b). The strongest predictor of changes in nocturnality was the
degree of landscape modification (HMI): in more developed areas,
animals tended tobecome more nocturnal ashuman activity increased
(19.3% increase in nocturnality; Fig. 3c, coefficient = 0.047; 95%
Cl=0.026-0.069; Supplementary Table 6). This is consistent with
previous evidence of increasing wildlife nocturnality in the face of grow-
ing human impacts? and highlights the importance of the temporal
refuge provided by night time cover for human-wildlife coexistence
inincreasingly human-dominated environments®.

Paralleling our findings about changes in the amount of animal
activity, trophic group was also an important predictor of changes
in nocturnality, with large carnivores becoming notably more noc-
turnal than other groups (+5.3%; Fig. 3c and Supplementary Table 6).
Again, we found support for an interaction between human modi-
fication and trophic group: most groups had stronger increases
in nocturnality along the disturbance gradient as human activity
increased (mean +22.6%), whereas the increases in nocturnality
for large carnivores did not vary with land-use disturbance (Fig. 3d
and Supplementary Table 7). This finding could reflect greater
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Fig. 2| Changes in the amount of animal activity in response to increasing
human activity. a, Interpretation of effects. b, Estimated effect sizes (black
points) and variances (coloured lines) for all populations included in the
analysis (n =1,065 project-species combinations from 102 independent
projects; two example species highlighted) with the global mean (and 95%
quantiles) plotted in black to the right. ¢, Estimated model coefficients
(points) and 95% Cls (lines; n = 1,065 project-species combinations from 102
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independent projects) for additive factors (with complete data; Methods)
hypothesized to influence changes in the amount of animal activity when
human activity is higher, where: intercept is diurnal, large herbivore in
closed habitat type with a seasonal comparison and all other effects are
contrasts. d, Model predictions for the interaction between trophic group
and HML.

sensitivity of large carnivores to the increased risk of conflict asso-
ciated with more human presence®, such that they shift timing of
activity to minimize overlap regardless of landscape context. Other
groups increased night time activity only in landscapes with higher
risk of human encounters (that is, more modification), which may in
turn enable the increases in amount of activity observed for many of
these species (Fig. 2d).

Unlike for the amount of activity, changes in the timing of animal
activity were mediated by the hunting status of species in an area,
whereby hunted animals showed stronger increasesinnocturnal behav-
iour at higher levels of landscape modification (+26.6%) relative to their
non-hunted counterparts (+13.5%; Fig. 3e and Supplementary Table 8).
We did not find strong evidence that relative brain size was associated
with shifts in animal nocturnality, nor that the magnitude of changein
the amount of human activity explained variationin animal responses
(Fig.3cand Supplementary Tables 6 and 9). We did find an effect of our
comparison type such that, on average, comparisons between years
showed larger shifts in nocturnality than within-year comparisons
(Fig. 3c and Supplementary Table 6), underscoring the importance
of temporal matching to minimize influence of other factors such as
seasonal changes in activity patterns.

Implications for human-wildlife coexistence

Contrary to popular narratives of animals roaming more widely while
peopleshelteredin place duringearly stages of the COVID-19 pandemic,
our results reveal tremendous variation and complexity in animal
responses to dynamic changes in human activity. Using a unique syn-
thesis of simultaneous camera-trap sampling of people and hundreds of
mammal species around the world, combined with apowerful before-
after quasi-experimental design, we quantified how animals change
their behaviours under higher levels of human activity across gradients
of human footprint. As the human population continues to grow, the
persistence of wild animals will depend on their responses toincreasing
human presence inboth highly and moderately modified landscapes. It
may thus be encouraging that many animal populations did not show
dramatic changesin the amountor timing of their activity under condi-
tions of higher human activity. Indeed, mean changes across all popula-
tions assessed were close to zero, suggesting that there was no global
systematic shift in animal activity during the pandemic, consistent
with other recent observations of highly variable animal responses™?.
Nevertheless, we saw stronger responses to human activity for certain
species and contexts and these patterns can help us better understand
and mitigate negative impacts of people on wildlife communities.
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Fig.3| Changes in animal nocturnality in response to increasing human
activity. a, Interpretation of effects. b, Estimated effect sizes (black points) and
variances (coloured lines) for all populations included in the analysis (n = 499
project-species combinations from 100 independent projects; two example
species highlighted) with the global mean (with 95% quantiles) plotted in black
to theright. ¢, Estimated model coefficients (points) and 95% Cls (lines; n = 499
project-species combinations from 100 independent projects) for additive

factors (with complete data; Methods) hypothesized to influence changes in
animal nocturnality when human activity is higher, where: intercept is nocturnal,
large herbivore in closed habitat type with aseasonal comparison and all other
effects are contrasts. d, Model predictions for interaction between trophic group
and human modification index. e, Model predictions for interaction between
hunting and HML.

One striking pattern is that animal responses to human activity
varied with the degree of human landscape modification. Our results
imply that risk tolerance and associated behaviours vary between
wildlife in more- versus less-developed contexts. As human activity
increased, many species in more modified landscapes surprisingly had
higher overall activity, although this activity was more nocturnal, sug-
gesting that animals persisting in these developed environments may
beattracted toanthropogenic resource subsidies but still seek ways to
minimize encounters with people through partitioning time?. Wildlife
managers in such modified environments should anticipate some ani-
mal habituation and manage the timing of human activity to protect
night time refuges that promote human-wildlife coexistence—particu-
larly for hunted species that showed the strongest shifts toward noctur-
nality. Onthe other hand, regulating the amount of human activity may
be more important in less-developed landscapes where we detected
the greatest declinesin animal activity withincreasing human activity.
Such remote landscapes are often spatial refuges for sensitive species
that may be filtered out as human modification increases; yet these
areasfaceincreasing demands from popular pursuits, such as outdoor
recreation and nature-based tourism'®, and may also be more difficult
to protect fromillegal hunting, encroachment or resource extraction®.

The sensitivity of species to human footprint and footfalls varied
by trophic group and body size, as did the interplay of space and time
inbehavioural responses. Both large and small carnivore species were
among the more sensitive to changes in human activity, generally
reducing their activity levels and exhibiting more nocturnality with
higher humanactivity. This motivates a continued emphasis on carni-
vore behaviour and management as a key challenge for human-wildlife
coexistence, giventhe threatened status of many carnivores, the risk of
negative outcomes of human-carnivore encounters and the ecological
importance of carnivores as strongly interacting species”*°. Avoid-
ance of people by carnivores could be beneficial if it reduces human-
carnivore conflict®*but it could also lead to different types of conflict
ifitresultsinlower predationrates onherbivores near people, asseenin
overbrowsing by habituated deer*. Indeed, large herbivores showed the
strongestincreasesin activity with higher human activity in our study,
consistent with habituation and increased risk of conflict. Large omni-
vores, suchasbear and boar, were unique in both spatially and tempo-
rally avoiding higher human activity inmore developed environments,
underscoring that managementefforts to regulate humanactivity and
create spatial or temporal refuges may lead to outcomes that differ
by species and setting. Managers must pay particular attention to the
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prospect that such differential responses canalter speciesinteractions
and cause knock-on effects with broader consequences for ecosystem
functions and services®*,

Our study highlights the value of learning from unplanned ‘experi-
ments’ caused by rapid changes in human activity® and other extreme
events (for example, ref. 34). These insights are enabled by sampling
methods, such as camera trapping, that facilitate standardized, con-
tinuous monitoring of diverse animal assemblages and humans across
varied landscape contexts. While many studies of the anthropause
focused on wildlife observations by volunteers in more accessible
urban environments (for example, ref. 35), our results emphasize that
animal responses to changes in human activity differ between more-
andless-developed landscapes. This context-dependency should be a
focus of furtherresearch, including expanded assessment of contexts
and species under-represented in our sample, such as thosein tropical
regions subjected to different pressures during the pandemic*®. Many
geographic and taxonomic gaps in global biodiversity monitoring
remainand mustbe filled by cost-effective networks that gather reliable
evidence across several scales; standardized camera-trap programmes
and infrastructure are helping to do so**. As the cumulative effects
of the human enterprise put pressure on ecosystems worldwide*,
bending the curve of biodiversity loss will require context-specific
knowledge on ecological responses to human actions that can guide
locally appropriate and globally effective conservation solutions.

Methods
Data collection
Weissued a callinSeptember 2020 to camera-trap researchers around
the world for contributions of camera-trap data from before and
during the onset of the COVID-19 pandemic and associated restric-
tions on human activity'®". This initial call included a social media
post (Twitter, now X) and targeted emails to 143 researchers in
37 countries. Werequested datasets that adhered to global camera-trap
metadata standards (Wildlife Insights*) and received submissions from
146 projects. Submitted data were summarized using a standardized
script and evaluated according to the following key criteria: (1) most
or all camera-trap stations were deployed in the same area of inter-
est (hereafter site) before and during COVID-19-related restrictions;
(2) aminimum of seven unique camera-trap deploymentlocations (sta-
tions) were sampled; (3) aminimum sampling effort of at least 7 days
per camera period (see below); and (4) trends in human detections
were recorded from camera-trap data (that is, detections of humans)
or human activity for a given sampling area was available from other
sources (for example, lockdown dates and local knowledge).
Weonlyincluded detections of wild mammal species >1 kg (mean
species body massin kg obtained fromref. 40; we excluded domestic
animals, which represented only 6% of overall detections and were
associated with humans) and humans (excluding research person-
nel servicing cameras). Our full dataset for the next step of analy-
sis included 112 projects sampling across 5,653 cameras for 329,535
camera-days (see below for data included in specific models). The
meannumber of cameralocations per project was 42 (range 6-300) and
mean camera-days per project was 2,945 (range 348-27,986). Camera
locations were considered independent within projects, as no paired
cameras were included (see Supplementary Table 10 for more details
on camera deployments and spacing).

Experimental design

For each project, we first reviewed site-level trends in independent
detection events of humans (using astandardized 30 mininterval: that
is, a detection was considered independent if >30 min from previous
detection at the same camera station) to identify whether there were
changes in human activity associated with COVID-19 restrictions in
2020. We sought to identify two comparable sampling periods that
differed in human activity but were otherwise similar (for example,

in camera locations and sampling effort) and thus could be used as
a quasi-experimental comparison to assess wildlife responses to the
changein humanactivity. Weinitially anticipated that human activity
would be reduced during COVID-19 lockdowns (that is, the anthro-
pause) but observed a wide variety of patterns of human detections
across datasets, including decreases, increases and no change in human
detections between sampling before and during COVID-19 (Supple-
mentary Fig. 1). Since our primary interest was in evaluating wildlife
responses to changes in human activity and in general we anticipate
increases in human activity during the Anthropocene, we standard-
ized our treatments to represent increases in human activity. In other
words, we defined a ‘control’ period as one with lower human activity
and a‘treatment’ period as one with higher human activity, regardless
of which occurred before or during the COVID-19 pandemic (Fig. 1).

We identified start and end dates for each period on the basis of
clear changes in human detections (determined from visual inspection
of daily detections; Fig. 1). For some projects, dates corresponded to
known dates of local COVID-19 lockdowns or changes in study design
(for example, dates of camera placement or removal). We prioritized
comparison between years when datawere collected in similar periods
inyears before 2020 (n = 95 projects). If multiyear data were not avail-
able, we selected comparison periods before and after the onset of
lockdowns around March 2020 (with specific dates chosen according
to local lockdown conditions; n =17). If there were several potential
treatment periods, we prioritized periods on the basis of the follow-
ing ordered criteria: (1) the fewest seasonal or ecological confounds;
(2) the most similar study design; (3) the greatest sampling effort; and
(4) the most recent time period. Of the 95 projects for which we made
comparisons between 2020 and a previous year, we used 2019 for 88
projects, 2018 for 6 and 2017 for 1.

Incases where there was no noticeable difference in human detec-
tions between candidate periods, or there were insufficient human
detections from cameratraps, we used other data or local knowledge
of changes in human activity (for example, lockdown dates and visitor
use data) from co-authorsresponsible for the particular project. Of the
112 projectsincluded in our initial analyses, 15 used this expert opinion
to determine changes in human activity. After completing our initial
categorization of comparison periods, we shared details with all data
contributors for review and adjustment, if necessary, based on expert
knowledge of agivenstudy area. Contributors were asked whether our
delineation of sampling periods as being high versus low in human
activity corresponded with their knowledge of the study system. We
also asked them to consider whether other sources of environmental
variation (for example, fire, drought, seasonal or interannual variation)
orsampling design could confound the attribution of changes in wild-
life detections to changes in human activity. After this evaluation and
review, weretained 102 project datasets that had a detectable changein
human activity betweenatreatment and control period for subsequent
statistical modelling. These projects spanned 21 countries, mostly in
North America and Europe but with some representation from South
America, Africaand Southeast Asia (Fig.1and Supplementary Table 10).

Our paired treatment-control design makes several assumptions.
For instance, we assumed that either: (1) changes in human activity
occurred inthe same direction throughout the entire study area within
the treatment period; (2) the direction of the average effect was more
important thanvariationindirection across camerasites; (3) variation
in human activity within a study area was lower than differences in
human activity between the treatment (higher activity) and control
(lower activity) periods. By standardizing our treatment to be the
period of higher human activity, we also assumed that the temporal
direction of change did not affect animal responses.

Data analysis
We compared two response variables between treatment and control
periods to assess wildlife responses to changes in human activity: the
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amount of animal activity and the timing of animal activity (described
below). We used a two-stage approach in which we first estimated the
direction and magnitude of change in these responses between periods
for each speciesand then used ameta-analytical approach to evaluate
the degree to which a set of candidate predictor variables explained
variation in estimated responses. All data manipulation and analysis
were done using R statistical software (v.4.1.3; ref. 41).

Amount of animal activity. To evaluate changes in the amount of
animal activity, we quantified detection rates for each mammal species
(and humans) at each camerafor the treatment and control periods of
each project. Specifically, we calculated the number of independent
detections for a given species and camera station using a standard-
ized 30 min interval (that is, detection was considered independent
if >30 min from previous detection of the same species at the same
camerastation), while controlling for variation in sampling effort (log
of camera-daysincluded as an offset in models). We assumed that this
detection rate (sometimes termed relative abundance index'®) meas-
ured therelativeintensity of habitat use by aspecies atacamerastation,
which reflects both the local abundance of the species (number of
individualsinsampled area) and the movement patterns of individuals.

To quantify the magnitude of change in the amount of animal
activity, wefirst ransingle-species models to estimate changesin detec-
tion rates for species and humans between the comparison periods
foreach project. The response variable was the count of independent
detection events, modelled as negative binomial, with an offset for
active camera-days. Treatment was included as a fixed effect and a
random intercept was included for camera station where the same
camera locations were sampled in both periods (no random effect
was included if a project used different camera locations between
periods). Allmodels were implemented using the glmmTMB package**.
These models produced aregression coefficient (effect size) for each
project-species population (humans and animals) representing the
estimated magnitude of change in the amount of activity between
the control period and the treatment period (and its corresponding
sampling variance).

Timing of animal activity. To assess changes in timing of animal activ-
ity, we first classified each independent detection of a given species
within a given project as ‘day’ or ‘night’. We used the lutz package to
convert all local times to UTC*. We calculated the angle of the sun
at the time of the first image in each detection using the sunAngle
functioninthe oce package**, based on the UTC time and latitude and
longitude of the camera deployment location. Negative sun angles
corresponded to ‘night’ (between sunset and sunrise) and positive
sunangles to ‘day’ (between sunrise and sunset). Following ref. 24, we
calculated anindex of nocturnality, N, as the proportion ofindependent
camera-trap detections that occurred during the night (N = detections
during night/ (detections during night + detections during day)) for
all species which had ten or more detections in both the control and
treatment periods. We then calculated the log risk ratio, RR and its cor-
responding sampling variance (weighted by sample size) between the
treatment and control periods, pooled across all camera traps withina
given study using the escalc() function within the metafor package®.
This effect size compared the percentage of animal detections that
occurred at night with high human activity (V,) to night time animal
activity under low human activity (V,), with RR = In(N,/N))). A positive
RRindicated arelatively greater degree of nocturnality inresponse to
human activity, while a negative RR indicated reduced nocturnality.

Hypothesized explanatory variables. We identified and calculated a
set of variables that we hypothesized would affect species responses
to changes in human activity. These fell into four general classes:
(1) species traits, (2) habitat (that is, vegetation) structure, (3) anthro-
pogeniclandscape modification and (4) magnitude of human change

(Table 1). We did not include any covariates reflecting differences in
camera-trap sampling protocols between projects, as our estimates
of species responses were made within projects (that is, comparing
treatment versus control periods) and thus sampling methods were
internally consistent within projects (for example, camera placement
and settings).

Species traits. We hypothesized that species with the following traits
would be more sensitive to changes in human activity (that is, more
vulnerable or risk averse): larger body mass*®, higher trophic level*®,
narrower diet and habitat breadth, diurnal activity*® and smaller
relative brain size**. We extracted variables for each species from the
COMBINE database*’, the most comprehensive archive of several
mammal traits curated to date (representing 6,234 species). Given that
sometraitsin the database wereimputed, wereviewed the designations
for plausibility and cross-referenced the traits with other widely used
databases—specifically Elton Traits* and PanTHERIA*°—and made the
following corrections to the “activity cycle’ trait (diurnal, nocturnal
and cathemeral): diurnal to cathemeral—Mellivora capensis, Neofelis
nebulosa, Neofelis diardi; diurnal to nocturnal—Meles meles; nocturnal
to diurnal—Phacochoerus africanus; nocturnal to cathemeral—Ursus
americanus.To calculate relative brain size we divided log-transformed
brain mass by log-transformed body mass (asinref. 48). We combined
body mass and trophiclevelinto anew variable ‘trophic group’ (consist-
ing of small- or large-bodied categories for each of the three trophic
levels, Table 1). Dietary and habitat breadth are described in ref. 40.

We further hypothesized that animals in hunted populations
would be more sensitive to changes in human activity. We requested
thatall data contributors complete asurvey indicating whether agiven
species was hunted within their project survey area, from which we cre-
ated a binary factor representing hunting status for each population
(1=hunted; 0 = not hunted).

Habitat structure. Camera-trap surveys included in our analysis
covered an extensive range of biogeographic areas and habitat types.
We made the simplifying assumption that species responses to changes
in human activity would be most influenced by the degree of open-
ness of habitat (that s, vegetation structure) inasampling area. More
specifically, we hypothesized that areas with more open habitat types
would have higher visibility and thus less security cover for animals
and thus that animals in these open habitats would be more sensitive
toincreasesinhumanactivity than would animals in more closed habi-
tats withgreater security cover®’. We used the Copernicus Global Land
Cover dataset (100 mresolution®?) via Google Earth Engine to extract
land cover class at each camera station. We then used the percentage
canopy cover of the mode class across all camerasinagiven project to
defineifthe survey occurred in primarily closed (>70% canopy cover)
oropen habitat types (0-70% canopy cover).

Land cover disturbance. We posited that animal responses to changes
in human activity would differ according to the degree of anthro-
pogenic landscape modification (that is, human footprint**). More
specifically, we identified two hypotheses that could underlie vari-
ation in species responses as a function of land cover disturbance.
On the one hand, our ‘habituation hypothesis’ predicts that animals
in more disturbed landscapes may be less sensitive to changes in
human activity (relative to animals in undisturbed landscapes) and
thus show less of a negative response or even a positive response as
they have already behaviourally adapted to tolerate co-occurrence with
people”. Onthe other hand, our ‘plasticity hypothesis’ predicts that the
ability of animals to coexist with people in disturbed landscapes may
be dependent on plasticity in animal behaviour?, such that animalsin
these landscapes may show more pronounced and rapid responses to
changes in humanactivity (for example, avoidance of areas and times
with greater chance of encountering people).
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Weinitially characterized landscape disturbance using three vari-
ables accessed via Google Earth Engine: Gridded Population of the
World (1 kmresolution®*), road density (m km™, 8 kmresolution; Global
RoadsInventory Project®) and HMI (for 2016 at1 km resolution), which
represents a cumulative measure of the proportion of a landscape
modified by 13 anthropogenic stressors®’. Point values were extracted
for each camera station in each site, then the project-level medians
were used in analysis. As the median values of these three variables
were highly correlated across projects (Supplementary Fig. 2), we only
used HMIin our subsequent models.

Magnitude of human change. We expected that animal responses
would be more pronounced in areas that underwent greater changes
inhuman activity and we used two measures to assess the magnitude
of those changes. At a coarse scale, we used the COVID-19 stringency
index™, which characterizes the policies restricting human activities
within a given geographic region at a daily time scale and has been
widely used in studies of COVID-19 on human mobility and the environ-
ment (forexample, ref. 13). We used the finest-scale regional data avail-
able for each project, which was usually at the country level, with the
exception of three countries with province- or state-level data (Brazil,
Canada and the United States). When projects spanned several coun-
tries, provinces or states, we used the stringency index for the region
in which most cameras were located. For each region, we calculated
the median stringency for the treatment and control sampling periods.

Atafinerscale, we used the effect size for the modelled change in
camera-trap detection rates of humans across all camerasin a project
(as described above under ‘amount of animal activity’). Models with
this variable excluded 15 projects that either did not detect humans
with cameratraps or the number of humans detected on cameras was
not perceived by the data contributor to be an accurate reflection of
changein human use for the sampled area.

Meta-analysis models. To understand which factors mediated the
effect of increasing human use on animal activity, we ran mixed-effect
meta-analytic models using the rma.mv() function of the metafor pack-
age® onthe effect sizes and sampling variances of the two response vari-
ablesdescribed above (amount and timing of animal activity). Our unit of
observation for modelling was the estimated response for each project-
species combination (thatis, each animal population) and we included
random intercepts for project and for species nested within family, to
account for repeated observations within each of those higher-level
groups and for phylogenetic relatedness within families. All continuous
predictor variables (Table 1) were standardized to unit variance with a
mean of zero using the stdize functionin the MuMIn package™®. We tested
pairwise correlations among all predictor variables and found that none
were highly correlated (thatis, allbelow athreshold of Pearson | r| < 0.6;
Supplementary Fig. 2) and thus all were retained for modelling.

We performed our analysisin three steps for each of the two wild-
life response variables. First, we fit aglobal modelincluding all hypoth-
esized predictor variables for which we had complete data (excluding
hunting status, relative brain size and empirical magnitude of human
change, for whichwe had incomplete dataand thusincludedin analysis
of subsets of data, described below). Second, we used model selection
totest for plausible interactions and nonlinear effects. Third, we used
model selection on subsets of the full data to compare the global and
interactions models with candidate models adding three more predic-
tor variables withincomplete data.

Global model. As all of our predictor variables were independent,
we used a global model approach that included additive fixed effects
for all predictor variables (Table 1). We interpreted the Pvalue of each
effect contrast toindicate statistically significant support (at P< 0.05or
marginal supportat P < 0.10) for a consistent effect direction of agiven
predictor and we used the estimated effect size as a measure of effect

magnitude. We calculated the pseudo-R? to estimate the total variation
explained by our global models. We also calculated the P (ref. 57) of
each globalmodelto determine the amount of heterogeneity observed
betweenthe random effect levels; consistent variationin the response
terms between projects, families and species would result in higher
Pvalues compared to the null model with no fixed effects. To aid inter-
pretation, we present effect sizes in terms of the proportional change
(%) in model-predicted responses across lowest-to-highest values for
continuous predictors (for example, HMI) or between two categories
of interest (for example, trophic groups).

Model selection of plausible interactions and nonlinear terms.
To explore the possibility of context-specific effects of the predic-
tors of wildlife responses to changes in human activity, we assessed a
suite of ecologically plausible interaction and nonlinear (quadratic)
terms through adding them in turn to the global model and using
Akaike’s Information Criterion (corrected for small sample size, AICc)
to find the most parsimonious model. We assessed the following terms:
(1) ‘HMI*habitat_closure’, to evaluate the potential for habitat structure
to mediate responses to human landscape modification; (2) trophic_
group * HMI', to evaluate the potential for different trophic groups to
respond to human modification in different ways; (3) ‘trophic_group *
habitat_closure’, to evaluate the potential for different trophic groups
torespond to habitat structure in different ways; and (4) HMI?, to assess
nonlinear effects of wildlife responses to human modification. Models
including the candidate interaction or nonlinear terms were compared
totheglobal model without interaction terms using AICc (in the MuMIn
package®®) and were discussed above if they were within 2 AICc of the
best-supported model and there was no simpler, nested model with
more support.

Model selection on subsets of data. We had a small amount of missing
information in the data available for assessing the effects of popula-
tion hunting status, species relative brain size and empirical (that is,
camera-trap-based) magnitude of change in human activity (91.7%,
98.8% and 86.5% of project-species had datafor these variables, respec-
tively). Therefore, we ran the same global model used for the full dataset
on the subsetted data along with candidate models including each
of these predictor variables and all plausible interactions of interest
(as above). These additional candidate models were compared to the
global model (run on the same partial dataset) using AICc and were
discussed in the results if they resulted in a lower AICc value (that is,
had more support than the global model, which was a simpler nested
model).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The datausedinthis paper areavailable in Figshare, with the identifier:
https://doi.org/10.6084/m9.figshare.23506536.

Code availability

The code used to analyse the data and create the figures in this paper
are available in Figshare, with the identifier: https://figshare.com/
articles/software/Analysis_R_Code/23506512.
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Status of Montana’s mountain goats: A synthesis of management
data (1960-2015) and field biologists’ perspectives
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EXECUTIVE SUMMARY

We synthesized population survey and harvest data collected by Montana Fish, Wildlife and
Parks (MFWP) staff over the past 60 years for the state’s mountain goat (Oreamnos americanus)
populations. In addition, we surveyed 18 MFWP biologists who manage goats in Regions 1-5 to
learn more about the populations for which they have management responsibility. We
summarized their written questionnaire responses to evaluate the current status and management
circumstances of Montana’s mountain goats.

Mountain goats distributions in Montana include historic ranges as well as mountainous areas
into which goats have expanded from introductions of animals to non-native habitat. In 2016 an
estimated 3,685 mountain goats were managed by MFWP, 2,526 (69%) in introduced
populations, and 1,159 (31%) in native populations. Another 2,225 goats inhabited the Montana
portions of Glacier and Yellowstone National Parks. The most important finding of this work
was the dichotomy between native and introduced mountain goats. Compared with population
estimates from the 1940s and 1950s, numbers of goats across native ranges (outside Glacier
National Park) are 3—4 times fewer today than the 4,100 estimated from surveys during the
1940s. Our survey of MFWP biologists confirmed this decline of native goats. Many of the
populations are small and isolated demographically and genetically. Furthermore, both hunting
licenses issued for and annual harvests of native populations have declined nearly 10-fold from
the 1960s to present. On the other hand, the majority of introduced populations are prospering,
with some notable exceptions. Introduced populations now provide the majority of Montana’s
hunting opportunity. Total goat harvest has declined from the 1960s when 300-500 animals
were harvested annually to a relatively stable =210 goats annually over the past 30 years.
Twelve of Montana’s 52 hunting districts (9 with native populations) have been closed to
hunting in recent years.

Area biologists provided insights into how they survey and establish harvest prescriptions for
populations. They also identified a wide range of management and research needs from which
they would benefit in managing and conserving mountain goats. We provide full details of the
biologists’ answers to a 25-item questionnaire in the attached Appendix.

We identified multiple avenues of management and research for MFWP to consider in future
planning efforts: evaluation of statistical power associated with various monitoring protocols,
continued maintenance of centralized databases, design of monitoring approaches for long-term
consistency, potential development of a statewide species management plan, and research into
habitat factors, population dynamics, and causes of mortality of mountain goats.



INTRODUCTION

Among North American native big game species, mountain goats (Oreamnos americanus)
present many challenges for wildlife management and conservation. They live in remote and
harsh environments where traditional monitoring techniques are challenging; they often occur in
small isolated populations which are, by definition, more difficult to monitor and face increased
risk of declines; and they exhibit life history characteristics that make them particularly
susceptible to over-harvest and slow to recover from population declines (Toweill et al. 2004,
Festa-Bianchet and C6té 2008). Potentially as a result of some of these challenges, mountain
goats have suffered recent population declines across much of the southern portion of the
species’ native range over the past 50—70 years (Coté and Festa-Bianchet 2003, Festa-Bianchet
and Coté 2008, Smith 2014). For example, goat populations in British Columbia have declined
by half from an estimated 100,000 in 1960 to 39,000-63,000 in 2010 (Mountain Goat
Management Team 2010). Abundance of mountain goats in Washington has declined by 60
percent since 1950 (Rice and Gay 2010). Due to concerns about declines in Alberta, wildlife
officials closed the entire province to goat hunting in 1987. Only in 2001 were conservative
harvest quotas reinstated there (Hamel et al. 2006).

In Montana, the status of mountain goats is complicated. The western portion of the state
supports native populations. To the east, additional populations were established by
translocating goats into prehistorically unoccupied habitat (Figure 1). License numbers to hunt
native goats have generally been reduced over the past three or four decades, indicating
population declines in some areas. Carlsen and Erickson (2008) concluded, “The decline in
mountain goat populations is alarming and deserves investigation by Montana Fish, Wildlife and
Parks [MFWP]. When goat populations decline, it appears they don’t recover.”

Figure 1.
Distribution of
extant native and
introduced
populations of
mountain goats in
Montana, 2016.
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Concern over declines in native mountain goat populations are also supported by findings in
Alberta, British Columbia, and Washington, which indicate that the mountain goat’s natural
history may make it particularly sensitive to harvest (and other factors, such as motorized vehicle
disturbance) relative to other big game species (Gonzalez-Voyer et al. 2003, Hamel et al. 2006,
Mountain Goat Management Team 2010, Rice and Gay 2010).

Contrary to the decline of Montana’s native mountain goats, substantial increases have been
observed in some introduced populations (Williams 1999, Lemke 2004, Flesch et al. 2016). The
transplanting of goats into southwestern and central Montana began over 70 years ago. From
1941 to 2008, 495 animals were transplanted to 27 different sites, with some ranges receiving
multiple introductions (Picton and Lonner 2008). Introduced herds in some locations have
grown in both numbers and geographic range, while other introductions appeared to have failed,
whether immediately or after a period of time.

Carlsen and Erickson (2008) reported that the statewide total goat harvest has been relatively
stable over the past 30 years, although this summary may mask markedly different trends
occurring among native and introduced populations. A synthesis of historic harvest and
monitoring data from each hunting district (HD), and aggregated at larger scales, would elucidate
potential shifts in population trends among native and introduced populations, with implications
for future conservation of mountain goats and the recreational opportunities they afford.

Montana has a rich history of research into the biology, ecology, and conservation requirements
of mountain goats, beginning with the work of Casebeer et al. (1950). Studies during the 1970s
and ‘80s provided the most comprehensive biological information on Montana’s native goat
populations (Chadwick 1973, Rideout 1974, Smith 1976, Thompson 1980, Joslin 1986). Several
studies in the Crazy Mountains provided information on that introduced population’s ecology
and growth during the 1950s and 1960s (Lentfer 1955, Saunders 1955, Foss 1962). Changes in
numbers and distributions of other introduced populations were closely monitored in recent years
by MFWP (Swenson 1985, Williams 1999, Lemke 2004). Most recently, Flesch et al. (2016)
described range expansion and population growth of introduced goats in the Greater Yellowstone
Area.

The aim of this study was to compile and synthesize mountain goat harvest and population
information at a statewide scale across Montana over the past 50-60 years, with particular
attention to comparing and contrasting dynamics of native and introduced mountain goat
populations. We also developed and distributed an expert-opinion survey to solicit the insights
and opinions of MFWP personnel (area biologists and/or regional wildlife managers whose
jurisdictions include mountain goats) regarding population trends, limiting factors, monitoring
practices, and future research and management needs. Summarized results from this survey of
MFWP biologists represent the current state of knowledge about Montana’s mountain goats,
with potential to guide future research, monitoring, and planning efforts aimed at filling
information gaps and sustaining or enhancing mountain goat populations and hunting
opportunity.



Project Objectives

1. Compile and digitize historical harvest and population monitoring data from MFWP
records and reports into a statewide database.

2. Assess trends in mountain goat populations and hunter harvest across Montana, with
attention to differences in dynamics among native and introduced populations.

3. Use an expert-opinion questionnaire sent to MFWP personnel to assess the state of
knowledge regarding population trends, monitoring practices, limiting factors, and
management and research needs for Montana’s mountain goats.

OBJECTIVE 1: COMPILE HISTORICAL DATA

We began this project by compiling as much historical data as we could find regarding mountain
goat harvest and monitoring. Data sources included:

1. MFWP’s internal website databases
a. Wildlife Information System (WIS), aerial survey data
b. Wildlife Information System (WIS), hunting and harvest survey data — per HD
c. Mandatory Reporting Response Entry (MRRE), harvest data — per animal
2. Various electronic data files and reports from area biologists
3. Archived MFWP Survey & Inventory reports from regional office libraries or archives in:

a. Kalispell
b. Missoula
c. Butte
d. Bozeman
e. Helena

We organized these data in an electronic database for our analyses. The database will be
archived and/or distributed within FWP upon the project’s completion. After completing the
database, we sent data subsets to each area biologist for review and/or editing of hunting,
harvest, and population survey data within their respective jurisdictions. Thus, nearly all of these
data have been reviewed by FWP biologists with knowledge about each local area.

The compilation of mountain goat harvest data included >2,200 district-years of data concerning
quantities of licenses issued, total numbers of goats harvested, and numbers harvested according
to sex. Some data were available as far back in time as 1948 for some HDs. Data for most
regions were more consistently available during the period of 1960-2015. Information on the
sex, age, and horn measurements for >5,100 individuals was also available via mandatory
checking of harvested goats, which began in 1982 and continued through 2015. Other harvest
data, such as hunter-days, goats observed, and days per goat seen or harvested, were
inconsistently collected over space and time and not deemed suitable for summary in this report.

Population survey data presented challenges to compile because they were not necessarily
collected or summarized in reports every year in a way similar to harvest data. We were able to



compile data from many population surveys by reading regional survey and inventory reports.
Review of population survey data by current FWP area biologists allowed us to fill in many data
gaps, although we may still be missing data for certain areas and time periods. To date, we have
compiled >700 individual goat population surveys spanning 1942—2016.

OBJECTIVE 2: TRENDS IN HARVEST AND POPULATION SURVEY DATA

Hunter harvest data

We analyzed mountain goat hunter harvest data for the period spanning 1960-2015 (Figure 2).
The availability of hunting licenses during this period peaked in 1963 at 1,371 licenses, primarily
for hunting of native populations (Figure 2a). Unlimited licenses were available for several
native populations in Region 1 at the beginning of the study period in 1960, although regulations
for these HDs were gradually switched to limited-draw-based hunting during the subsequent
decade. The last unlimited hunting occurred in 1971 in a portion of the Bob Marshall
Wilderness, after which only limited licenses were offered in all HDs. In 2015, 16,643 hunters
applied to the lottery for 241 goat licenses, with a 1.4% chance of successfully drawing.
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Figure 2. Trends in A) the availability of hunting licenses and B) hunter success rates (kills per
license) for native and introduced populations of mountain goats in Montana, 1960-2015.
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The success rates of hunters, measured as kills per license sold, were lowest during the beginning
of this study period, averaging 34% for native populations and 41% for introduced populations
during the 1960s (Figure 2b). During subsequent decades, as licenses were reduced in native
ranges and increased in introduced ranges, success rates for both increased. Throughout this
period, hunter success in introduced range has remained consistently higher than in native range.
Thus far during the 21% century (2000-2015), success rates have averaged 65% for hunters of
native populations and 74% for hunters of introduced populations. Hunter success rates are
typically high and difficult to interpret for special big game species with low-odds license
drawings. In such cases, we do not expect trends in hunter success to reflect those of abundance
of mountain goats.

Mirroring trends in license availability, total harvest of mountain goats was highest during the
early 1960s, peaking at 513 animals in 1963 (Figure 3). By the late 1970s and throughout the
1980s, total harvest became somewhat stable, averaging 216 goats per year during 1977—-1989,
and ranging from 170-242. Similar harvests have been achieved since, including during the
1990s (mean=212, range=197-228), the 2000s (mean=221, range=184-250), and most recently
2010-2015 (mean=198, range=174-214; Figure 3). Less visible during this 40-year period of
stability in total harvest has been a dramatic shift in harvest from native to introduced
populations (Figure 3). In the early 1960s, 87-88% of harvested animals were from native
populations, averaging 377 native goats harvested per year compared to 55 introduced goats.
Since that time, the proportionate harvest of native goats has declined substantially as a result of
both reduced licenses in native populations and increased licenses in introduced populations
(Figures 3, 4). In 2015, 25 goats were harvested from native ranges compared to 155 from
introduced ranges.
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Figure 3. Total harvest of mountain goats and the proportion of harvest coming from native
populations in Montana, 1960-2015.



When looking at trends in total harvest according to administrative region, large declines in
native harvest are evident in Regions 1 and 2 of western Montana. To the contrary, substantial
increases in harvest have occurred in introduced populations in Region 3 of southwestern
Montana (Figure 4).
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Figure 4. Numbers of mountain goats harvested from native and introduced populations, by
administrative region, in Montana, 1960-2015.

Unlike other North American ungulates, mountain goats present a unique challenge to hunters
and wildlife managers because the sexes are difficult to differentiate in the field. Male and
female goats do, in fact, exhibit sexually dimorphic horn characteristics, but these and other
subtle differences can be challenging for untrained observers to identify (Smith 1988a).
Consequently, MFWP has consistently offered either-sex licenses that allow hunters to legally
harvest either a male or female. Harvest of male goats is typically the goal for both wildlife
managers (e.g., to harvest animals with lower reproductive value) and for hunters (e.g., to harvest
animals with larger trophy scores). To support this goal, MFWP currently offers information and
videos on their website as a voluntary educational opportunity for hunters. An exception to
either-sex licenses was implemented in 2016 when 25 female-only licenses were issued in the
Crazy Mountains HD313. Early indications are that hunters with these licenses were quite adept
at successfully identifying and harvesting females during the 2016 season (e.g., preliminary data
showed 14 of 14 harvested goats were females, K. Loveless, personal communication).

To assess how hunter education and/or selectivity may have changed in past years, we also
summarized the proportion of females within the harvested sample of mountain goats during
1960-2015 (Figure 5). There was no statistical difference in proportionate harvest of females
among native and introduced populations (t110=0.543, P=0.588). A decreasing trend in the
annual proportion of females in the harvest was evident among both native (f=-0.002, P=0.001)
and introduced (p=-0.002, P=0.001) subsets of the statewide harvest, showing an average
decrease of 0.2% per year. For example, an average of 42.2% of the annual harvest was females
during the 1960s (excluding the outlier value of 18% from 1964), while an average of 30.7% of
the harvest was females during 2010-2015.
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Figure 5. Proportion of females within the annual harvest of mountain goats, among native and
introduced populations, in Montana, 1960-2015.

In order to compare trends in total harvest among regional populations, we grouped 69 different
mountain goat HDs that have been used during various portions of the period 1960-2015 into 28
regional “populations” (Figure 6). The area and number of animals encompassed by each
population were not consistent, although we attempted to delineate populations according to
logical topographic or ecological boundaries. These groupings included 14 native populations
and 14 introduced populations, and we plotted long-term trends in total mountain goat harvest
for each (Figure 7). The native population in the Whitefish Range saw no harvest during this
period and was eventually deemed as extirpated. Declines in harvest are evident for nearly all
native populations (with the possible exception of the Cabinet Mountains) and some introduced
populations, while other introduced populations show recent increases in harvest.
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Harvest rates

We estimated contemporary harvest rates of mountain goats by combining hunter harvest data
presented here with population estimates developed below via questionnaires to FWP area
biologists (see Objective 3). We estimated the “license rate” in 2015 as the number of licenses
issued divided by the estimated population size of mountain goats within a given jurisdiction.
We estimated the “harvest rate” as the 2015 estimated total harvest of mountain goats divided by
the estimated population size (Table 1).

Table 1. Population estimates, hunting licenses offered, total harvest, and estimated license rate
(licenses/population size) and harvest rate (harvest/population size) of mountain goats among
regional populations in Montana, 2015. See “Objective 3-Population estimates” below for more
information about population estimates.

Population estimate Total  License Harvest

Regional population (Range) Licenses harvest rate rate

Cabinet 135 (125-155) 8 7 5.9% 5.2%
Bob Marshall 360 (322-367) 13 10 3.6% 2.8%
Mission 17 (16-18) 2 0 11.8% 0%
» Whitefish (extirpated) 0 0 0 -- --
S Anaconda 20 (0-40) 0 0 0% 0%
< Blackfoot 40 (20-55) 0 0 0% 0%
a Flint Creek 25 (0-70) 0 0 0% 0%
8 Great Burn 23 (20-25) 0 0 0% 0%
2 West Bitterroot 100 (80-120) 2 1 2.0% 1.0%
§ Sapphire 10 (0-40) 0 0 0% 0%
West Fork 30 (10-100) 0 0 0% 0%
Beaverhead 51 (36-66) 0 0 0% 0%
Pioneer 125 (75-150) 9 3 7.2% 2.4%
East Front 223 (165-315) 5 4 2.2% 1.8%
Absaroka 470 (355-538) 58 38 123%  8.0%
Bridger 78 (56-98) 5 4 6.4% 5.1%
Crazy 450 (330-550) 50 42 11.1%  9.4%
g Elkhorn 20 (9-30) 0 0 0% 0%
= Gallatin 250 (140-275) 30 28 12.0% 11.2%
= Highland 10 (10-15) 0 0 0% 0%
S Madison 617 (447-760) 24 19 3.9%  3.1%
3 Sleeping Giant 0 (0-1) 0 0 0% 0%
S Snowcrest 48 (22-48) 3 3 6.3% 6.3%
'8 Tobacco Root 27 (11-44) 3 3 11.1% 11.1%
£ Big Belt 105 (81-130) 2 1 1.9% 1.0%
Square Butte-Highwood 105 (90-135) 6 5 5.7% 4.8%
Big Snowy 1(1-2) 0 0 0% 0%
Beartooth 345 (290-422) 21 12 6.1% 3.5%
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In 2015, MFWP issued a total of 241 mountain goat hunting licenses (39 for native populations,
202 for introduced populations). License holders harvested an estimated 180 mountain goats (25
from native populations, 155 from introduced populations). MFWP biologists estimated a total
population of 3,685 mountain goats (1,159 in native populations and 2,526 in introduced
populations) on MFWP-administered lands (excluding National Parks and Indian Reservations;
see Objective 3). When summing estimates of harvest and goat populations statewide, the
estimated statewide license rates in 2015 were 6.5% overall, or 3.4% from native populations
and 8.0% from introduced populations. The estimated statewide harvest rates were 4.8% overall,
or 2.1% from native populations and 6.1% from introduced populations.

We also estimated license and harvest rates specific to each regional population of mountain
goats by grouping data among HDs into populations as described above for harvest trends.
Among the 13 extant native populations, 7 were closed to hunting and 6 provided hunting
opportunity in 2015. The average license rate among the hunted native populations was 5.5%,
and the harvest rate averaged 2.0% (Table 1). Among the 14 introduced populations, 4 were
closed to hunting and 10 provided hunting opportunity in 2015. The average license rate among
the hunted introduced populations was 7.7%, and the harvest rate averaged 6.3% (Table 1).

Population survey data

We conducted pilot trend analyses of aerial survey data spanning 1960-2015 but found the
results difficult to interpret. The availability of data varied substantially among areas and among
time periods. The survey areas did not always appear consistent given small populations of goats
and often challenging flying conditions, and the timing of surveys also varied in many cases.
While consistent and rigorous data were available for several populations, there were many
populations for which a consistent stream of data at reasonably high frequency of once per 1-5
years were unavailable within this period. For all of these reasons, we felt formal trend analyses
of the survey data would be difficult to synthesize at a statewide scale in a meaningful way.

We instead focused our analysis on survey data collected during the 21 century (2000-2015),
and identified 52 survey areas (typically HDs) with at least one survey during this period, for a
total of 171 surveys (Table 2). To estimate annual population growth rates, A, from survey count
data, we used exponential growth state-space models developed by Humbert et al. (2009). These
models have been shown to more rigorously measure uncertainty surrounding estimates of trend
by accounting for process variance (i.e., biological variation) in annual growth rates as well as
observation error that induces additional sampling noise around annual count data. Flesch et al.
(2016) also used these methods in a recent analysis of mountain goat population trends from
survey count data in the Greater Yellowstone Area. Our analysis includes some of the same
populations as those studied by Flesch et al. (2016), although we focus only on a recent time
period, 2000-2016. This statistical approach has been shown to perform well with a minimum
of 5 data points spanning a ten-year survey period (Humbert et al. 2009, Flesch et al. 2016). For
our analyses we identified a set of 21 survey areas for which at least 5 surveys for 5 unique years
had been conducted. In our case, this spanned a 16-year study period.

We estimated survey-based population growth rates for 5 native populations and 16 introduced
populations during 2000-2015 (Figure 8). Survey data were more limited for native than

13



introduced populations. For native populations, point estimates of A were <1 for 4 of 5
populations, although 95% confidence intervals of A overlapped 1 for all but one of these (HD
101, West Cabinet Mountains). The estimated population growth rate for the 5™ native
population was 2=1.0. Among introduced populations, point estimates of A were <1 for half (8
of 16) of populations and >1 for the other half. Confidence intervals of A overlapped 1 for 14 of
16 introduced populations, while confidence intervals for the remaining 2 populations (HD 330,
North Absaroka, and HD 514, Line Creek) indicated estimates of A that were significantly <I.

Given the wide confidence intervals surrounding most estimates of A, little can be said with
statistical certainty about trends in survey data for many of these mountain goat populations
using survey data alone. Plotting the precision of trend estimates relative to the number of
individuals counted per survey area suggested a positive relationship between the magnitude of
counts and precision (Figure 9). Thus, statistically rigorous estimates of trends are more difficult
to attain under survey conditions of small populations and infrequent surveys.

Among all mountain goat survey areas, with at least one survey during 2000-2015, the average
count was 39 animals. For the subset of 21 areas with >5 surveys the average count was 56
animals. When comparing the standard error of estimates of lambda by the magnitude of these
counts per area, it appears that there is potential for a high amount of uncertainty (i.e., SE
estimates >0.05 would lead to confidence intervals >0.2 units wide surrounding 1) when the
average number of goats counted is <100 animals. This would apply to 48 of all 52 survey areas
flown during 2000-2015, unless surveys were designed such that data could be pooled among
multiple survey areas prior to interpretation. However, a formal power analysis of simulated
mountain goat survey data would provide an improved depiction of the precision of trend
estimates under various scenarios of monitoring goats with aerial surveys.
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Table 2. Mountain goat survey areas and/or hunting districts (HD), the number of surveys

conducted during 2000—2015, and the average total count per survey, Montana.

Regional population

Survey area or HD

N surveys

Average count

100 7 80 (40-113)
Cabinet 101 8 36 (7-57)
121 9 8 (2-17)
Montanore Mine 6 15 (3-43)
Mission 131 1 38 (38-38)
132 2 20 (15-24)
133 3 27 (4-48)
134 1 26 (26-26)
Mission — Bob Marshall 140 1 47 (47-47)
n 142 2 38 (20-56)
S 150 2 39 (33-44)
= 151 2 9 (2-16)
= Anaconda 222 223 2 25 (9-40)
S 283 2 10 (10-10)
S Blackfoot 280 (Dunham) 3 27 (24-32)
> 280 (Scapegoat) 4 31 (20-37)
< . 212 2 19 (13-25)
Z Flint Creek 213 1 0 (0-0)
Great Burn 220 2 4 (2-5)
West Bitterroot 240 6 66 (19-119)
West Fork Bitterroot 250 (portion) 2 41 (38-43)
321 1 7(7-7)
Beaverhead 322 4 15 (10-19)
Pioneer 312 4 11 (0-33)
414 1 11 (11-11)
East Front 415 3 26 (24-27)
442 & Sun River Game Preserve 11 46 (22-71)
323 7 167 (120-221)
Absaroka 329 7 113 (75-147)
330 7 27 (17-38)
Bridger 393 5 54 (25-88)
Crazy 313 8 288 (190-371)
Elkhorn 380 2 5 (0-9)
Gallatin 314 4 128 (34-180)
n 324 3 60 (53-71)
S 325 5 33 (25-41)
= . 326 4 20 (13-24)
= Madison 327 5 16 (6-22)
S 328 3 4(2-7)
_g— 362 6 35 (6-74)
@ Sleeping Giant 332 5 2 (0-4)
2 Snowcrest 331 1 22 (22-22)
© Tobacco Root 320 3 49 (11-84)
= . 451 8 32 (17-53)
Big Belt 453 10 30 (2-49)
. 447 3 53 (35-62)
Square Butte-Highwood 460 3 40 (26-50)
316 10 43 (8-76)
514 (winter trend area) 10 48 (12-94)
Beartooth 517 (winter trend area) 10 24 (4-51)
518 (winter trend area) 10 21 (2-49)
519 (winter trend area) 5 8 (2-24)
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Figure 8. Mean annual population growth rates and 95% confidence limits for 21 mountain goat
survey areas in Montana, 2000-2016.
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OBJECTIVE 3: SURVEY OF FIELD BIOLOGISTS

MFWP previously contracted a survey of population status, management practices, and research
needs for another ungulate species, moose (Alces alces; Smucker et al. 2011). As in that project,
we developed an original, standardized questionnaire for completion by MFWP area biologists
whose jurisdictions include mountain goats. We emailed this 25-question survey to eighteen
MFWP biologists in Regions 1-5 who have management responsibility for currently delineated
mountain goat HDs. Responses were compiled and summarized separately for native and
introduced mountain goat populations. We treated HDs as population sample units for
summarizing results, and populations not currently within an administrative HD were included as
independent samples. For a subset of questions (3, 7, 11, and 20), we asked respondents to rank
a set of possible answers by their relative importance within each HD. In these cases,
respondents were free to select and rank as many or as few options as were applicable, with their
top choice receiving at rank of 1. We summarized answers to these questions in 2 ways: 1) first
we recorded the number of times (the count) a given answer was selected, and 2) we scored
rankings in reverse order such that ranks of 1 received the most points. For example, Question
#3 included 7 possible answers, and a ranking of 1 received a score of 7, a ranking of 2 received
a score of 6, and so on. Scores were then summed for each possible answer across all responses.
Other questions were open-ended and received longer narrative responses. These responses are
summarized in the following section, with complete details of responses from biologists
presented in the Appendix.

Population estimates (Question 1)

We asked area biologists to provide population estimates for a total of 58 population units,
including 26 HDs with native populations, 26 HDs with introduced populations, and 6
populations (4 native and 2 introduced) not currently within an HD (Appendix, Q1). These
estimates were derived from the best available information from aerial and ground surveys, and
applying sightability corrections and professional judgment. Several biologists provided
narrative descriptions about individual HDs on their questionnaires. Along with population
estimates, we also asked for a “range of confidence” of the estimate within each HD. This was
not a statistical confidence interval. In some cases, a range of sightability values from the
literature were used to estimate these ranges of confidence surrounding point estimates, and in
other cases these were “best guesses” at the range of possible values of true abundance. When
pooling estimates for summary purposes across multiple HDs, we used the sum of point
estimates, low range of confidence boundaries, and high range of confidence boundaries to
characterize total estimates and range of confidence boundaries for the pooled area.

The estimated total population (and range of confidence) of mountain goats in 2016 in native
populations was 1,159 (885-1,537), and in introduced populations was 2,526 goats (1,842—
2,958). The combined statewide population (excluding the 2 national parks) was 3,685 (2,727—
4,495). An additional 2,000 (1,700-2,300) goats are estimated to live in native populations
within Glacier National Park (Belt and Krausman 2012, J. Belt pers. comm.), and 225 (200-250)
goats from introduced populations inhabiting northern Yellowstone National Park, either year-
round or seasonally (Flesch et al. 2016). Including animals within national parks yields
statewide estimates of 3,159 native goats and 2,751 introduced goats totaling 5,910 in all.
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All introduced populations occur east of the Continental Divide in Regions 3-5. All native
populations occur in Regions 1 and 2, west of the Continental Divide, plus three HDs in Region
3 and three HDs in Region 4 (Figure 1; Appendix Q1).

Past trends and limiting factors (Questions 2-5)

Area biologists estimated that 77% (23 of 30) of native mountain goat populations have declined
over the past 50-year period of 1960-2010, including 1 extirpated population (Appendix, Q2).
An additional 13% (4 of 30) were judged to be stable and 10% (3 of 30) had uncertain trends
over this period. For introduced populations, biologists estimated that 43% (12 of 28) declined
during this 50-year period, 11% (3 of 28) remained stable, and 43% (12 of 28) increased.
Population trend was uncertain for the remaining herd of introduced goats.

The most commonly cited factors limiting goat numbers over the past 50 years were total hunter
harvest followed by unknown reasons, harvest of female goats, habitat changes, and predation
(Appendix, Qs 3, 4). That sequence was very similar for both native and introduced populations
of goats, with ORV/snowmaobile use a concern in several HDs of native goats, and predation a
greater concern for introduced populations. Several respondents noted the uncertainty
surrounding declines in native goat populations, sometimes as a consequence of insufficient
population data needed to assess changes (Table 3).

Table 3. Relative importance of factors limiting goat populations during past years (1960—
2010) for native populations (26 HDs plus 3 populations not within current HDs) and for
introduced populations (26 HDs plus 1 population not within a HD). Count data indicate the
number of populations to which a limiting factor applies. Weighted scores reflect both the
number of populations to which a factor applies and the relative rankings of that factor among
others selected. See Appendix, Q3, 4 for detailed responses.
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From our compilation of hunting license records, we found that the total number of licenses
issued to hunt native populations has declined over the study period (and 9 of 26 native HDs
have been closed to hunting; Objective 2). When asked why licenses in their areas of
management responsibility had declined, biologists most frequently indicated that licenses were
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reduced in response to observed declines in goat numbers (38%) and as precautionary actions
until more reliable population data become available (25%; Appendix, Q5).

Current trends and liming factors (Questions 6-8)

We also asked about the status of goat populations in recent years: 2010—present. Biologists
responded that 75% of native populations declined during this time or their status was uncertain;
whereas introduced populations were largely stable (54%) with a few increasing and a few others
decreasing (Appendix, Q6). The most commonly cited factors currently limiting goat numbers
were habitat changes, followed by harvest of female goats, total goat harvest, predation, and
ORV/snowmobile disturbance (Table 4, Appendix, Q7, 8).

There were marked differences between perceived factors limiting native versus introduced
populations. For introduced populations, predation, harvest of females, total harvest, and habitat
changes ranked similarly as most important. For native goats, habitat changes were most
important, followed by ORV/snowmobile disturbance, small population risks, and climate
change concerns.

Table 4. Relative importance of factors limiting goat populations currently or into the future for
native populations (26 HDs plus 3 populations not within current HDs) and for introduced
populations (26 HDs plus 1 population not within a HD). Count data indicate the number of
populations to which a limiting factor applies. Weighted scores reflect both the number of
populations to which a factor applies and the relative rankings of that factor among others
selected. See Appendix, Q7, 8 for detailed responses.
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Compared to past limiting factors (1960-2010, see Table 3), there was less uncertainty about
factors currently limiting populations. For introduced goat populations, concerns about effects of
harvest levels on populations (total and females), habitat changes, and predation remained high.
For native populations, there was a shift away from historical concerns about harvest levels to
how populations are now being affected by habitat changes (see Habitat considerations section
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below), ORV/snowmobile disturbance, climate change, and small population risks. In part, this
shift reflects a steep reduction in licenses issued for hunting of native populations over the years.
As numbers of goats in native populations have decreased (see Questions 2-5 above), numbers
of licenses and harvested goats have plummeted from an average 967 licenses and 329 harvested
annually during the decade of the 1960s to an average of 50 licenses and 33 goats harvested
during 2007-2015 (39 licenses and 25 goats harvested from native herds in 2015). Contrarily,
introduced populations have generally prospered at most transplant sites since their
introductions. Numbers of licenses and goats harvested from introduced populations have
increased from an average 169 licenses and 71 goats harvested annually during the 1960s to an
average of 225 licenses and 165 goats harvested during 2007—2015 (202 licenses and 155 goats
harvested from introduced populations in 2015).

Regarding native goat populations, several biologists noted that the cumulative effects of specific
factors listed in Table 4 may be perpetuating suppression of goat numbers that may have begun
prior to 2010 (Appendix, Q8). Regarding introduced populations, biologists raised concerns
about suspected predation on goats as well as the need for careful monitoring of harvest rates and
potential overuse of available range by goats (Appendix, Q8).

Harvest and season setting (Questions 9-16)

Biologists managing HDs with native goats take an almost unanimously conservative approach
to harvest, with the goal of minimizing impact on populations (Appendix, Q9). Nine of those 26
HDs are closed to hunting; and 8 of the 9 closed HDs are in Region 2. For HDs with introduced
goats, objectives of harvest were more varied. Biologists have recommended harvest strategies
to limit population growth in six HDs with introduced populations, whereas three of the 26 HDs
with introduced populations have been closed to hunting.

Biologists varied in their assessment of the adequacy of survey and inventory information
available to them for making management decisions (Table 5; Appendix Q10). The results
suggest that, on average, more adequate survey data are collected in HDs with introduced goats.
This corresponds to a greater proportion of statewide hunting opportunity being offered in HDs
with introduced goats (84% in 2015), though there could be a variety of reasons for variations in
survey frequency. When asked which factors were most limiting to population survey efforts,
biologists identified aircraft/pilot unavailability, adverse weather conditions, and lack of funding
as leading reasons (Appendix, Q12). Differences in population size may also play a role in the
adequacy of information available, given our results show that larger populations yield more
reliable, less variable, and thus more useful population survey data (Figure 9).

Survey minimum counts and survey recruitment ratios (e.g., kids per goat aged >1-year-old) are
the two types of data on which biologists place the greatest reliance in setting harvest regulations
(Table 6; Appendix Q11). This is true for both native and introduced populations, which
underscores the importance of obtaining reliable population survey data to manage goat
populations. The next two factors most relied on to set regulations were FWP harvest data
(number of animals harvested relative to number of licenses issued) and hunter effort data
(number of days/animal harvested). With mandatory reporting of mountain goat kills and
consistent annual hunter harvest surveys, these may be the most consistently available data at
biologists’ disposal.
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Table 5. Tallied responses from 17 biologists regarding the quantity and quality of mountain
goat survey and inventory information available for making management decisions, for those
managing both native (N=10) and introduced (N=7) populations (see Appendix Question 10).

Somewhat Somewhat
Adequate ; Inadequate
adequate inadequate
Native populations 2 4 4
Introduced populations 1 4 2
Total 1 6 6 4

Table 6. Relative importance of information that biologists use to set annual goat harvest
regulations for native populations (26 HDs plus 3 populations not within current HDs) and for
introduced populations (26 HDs plus 1 population not within a HD). Count data indicate the
number of populations to which a limiting factor applies. Weighted scores reflect both the
number of populations to which a factor applies and the relative rankings of that factor among
others selected. See Appendix, Q11 for detailed responses.
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When asked if proposed quotas for other species, such as mountain lions, have been affected by
population demographics of overlapping mountain goat populations, 16 of 17 respondents
answered “no” (Appendix Q13).

We also asked biologists two questions regarding how considerations of the sex of animals
entered into hunters’ decisions when targeting a mountain goat. Responses indicated that an
average of 55% of hunters intend to harvest a male rather than a female (Appendix, Q14); and
biologists estimated that an average of 52% of hunters can correctly identify a mountain goat’s
sex under field hunting conditions (Appendix, Q15). These results suggest that over half of
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license-holders may be as likely to kill a female as a male, particularly with female-biased sex
ratios being typical in the adult cohort of goat populations (Chadwick 1973, Rideout 1974,
Gonzalez Voyer et al. 2003). In a simulated field test, 81% of attendees of a Northern Wild
Sheep and Goat Council meeting accurately identified the sex of mountain goats after being
shown a 20 minute presentation describing the diagnostic characteristics of each sex. However
77% of participants in that study had prior experience censusing or classifying goats (Smith
1988b). When asked if the educational information provided to license-holders was sufficient
for hunters to make informed decisions about the age and sex of the animals they choose to
harvest, three biologists answered yes, six no, and six were uncertain (Appendix, Q16).

Population surveys (Questions 17-19)

We asked biologists about the methodology used to conduct population trend counts, how often
surveys are conducted and during which seasons. They reported using a combination of ground
and aerial survey types during all seasons and at intervals ranging from annually to never
(Appendix, Q17). When asked if standardized methods should be employed to monitor
mountain goats across the state, the consensus was “no” (14 of 18 responses; Appendix, Q18).

When asked to compare native to introduced goat populations, 5 of 6 biologists who responded
to this question felt that Montana’s introduced populations were generally healthier or more
productive with higher recruitment rates. The majority of biologists surveyed said they did not
have enough experience or knowledge to make this assessment (Appendix, Q19).

Habitat considerations (Questions 20-21)

There was little consensus about which, if any, habitat management programs would benefit goat
conservation or increase hunter opportunity (Table 7). Among the possible management
scenarios suggested in the question, 3 recreational management categories had a combined
weighted score (21), larger than any other category (Table 7; Appendix, Q20). Sixteen of 17
biologists had not completed any habitat-related projects alone or in cooperation with federal
land managers to improve mountain goat habitat or conservation (Appendix, Q21).

Table 7. Relative importance of habitat management programs that would promote mountain
goat conservation and hunter opportunity. Count data indicate the number of populations to
which a management program applies. Weighted scores reflect both the number of populations
to which a factor applies and the relative rankings of that factor among others selected.

~~
L = =
© ) = 2 [ o
S Sl 2 g2 le2| = g 5
o = ; D C"C; < fe)) [72]
w (&) [ (<] < (5]
==| 3| %B| 5 |EE| E B S E
£ g sl s| |22 2 |eE|NE 3
28 5 = S c o c |22 cc 3}
|l @O @ ] T = T o E| 2§ S =
T ol==|23 IS = 2 = c ol 25 = =
P Bl = S o ER [}
V=S| o5 o| © o .| > S TS| T @ c >
c = - = UU;Q_ (<5} < - o < [l at X -
z=|2£|32| 2 |@g2| O |wE|Z2] 5 o
Count 3 5 1 2 4 3 6
Weighted score 9 15 5 1 5 11 5 15

22



Management and research needs (Questions 22-25)

Biologists expressed interest in translocating animals to sustain particular native and introduced
mountain goat populations (Table 8). Several cautioned that introductions should be carefully
evaluated on an area-by-area (herd-by-herd) basis (Appendix, Q22).

Biologists identified a wide array of research needs that would benefit their understanding and
management of mountain goat populations (Appendix, Q23 details all topics). This question was
open-ended (as was Question 24 about management needs) allowing respondents to offer any
number of research topics that interested them. Of the 12 topics mentioned, 3 research themes or
areas of study captured 62% of all topics respondents offered: assessments of habitat condition,
use, and carrying capacity (9 responses); population demographics: productivity, recruitment, kid
survival, and adult survival (7); and causes of mortality (5). The other 9 topics were each
mentioned 3 times or less.

Biologists also identified 8 management or monitoring needs that would assist mountain goat
management (Appendix Q24 details all topics). The 2 topics most often mentioned, and
constituting 68% of all responses, were: better/more frequent monitoring of populations (10
responses); and sightability correction models and improved, standardized, survey methodology
(5). Ten additional topics of relevance to mountain goat management and conservation in
Montana were mentioned 1 or 2 times each by questionnaire respondents (Appendix, Q24-25).

Table 8. Biologists’ responses about whether there is a pressing need for translocation of
mountain goats to sustain native and/or introduced populations.

Yes No
Native 2 4
Introduced 3
Total 5 11

DISCUSSION

Population estimates and trends

The overall goals of this project were to synthesize population and harvest trends of mountain
goats in Montana over the past 50-60 years and to summarize and evaluate their current status
and management circumstances. Based on the responses of FWP biologists who manage
Montana’s goats, there were an estimated 2,526 animals (69% of total) in introduced populations
and 1,159 animals (31%) in native populations in 2016 under MFWP jurisdiction. The combined
statewide population managed by MFWP was 3,685 (2,726-4,493) mountain goats. Including
another 2,225 goats estimated in the 2 national parks yielded an estimated 5,910 animals within
Montana’s borders.
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To put current numbers in historical perspective, we reviewed previous statewide population
estimates of native goats. In an early comprehensive study of Montana’s mountain goat
population, Casebeer et al. (1950) reviewed estimates of the statewide goat population during
1919-1942, as recorded by the US Forest Service, and during 1943-1948 from estimates made
by the Montana Fish and Game Department (Rognrud and Lancaster 1947). Maximum annual
estimates were from the years 1943 through 1946, when 5,000-5,200 goats were estimated
statewide, of which about 940 occupied Glacier National Park. Although establishment of new
herds in previously unoccupied mountain ranges began in 1941 (Picton and Lonner 2008),
Casebeer et al. (1950) recorded an annual maximum of only 97 goats among all introduced
populations during 1943-1946. From these records it appears that about 4,100 goats occupied
native ranges across Montana during 1943-1946 (excluding national parks), a figure three to four
times larger than the 1,159 goats estimated by Montana’s biologists in 2016. Carlsen and
Erickson (2008) estimated 2,719 mountain goats in Montana in 2007, based on population
survey data. Of that total, 1,517 animals were in introduced populations and 1,202 were in
native populations, based upon the raw data they provided to us from that analysis. While the
potential for differences in estimation methods may confound direct comparisons across years,
we estimated an additional 1,000 goats to exist in introduced populations compared to that
estimated in 2007 (Carlsen and Erickson 2008). However, our native goat population estimate in
2016 (1,159) is only slightly lower than theirs from a decade earlier (1,202).

The disparity between native and introduced mountain goats evidenced by these changes in
population estimates was also noted by area biologists’ responses concerning population trends.
Of the 30 native populations, at least 23 (77%) were judged to have declined or been extirpated
since 1960, with trends for 3 additional populations labeled as unknown. To the contrary, 54%
(15 of 28) of introduced populations were judged as stable or increasing, though some declines
are also evident. In the Beartooth Mountains, for example, trend in recent summer aerial survey
data suggests declines of >40% in this introduced population since the 1980s.

Survey responses suggested a variety of causes for declines in native populations over the years.
During the 50 years prior to 2010, the limiting factors most often mentioned as responsible for
influencing goat numbers were total hunter harvest, female harvest, and unknown reasons.
Ranking of current and future threats to goat populations indicated a shift in factors influencing
populations. As licenses were reduced in HDs with native populations, habitat changes,
ORV/snowmobile disturbance, climate change, and small population risks were perceived as
most affecting populations. For introduced goat populations, effects of harvest levels on
populations (total and females), habitat changes, and predation ranked highest in importance.

Harvest management

For native goat populations, numbers of licenses and harvested goats have plummeted from an
average of 967 licenses and 329 harvested annually during the decade of the 1960s to an average
of 50 licenses and 33 goats harvested during 2007—-2015 (39 licenses and 25 goats harvested in
2015). Contrarily, introduced populations have generally prospered at most transplant sites since
their introductions. Numbers of licenses and goats harvested from introduced populations have
increased from an average 169 licenses and 71 goats harvested annually during the 1960s to an
average of 225 licenses and 165 goats harvested during 2007-2015 (202 licenses and 155 goats
harvested from introduced populations in 2015).
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Harvest management of mountain goats has been a topic of much interest and debate in the
literature. Overharvest has been implicated as a source of population declines in native
mountain goats in other parts of their range. Rice and Gay (2010) used population modeling to
evaluate historical trends of mountain goats in Washington and found that population declines
were primarily attributable to harvest. Goat populations, numbering less than 100 animals, are
generally no longer hunted in Washington (Rice and Gay 2010). Hamel et al. (2006) modeled
population dynamics of mountain goats in Alberta and showed high sensitivity of population
dynamics to adult female survival and a subsequently detrimental role of female harvest in
affecting population trends. As a result of these findings, the authors recommended closure of
hunting in populations numbering <50 total individuals, and conservative harvest rates of 1-4%
for larger populations depending on the population size and proportionate female harvest (Hamel
et al. 2006, Rice and Gay 2010). In our study, the average license rates were 5.5% across hunted
native populations and 7.7% across hunted introduced populations, while harvest rates averaged
2.0% for native and 6.3% for introduced populations. Twelve of the state’s 52 currently
delineated HDs have been closed to hunting, ostensibly due to populations too small to support
harvest. Additionally, it’s noteworthy that during the 55 years since 1960 about 38% of the
mountain goats harvested in Montana were females.

Harvest rates of introduced populations have typically been higher, including cases of harvesting
as many as 7.5-20% of the population in some cases (reviewed by Williams 1999 and C6té et al.
2001). Williams (1999) noted that introduced mountain goat populations likely occur in
different stages of Caughley’s (1970) 4 states of an ungulate irruption, as regulated by density-
dependent quality of habitat. Thus, a single optimal harvest rate prescription may not apply to all
populations after accounting for other limiting factors such as density dependence or predation
rates. However, all authors have recommended caution with harvest of mountain goats in
particular due to the difficulties of limiting harvest to males as well as their generally modest
reproductive capacity.

Population monitoring

Current monitoring practices for mountain goats vary widely among local areas in Montana.
Surveys are not frequently conducted in all HDs, and vary with respect to the platform,
frequency, and season among HDs. Our results suggested that current monitoring practices
using aerial surveys alone have not, for the most part, been adequate to reasonably distinguish
increasing vs. decreasing population trends with statistical rigor over the most recent 15-year
time period. Biologists offered that better and more frequent monitoring of populations was their
top management need and suggested research leading to a better understanding population
demographics of goats was a high priority.

Minimum counts documented during population surveys are a valid means of monitoring trend,
as long as the average proportion of individuals seen relative to those in the entire population
does not change over time (reviewed by DeCesare et al. 2016). In other words, an equal
proportion of the population is assumed to be within the survey area and mean sightability of
those within the area is assumed to be constant. While these counts provide a means of
estimating trend, they cannot be used to estimate abundance without specific estimates of
sightability. Measured sightability rates of marked goats have varied from ~40% to 80% in
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studies in British Columbia, Idaho, and Washington (Poole et al. 2000, Pauley and Crenshaw
2006, Rice et al. 2009). Sightability likely varies among goat populations and habitats in
Montana, making it unlikely that a single sightability model would apply across the state (sensu
Harris et al. 2015). Accounting for sightability bias across would Montana would likely require
multiple studies and multiple models to fit varying conditions.

Managers of species that tend to occur in small populations commonly face an additional
challenge of lacking statistical power when interpreting trend surveys. The precision of
population estimates is known to decrease as the size of the population being monitored
decreases (Taylor and Gerrodette 1993, Barnes 2002, DeCesare et al. 2016). For example,
Barnes (2002) found that the confidence intervals for estimates for a West African elephant
monitoring program were likely to be >100% of the point estimates when the population was
below 600 animals. This threshold doesn’t necessarily apply directly to mountain goat
monitoring in Montana. Our results do suggest a positive relationship between the magnitude of
counts and their precision (Figure 9). Thus, lumping subpopulations together into larger groups
whether during surveys or during data analysis may increase our power to detect trends if done
so consistently over time.

A formal power analysis of simulated and empirical mountain goat survey data would offer an
improved depiction of how various survey sampling designs might affect the strength of results.
Additionally, review of other survey techniques or monitoring practices (such as monitoring of
trend via survival and reproductive rates of marked individuals or non-invasive DNA-based
population estimation) may aid in evaluating current practices compared to those employed for
mountain goats in other jurisdictions (Poole et al. 2011).

In addition to minimum counts, biologists indicated frequent use of recruitment ratios when
monitoring mountain goat populations. These ratios are typically formulated as young/adult
ratios, though the definition of the adult denominator appeared to vary across surveys depending
on efforts to distinguish yearling or 2-year-old goats from older animals. Of significance to
interpretation of these data is the important life history detail that the age of first reproduction for
female mountain goats is 3 years of age (Rideout 1975) and primaparity can average >4 years-
old for native populations (Festa-Bianchet and C6té 2008). It is likely that many of the adults
counted in recruitment ratios are not in fact breeding-aged adults. Thus, variation in age
structure of adults across years or populations should be expected to confound interpretation of
recruitment ratio data.

Area biologists also indicated that other data, in addition to survey data, are used when managing
mountain goats. These included hunter harvest data, hunter effort data, and data concerning the
age and sex of harvested individuals. Statistical modeling of these forms of data is not typically
employed, and it is currently unclear if catch-effort or age-at-harvest data would be sufficient to
glean meaningful patterns statistically, whether as a stand-alone analysis or incorporated into an
integrated population model (Skalski et al. 2007, Udevitz and Gogan 2012). Hunter success, in
particular, may be of limited value in assessing the population status of mountain goats,
particularly native goats in Montana. Over the past 60 years as harvest success has increased
(Figure 2), we found that Montana’s native goats have clearly been in decline as have the
number of licenses issued annually. In HDs where only one or two licenses are issued annually,
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hunter success of 100% or 50% in a HD is dicey to interpret, and potentially misleading.
Fidelity of goats to preferred areas of their ranges contributes to the ability of hunters to find and
harvest goats, even when populations are small (Chadwick 1973, Smith 1976, Taylor et al. 2006,
Festa-Bianchet and Co6té 2008). This natural history trait may predispose hunted mountain goat
populations to apparent “hyperstability” when monitored with hunter statistics alone (Hatter
2001). In such cases, hunter harvest statistics may convey a deceptively stable trend even for
declining populations, because hunters continue to find and harvest goats in the same areas and
with the same efficiency regardless of decreased numbers overall (Hatter 2001). Survey
responses suggested that Montana’s goat managers recognize the limited value of harvest success
compared to biological data obtained from population surveys on which they place greater
importance when establishing annual regulations (Table 6). Consequently, population
monitoring ranked highest among management priorities (Appendix Q24).

Population identification

Defining and sampling populations is basic to wildlife management and conservation. For
analytical purposes, we grouped mountain goat HDs into 28 “regional populations” (Figure 6),
but the biological significance of these delineations is unknown.

Where goats occur on an isolated mountain range, for all practical purposes those animals can be
considered a biological population. In mountain range complexes, however, geographically
defining a population or subpopulations of a metapopulation can be problematic. This situation
arises for a number of geographic areas of Montana’s mountain goats, both native and
introduced. In management practice, the definition of a population often necessitates imposing
arbitrary boundaries on the landscape, which may not reflect population biology of the species
on the landscape. Furthermore, if seasonal distributions of populations are not well understood,
and population surveys do not reflect distributions during the hunting season, disproportionate
harvests of individual populations or subpopulations could occur.

Concerns about small population effects raised by several biologists are justified, given the small
and potentially isolated nature of many of Montana’s goat populations. Biologists estimated that
25 of the state’s 52 HDs may support fewer than 50 goats. Such populations risk heightened
consequences of stochastic events and inbreeding depression, compared to large populations or
metapopulations (Hebblewhite et al. 2010, Johnson et al. 2011). Effective conservation of
mountain goats may require additional understanding of the extent to which populations face
such risks. Research on movement and yearlong distributional patterns are needed for some of
Montana’s larger landscapes to determine where populations may now be reproductively
isolated. For some native populations in Regions 1 and 2 this seems particularly germane.

Habitat changes

Of all Montana’s large mammal species, the mountain goat’s distribution is almost completely
on federally or state-managed lands: national forest multiple-use lands, national forest wilderness
areas, two national parks, plus state lands, and some tribal lands in the Mission Mountains.
Steep, rugged terrain and snow are defining features of mountain goat ranges. For some
populations, mineral licks are a seasonally important resource, such as the Walton Goat Lick in
Glacier National Park (Singer 1978). These habitat features and associated, preferred, food
sources largely dictate distributions and movement patterns of mountain goats.
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Because of their high, rugged nature, mountain goat ranges tend to be less subject to human
development and alteration than habitats of the state’s other big game species. Yet, the
biologists we surveyed offered a range of direct or indirect effects, both natural and
anthropogenic, that are either suspected or known to be affecting mountain goats. Road
construction into goat habitat to facilitate mining, energy and timber extraction, and motorized
recreation can alter habitat with implications for goat distributions and demography (Fox et al.
1989, White and Gregovich 2017), and increased vulnerability of goats to harvest (Mountain
Goat Management Team 2010). Numerous studies in Canada and the U.S. have demonstrated
that mountain goats are particularly sensitive to helicopter disturbance (Foster and Rahs 1983,
Coté, 1996, Gordon and Wilson, 2004). Mountain goat management plans for Alberta, British
Columbia, and Washington review how habitat threats are being addressed.

In Montana, some of the most pertinent research conducted on habitat-mediated impacts on goats
includes documentation of how helicopter over-flights associated with seismic testing affects
population dynamics (Joslin 1986), and how road intrusion and timber harvest alter mountain
goat behavior and distribution (Chadwick 1973). However, little is known about the effects of
commercial and recreational activities on most mountain goat populations in the state, or about
the condition and carrying capacity of most goat ranges and how that may relate to population
performance. Likewise the effects of wildfire, or contrarily fire suppression, on goats through
changes in habitat structure, plant succession, and forage are little known. These are noteworthy
areas of research regarding the differing status and trends we identified of native versus
introduced populations generally.

Mountain goats may also be among those species most sensitive to climate change because of
their cold-adapted nature and because the climate is warming (and cascading environmental
changes occurring) twice as rapidly at high elevations compared to the global mean rate of
warming (Beever and Belant 2011).

FUTURE DIRECTIONS FOR RESEARCH AND MANAGEMENT

Montana is unique among the 8 U.S. and Canadian jurisdictions within the native range of the
mountain goat. Montana supports more introduced populations in which numbers of goats
collectively now exceed those in the state’s native populations. Clearly one size fits all
prescriptions for management would not serve the state’s goat populations well. Management
and conservation efforts require consideration of the wide range of habitats Montana’s goats
occupy with special attention to differences between native and introduced goats. However,
statewide coordination of management planning and research prioritization may serve to
leverage resources to address needs and answer questions for broad landscapes and multiple
populations of goats.

From our findings, important topics deserving of future attention in comprehensive planning for
Montana’s mountain goats include:

e Recommendations for harvest of mountain goats: These may well differ for native and
introduced populations. Not only population harvest rates, but sex-specific harvest
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prescriptions dependent on maintaining viable population size could be addressed. Given
that mountain goats occupy habitats relatively secure from human impacts (with some
exceptions) compared to other big game species, and that high natural mortality among
juvenile cohorts is largely beyond managers’ control, wildlife managers can influence
mountain goat conservation largely through regulation of public harvest.

Evaluation of monitoring practices: MFWP biologists rely heavily on population survey
data to establish harvest levels of populations. Improved survey techniques, sightability
modeling, and informed/optimal monitoring frequencies are all important management
needs. Although biologists overwhelmingly felt that monitoring needed to be herd or
hunting district specific because of local conditions, some consensus on data collected
may be important for comparing populations and analyzing multi-year trends. The most
difficult task in this study we conducted was to analyze population survey data due to
inconsistencies in monitoring frequency and protocols. A formal power analysis of
simulated and empirical mountain goat survey data would offer an improved depiction of
how various survey sampling designs might affect the strength of results.

Local monitoring protocols: We support area biologists’ efforts to formally design,
prescribe, and document monitoring protocols for mountain goats in their respective areas
with the goal of detecting changes in population status that require management actions.
These would greatly benefit future area biologists in their jurisdictions and synthesis
efforts such as this one by ensuring comparable data streams over time.

Species management plan: MFWP does not currently have a statewide management plan
for mountain goats. Examples of such plans exist for other species in Montana, and for
mountain goats in neighboring jurisdictions (e.g., Alberta, British Columbia, Idaho,
Oregon, Utah, and Washington). Those state and provincial plans have brought together
much of the pertinent literature and identified key planning elements, some unique to
mountain goat conservation. Development of such a plan has been previously identified
as a priority by MFWP, yet has not occurred in the face of limited time and resources.
Relative to other ungulate species in Montana, a management plan for mountain goats
may be particularly useful for a variety of reasons. First, various life history traits make
them more sensitive to harvest management than other ungulates, which justifies a unique
approach to harvest management of this species. Second, some of the variation in
monitoring practices and/or harvest rates identified in this report might benefit from
regional or statewide coordination or guidelines. Third, the reproductive isolation of
many populations may render goats more vulnerable to natural and anthropogenic
changes in their environment across broad areas of their distribution. Lastly, individual
biologists have less funding and time to devote to gaining local experience and data with
this species relative to other more abundant and/or controversial species, which might
increase the value of a statewide resource for information and guidance.

Ecological research: In addition to the monitoring-based research questions we identified
above, our questionnaire indicated a variety of potential avenues for important research
into mountain goat ecology. These included, but were not limited to, assessments of
mountain goat foraging ecology and habitat condition, demographic vital rates and
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population dynamics, and causes of mortality.
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Appendix 1. Compiled Results from the Biologist Questionnaire

The following 18 MFWP biologists completed the questionnaire during May—September 2016:
Liz Bradley, R2-Missoula

Vanna Boccadori, R3-Butte

Tonya Chilton-Radandt, R1-Libby

Jessy Coltrane, R1-Kalispell

Julie Cunningham, R3-Bozeman

Scott Eggeman, R2-Blackfoot

Craig Fager, R3-Dillon

Adam Grove, R3-Townsend

Adam Grove, R4-White Sulphur Springs (on behalf of Jay Kolbe)
Cory Loecker, R4-Great Falls

Brent Lonner, R4-Fairfield

Karen Loveless, R3-Livingston

Rebecca Mowry, R2-Bitterroot

Ryan Rauscher, R4-Conrad

Jenny Sika, R3-Helena

Shawn Stewart, R5-Red Lodge

Mike Thompson, R2-Upper Clark Fork (on behalf of Julie Golla)
Dean Waltee, R3-Sheridan
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Population Estimates

Q1. Based on available data and your professional opinion, please provide an estimate of
the current total number of mountain goats (N) within each population that you manage
(including 0’s for extirpated populations), as of April, 2016. Please also provide an interval
showing your confidence in the range of possible values for N (“Range of confidence”). If
needed you can lump districts together and provide a single combined estimate.

. Native/ Range of . Native/ Range of
HD Bio i eREas) N Conﬁgence HD Bio Introduced N Conﬁ(gjence
100 | chilton-Radandt | N 85 80 - 95 325 | Cunningham l 82 57 -103
101 | chilton-Radandt | N 50 45 - 60 326 | Cunningham l 37 28 - 44
131 Coltrane N 17 16 - 18 327 Cunningham I 42 30-53
132 Coltrane N 33 31-36 328 Cunningham I 6 4-8
133 Coltrane N 39 36 - 42 329 Loveless I 150 115-170
134 Coltrane N 14 13-15 330 Loveless I 25 19-30
140 Coltrane N 65 60-70 331 Waltee I 48 22 -48
141 Coltrane N 62 58 - 65 332 Sika I 0 0-1
142 Coltrane N 70 67 -73 340 Boccadori I 10 10-15
150 Coltrane N 61 57 - 66 361 Cunningham I 92 66 - 115
151 Coltrane N 16 16 - 16 362 Cunningham I 148 106 - 185
212 Golla N 25 0-50 380 Grove I 20 9-30
213 Golla N 0 0-20 393 Cunningham I 78 56 - 98
222 Golla N 10 0-20 414 Rauscher N 40 20-60
223 Golla N 10 0-20 415 Rauscher N 75 50 -125
240 Mowry N 100 80-120 442 Lonner N 40 35-50
250 Mowry N 30 10-100 447 Loecker I 60 50-75
261 Mowry N 0 0-10 453 Kolbe I 55 45-70
270 Mowry N 10 0-30 460 Loecker I 45 40 - 60
280 Eggeman N 30 15 - 40 514 Stewart I 75 60 - 100
312 Fager N 125 75 - 150 517 Stewart I 90 80 -100
313 Loveless I 450 330 -550 518 Stewart I 75 60 - 100
314 Loveless I 250 140 - 275 519 Stewart I 50 50 - 60
316 Loveless I 55 40 - 62 Fill-in other populations (Sun River Preserve, Rattlesnake NRA, ...
320 Waltee I 27 11-44 Bradley - Rattlesnake N 10 5-15
321 Fager N 20 10-30 Bradley — Great Burn N 23 20-25
322 Boccadori N 31 26 - 36 Lonner — Sun River Preserve | N 68 60 - 80
323 Loveless I 295 221 - 338 Grove — North Big Belts I 50 36 -60
324 Cunningham I 210 156 - 252 Taylor — Big Snowy I 1 1-2

Thier — Whitefish Range N 0 -
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For 26 Native HDs, plus the Great Burn, Rattlesnake, Sun River Preserve, and (extirpated)
Whitefish Range herds, the estimated total population = 1,159 (885-1,537). For 26 Introduced
HDs, plus the North Big Belt and Big Snowy Mountains, the estimated total population = 2,526
goats (1,842-2,958). Total statewide population (not including the two national parks) = 3,685
(2,727-4,495).

PAST trends and limiting factors

Q2. How have goat numbers in your area changed over the past 50 years (i.e., 1960-2010)?

Native Populations (HDs) ) ) )
**You can provide separate answers for individual or groups of Increasing Stable |Decreasing |Uncertain
HDs, or if answer is same across your area you can just put “ALL”

100 X

101 X

131

132

133

134

140

141

142

150

151

212

213

222

223

240

250

261

X[ XXX X XXX XX XXX X XXX

270

280 X

312 X

X

321

322 X

414 X

415 X

442 X

Great Burn X

Rattlesnake X

Sun River Game Preserve X

Whitefish Range (extirpated) X

NATIVE TOTAL 4 23 3
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Introduced Populations (HDs) ) ) )
**You can provide separate answers for individual or groups of Increasing Stable | Decreasing |Uncertain
HDs, or if answer is same across your area you can just put “ALL”

313 X

314 X

316 X

320 X

323 X

324 X

325

326

327

x| X| X| X

328

329 X

330 X

331 X

332 X

340 X

361 X

362 X

380 X

393

447

453

X| X| X| X

460

514

517

518

519

North Big Belts (no HD)

Big Snowy (formerly HD 516)

o) X X[ X| X| X| X

INTRODUCED TOTAL 12 3

For 26 Native HDs, plus the Great Burn, Rattlesnake, Sun River, and Whitefish herds,
goat numbers in 23 of 30 areas were judged to have decreased over the past 50 years with
numbers in 4 others stable and 3 others uncertain.

For 26 Introduced HDs, plus the North Big Belt and Big Snowy Mountains, goat numbers
in 12 increased, 3 were stable, and 12 decreased over the past 50 years.
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Q3. Which limiting factors do you suspect may have affected goat numbers in your area of
responsibility during the past (1960-2010)? Please numerically rank for each HD those that
apply, with 1 being of highest importance. Leave blank those that don’t apply. Compiled by
hunting district (HD) as indicated by biologists (including Great Burn, Rattlesnake, Sun River
Preserve, and North Big Belts). Weighted score accounts for relative rankings.

. £
3 A 2 £
m g o g—’, % 'é § ) g 5 %
Count of_HDs per category 3 TEG 3w é.% S g 5 S _ § > g : ;
and ranking S= | 25 8228 ¢ 5585, & 29 ¢
o | E| €E3|SE|SE28 ¢ |288g g|8%8| = s
2 | E | 3* §g E¢le B3 £2ER &8 =28 T 2
2 | 8| 5E 52|55z 2 |BE 55 £|E8| £ | 2
a a | I&£ | IS |TE0T| w|a83|ZL O || OO )
Ranked 1% (7 points) 1 7 10 2 | 4 5 15
Ranked 2" (6 points)| 1 3 10 1|1 11 1 1
Ranked 3" (5 points) | 1 3 319 1 1
o |Ranked 4" (4 points) | 1 3 10 1 1 2
+ |Ranked 5" (3 points) 3 1 9
< |Ranked 6 (2 points) | 4 1 1
Ranked 7" (1 point) 2
Count of HDs 7 10 21 10 17 | 14 3 |10 9 21
Weighted score 23 | 49 | 126 70 78 | 79 15 | 33 | 52 123
Ranked 1% (7 points) 3 2 2 42 7
Ranked 2" (6 points)| 2 3 2 4 2 3
- |Ranked 3 (5 points) 2 5 2 2 1 1
§ Ranked 4" (4 points) 2 1 1 5
'g Ranked 5" (3 points) 2 1
£ |Ranked 6" (2 points) 1 1
Ranked 7" (1 point) 2 1 1
Count of HDs 4 12 11 10 10 1 4 5 8
Weighted score 14 | 63 56 54 | 43 3 23 30 54
S Count of HDs 11 2 32 20 27 | 14 4 |10 | 13 5 29
o
g Weighted Score 37 | 112 | 182 124 1121 | 79 18 | 33 | 75 177
a Other factors were ranked 1% and described in Q4 below for 4 introduced populations (HDs 313, 331,
332, 340)

b Other factors were ranked 6" and described in Q4 below for 1 introduced population (HDs 320)

The most commonly cited factors limiting goat numbers over the past 50 years (through
2010) were total hunter harvest followed by unknown reasons, harvest of female goats, habitat
changes, and predation. That sequence was very similar for both native and introduced
populations of goats, with ORV/snowmobile use a concern in several HDs of native goats, and
predation a greater concern for introduced populations.
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Q4. Please elaborate here on the limiting factors you marked in Question 3. For example,
if you selected predators, disease, hunter harvest of females or climate change, please
explain.

Following are some specific comments reported by respondents:

“I marked “UNKNOWN?” as a top factor in my areas, as I think the bottom line is that we
really don’t know what has been driving declining goat numbers [native herds] and
therefore research is crucial.”

The percent of adult females in the harvest is disturbing/a concern, and overall harvest
was probably excessive in the past (several respondents).

Small isolated populations are potentially affected by inbreeding depression.

Others mentioned that they suspect climate change effects on goats (or their habitats) but
have no direct information.

Too little population data to assess changes.

There has been pneumonia complex disease in sheep which may have affected goat
production.

“We have the full complement of predators and I would very much like to know how
they influence survival.”

Cumulative effects (hunting + natural mortality) may have caused declines and kept some
native populations low.

Several hunting districts have unique circumstances where trapping and removal of goats
may have contributed to declines (HD442); struggling native herds were supplemented
with transplanted goats (HD101 and also the Rattlesnake); bighorn sheep were
reintroduced on top of a small goat population and may have competed with goats
(HD332); habitat was limited where goats were introduced (HD331 and 340); a
population crashed possibly due to density-dependent factors and/or disease but has
subsequently recovered (HD313).

Q5. Inyour area of responsibility, why have licenses for native goats been reduced in
recent decades (check all that apply)? One response per biologist with responsibilities for
native herds.

Reduced licenses in response to observed declines in goat numbers based on monitoring
data (6)

Reduced licenses as precautionary action until more reliable population data are available
(4)

Reduced licenses in response to change in the objectives or science behind harvest
management (2)

Reduced licenses to maintain higher numbers for other users (e.g., non-consumptive
recreationists) (1)

Other (3) Please describe:

Note that for 2 biologists who indicated “Other,” licenses had not been reduced in recent

years, and in the third case, permits have been increased.
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CURRENT trends and limiting factors

Q6. How do you feel those same populations are doing now (i.e., 2010-present)? Some

biologists indicated more than one category for a HD.

Populations (HDs)
**You can provide separate answers for individual or groups of HDs, or
if answer is same across your area you can just put “ALL”

Increasing

Stable

Decreasing

Uncertain

100

X

101

131

132

133

134

140

141

142

150

151

212

213?

222

223

XIX|X|X|X| X | X|X|X|X|X|X|X

240

250

261

270

280

X | X | X|X|X

312

321

322

414

415

442

Great Burn

Rattlesnake

Sun River Preserve

NATIVE TOTAL

14

10
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Introduced Populations (HDs)

**You can provide separate answers for individual or groups of HDs, or | Increasing | Stable | Decreasing | Uncertain
if answer is same across your area you can just put “ALL”

313 X

314 X

316 X X

320 X
323 X

324 X

325 X

326 X
327/362 X

328 X

329 X

330 X

331 X

332 No goats

340 X

361 X

380 X

393 X

447 X X

453 X
460 X X

514 X

517 X

518 X

519 X

North Big Belts (no HD) X

INTRODUCED TOTAL 6 15 4 3

Goats in HDs with native populations are mostly decreasing in recent years (2011—

present) or their status is uncertain; whereas introduced populations are generally considered
stable with a few increasing and a few others decreasing.
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Q7. What are your thoughts as to the current and future threats to sustaining goat
numbers? Please numerically rank for each HD those that apply, with 1 being of highest
importance. Leave blank those that don’t apply. Compiled by hunting district as indicated by
biologists (including Big Burn, Rattlesnake, Sun River, and North Big Belts).

£
g 5 c 3 3 |8 |B
| gl g2 S e c 3 |2
Count of HDs per category and BE B%S g’, g é g g g & (27 S E
ranking 2E2c89sae 5 25t S S & |2
= c S| g Ol £/l 8 X © .= O < ] QL g L bt
@ S £S<=ECE G Q| 28098 o |87 = S
%) S | 5¥ 5olsagle R[NE2ER I8 O >
3] (2] === Ol 1 = [ o A — 9_) P <
% 3| S5E5c285z3 2 |BEs58 £ E2 £5z
O & ITESIS&ISo0s O 38=z¢ G HE 5O I
Ranked 1% (7 points) 2 |3 9 4 |1 119
Ranked 2™ (6 points) 2 129 3 18 3
Ranked 3" (5 points) 4 1 3 11| 9 2 1|2
@ Ranked 4" (4 points) 5 | 2 10 111 2 3
‘= |Ranked 5" (3 points) 2 111 1 9 1°
Z |Ranked 6™ (2 points) 2 1 1
Ranked 7" (1 point)
Count of HDs 10 | 14 | 14 | 13 | 18 | 21 4 | 20 | 16 4
Weighted score 50 | 66 | 74 | 81 | 101 | 95 20 1 91|99 | 15
Ranked 1% (7 points) 5132 4 3|1 1 1 2
Ranked 2" (6 points) 1|14 |45 1
Ranked 3" (5 points) 2 | 4|1 4 2
8 |Ranked 4™ (4 points) 301141
> .
g Ranked 5 (3 points) 1 1
£ [Ranked 6™ (2 points) 1
Ranked 7" (1 point) 1
Count of HDs 6 |13 11|11 |12 | 3 3 3 2
Weighted score 41 | 69 | 62 | 67 | 60 | 17 11 17 14
B Count of HDs 16 | 27 | 25|24 | 30 | 24 7 | 20 | 19 4 2
o
g Weighted score 91 | 135|136 147|161 | 112 31 | 91 116 15 14

a Other factors were ranked 4™ and described below in Q8 for native populations (HDs 312, 321)
b Other factors were ranked 5" and described below in Q8 for 1 native populations (HD 442)

The most commonly cited factors currently limiting goat numbers were habitat changes,
followed by harvest of female goats, total goat harvest, predation, and ORV/snowmobile
disturbance. But there were marked differences between perceived factors limiting native versus
introduced populations. For introduced populations, predation, harvest of females, total harvest,
and habitat changes ranked nearly equally as most important. For native goats, habitat changes
were most important, followed by ORV/snowmobile disturbance, small population risks, and
climate change concerns.
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Compared to historical limiting factors (Question 3), there was less uncertainty about
perceived limiting effects on populations. For introduced goat populations, effects of harvest
levels on populations (total and females), habitat changes, and predation remain high.

For native populations, there is a shift away from concerns about harvest levels, to how
impacts of habitat changes, ORV/snowmobile disturbance, climate change, and small population
risks are affecting populations. In part this is because harvest levels of native populations have
been slashed over the years (9 HDs with native goats are now closed to hunting). Only 38
permits were issued to hunt goats in the 26 HDs with native populations in 2015. Thus other
risks to population viability have replaced earlier concerns with harvest levels.

Q8. Please elaborate here on the limiting factors you marked in Q7. For example, if you
selected predators, disease, hunter harvest of females, or climate change, please explain.

Native Populations:

e Several biologists wrote that the concerns they identified in Question 7 were cumulative,
perpetuating suppression of goat numbers that may have begun prior to 2010.

e Where populations are now small and isolated, inbreeding depression is a concern.

e For several populations, habitat is limited. “Forest encroachment, due to fire suppression,
on some of these higher elevation ranges may be limiting available winter forage.” Also
noted were concerns that fire suppression has exacerbated forage competition with elk,
bighorns, moose, or deer populations in places.

e Concern was expressed that hunter harvest success and effort are not good measures of
how a herd is doing.

e Disease impacts (both introduced and native goat herds) are surmised, but not
documented. These concerns were expressed for HDs where bighorns have experienced
pneumonia die-offs, although the same has not been documented in goats. A disease die-
off is circumstantially implicated in HD313 in the past.

e Harvest of adult female goats (roughly 38% of the total harvest historically) is a concern
in some populations of native and introduced herds.

e Increased recreation (both motorized and non-motorized) are suspected of impacting
growth of goat populations. This could result from displacement and/or physiological
stress, but neither has been studied to confirm.

e Through changing plant phenology, dwindling snow in summer, and late-winter snow
events, climate change probably contributes to declining viability of some herds.

Introduced Populations:

e More concerns were expressed about predation on goats in introduced than native
populations, with lions stated to be of greatest concern. However, several biologists
noted that predation on goats was not well documented, or only suspected (in some
introduced and native HDs).

¢ In HDs in the Madison, Gallatin, and Crazy Mountains, harvest objectives and rates that
are higher than are sustainable in native herds are being monitored to insure overharvest
doesn’t occur.

e Concern expressed that for herds with limited habitat, insufficient harvest could lead to
overuse of available range. And transplanting bighorns into HD332 may have not only
disadvantaged a small goat population but contributed to an increase in lion predation on
goats.
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Harvest and Season-setting

Q9. What best describes your objectives when allocating mountain goat licenses (select
one)? One response per HD only for those HDs open to hunting now.

22 g 2E¢ 2

2 S8 $5S$0%aw f S

5858 2828 283 o

ST S E T E 2 gs39 |8

. : 8% g EGSES Sca 2

Native Popu!atlons (HDs) R 22535 o5& SE
**You can provide separate answers for 2 < 2 % 2 = E3 2920 _lz%
individual or groups of HDs, or if answer is S 52.= o85=% °S2eEs5N =3
same across your area you can just put “ALL” aEwE CcEEBa | as=0% Oo
100 X
101 X
131 X
132 X
133 X
134 X
140 X
141 X
142 X
150 X
151 X
212 No licenses
213 No licenses
222 No licenses
223 No licenses
240 X
250 No licenses
261 No licenses
270 No licenses
280 No licenses
312 X
321 No licenses
322 X
414 X
415 X
442 X
Great Burn (No HD) No licenses
Rattlesnake (No HD) No licenses
Sun River Preserve (No HD) No licenses
NATIVE TOTAL 16 1
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Introduced Populations (HDs)
**You can provide separate answers for
individual or groups of HDs, or if answer is
same across your area you can just put “ALL”

to allow opportunity

with minimal

impact
enough licenses to

of licenses that still
maintains current
limit or decrease
the current

sustainable number
population size

Provide
conservative
number of licenses
Provide
maximum
Provide
population size
Other (please
describe):

313

X

314 X

316 X

320 X

323 X

324 X

325 X

326 X

327 X

328 X

329 X

330 X

331 X

332 No licenses

340 No licenses

361 X

362 X

380 No licenses

393 X

447 X

453 X

460

514

517

518

X | X | X | X|X

519

North Big Belts (no HD) No licenses

INTRODUCED TOTAL 9 7 1 6

Biologists managing native HDs take an almost unanimously conservative approach to
harvest. For HDs with introduced goats, objectives are more varied with the “Other” responses
aimed at limiting population growth.
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Q10. Which of the following describes the quantity and quality of your goat survey and
inventory information with respect to making management decisions (select one)? One

response per biologist.

Somewhat

Somewhat

A adequate inadequate IEEEENEE
Native Populations (HDs) 2 4 4
Introduced Populations (HDs) 4 2
Pooled 6 6 4

These results suggest that more adequate survey data are collected in HDs with
introduced goats. This may be because most goat permits (84% in 2015) are issued in HDs with
introduced goats and therefore these goat populations are surveyed more often or thoroughly.

Q11. What information do you currently use to set annual goat harvest regulations?
Please numerically rank those that apply with 1 being of highest importance, leaving blank
those that don’t apply. Compiled by hunting district as indicated by biologists.

Sl Sles |- |s= | 5
2 5 S gt 5 58 g
Count of HDs per category and ranking | € | & & - Eg 5 |52 E 5 &
Ranked 1% (7 points) 1 3 2
Ranked 2™ (6 points) 1 1 1 3
Ranked 3" (5 points) 2 1 1 1
@ Ranked 4" (4 points) 2 1 1
‘= [Ranked 5" (3 points) 1 2 1
< RRanked 6% (2 points) 1 1
Ranked 7" (1 point) 1
Count of HDs 5 4 4 2 3 5 5
Weighted score 22 19 15 6 11 31 32
Ranked 1% (7 points) 2 6 1
Ranked 2™ (6 points) 1 2 5
Ranked 3" (5 points) 2 1 2 1 1
B Ranked 4™ (4 points) 1 3 218 4
'§ Ranked 5" (3 points) 1 3 2
£ [Ranked 6" (2 points) 1 1 1 2
Ranked 7" (1 point) 1 1
Count of HDs 7 6 4 6 5 8 10 1
\Weighted score 33 25 11 20 15 54 51 7
g [Count of HDs 12 10 8 8 8 13 15 1
o
g \Weighted score 55 44 26 26 26 85 83 7
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Survey minimum counts and survey recruitment ratios are the two types of data on which
biologists place the greatest reliance in setting harvest regulations. This is true for both native
and introduced populations. This emphasizes the importance of obtaining reliable population
survey data.

The next two factors most relied on to set regulations were FWP harvest data (number of
animals harvested relative to number of permits issued) and hunter effort data (number of
days/animal harvested). With mandatory reporting of mountain goat Kills, these may be the most
consistently available data at biologists’ disposal.

Q12. If better or more frequent survey data would help you set harvest quotas, what
factors are most limiting to survey efforts (e.g., funding, time, aircraft availability, weather,
other logistics, etc...)? Compiled by responses from each biologist (multiple factors listed by
biologists are included).

The factors most frequently reported were:

Aircraft/pilot availability (11)

Weather (11)

Funding (10)

Time (6)

Sightability Correction Model needed (1)

Cooperation with Idaho on the border goat herd in HD322 (1)
Several biologists listed all of the top 4 factors in their responses.

Q13. Have any of your proposed quotas for other species, such as mountain lions, been
affected by numbers or recruitment ratios of overlapping mountain goat populations? If so,
please explain. One response per biologist.

Yes No
Native populations 9
Introduced populations 1 7
Pooled 1 16
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Q14. Based on your conversations with hunters, what % of hunters in your area take into
consideration the animal’s sex (i.e., deliberately target males) when choosing to harvest a
given mountain goat (circle one)? One response per biologist for those with licensed HDs.

0 10 20 30 40 50 60 70 80 90 | 100 | Uncertain

1 2 5 2 1 2 2

The weighted average of the responses was 55%.

Q15. Based on your conversations with hunters, what % of hunters in your area would
you expect correctly identify the animal’s sex when choosing to harvest a given mountain
goat (circle one)? One response per biologist for those with licensed HDs.

0 10 20 30 40 50 60 70 80 90 | 100 | Uncertain

1 2 6 1 1 2 2

The weighted average of the responses was 52%. This suggests that half of permittees
are as likely to kill a nanny as a billy, all other factors being equal (goat population
demographics, sex-biased distribution, etc.).

Q16. Is the educational information provided to license-holders sufficient for hunters to
make informed decisions about the age and sex of the animals they choose to harvest? If
not, what more could be done? One response per biologist for those with licensed HDs.

[ 3]Yes

[ 6 ]No

[ 6 ] Uncertain

Comments offered:
e Work with other states to improve educational materials (3)
Use Alaska education information or something similar (2)
FWP used to send out informational letters (1)
Mandate billy only seasons (1)
Send hunters the brochure developed by Gayle Joslin (1)
Hunters could be required to take in-person mandatory training (1)
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Population surveys

Q17. What survey methodology do you use to assess mountain goat population size and

trend? Please check all that apply. Compiled by responses from each biologist.

Methodology Season Erequency

Populations
(HDs) .

Fixed- | Heli- Winter/l 1 Aug-| Early SUEY B

- Ground| Early Annual | other few | Rarely | Never

wing | copter Sori Aug | Sept| Fall

pring year years

Fixed-wing 6 1 3 1 1
Helicopter 20 6 4 5 5 4 1
Ground 8 1 7 3 2 2

Some respondents indicated they use multiple survey methods at differing times of the year.

Q18. Do you feel it is important that FWP monitors mountain goats using similar methods
across regions of the state (e.g., timing and frequency of surveys, choice of aircraft, etc.)?
One response per biologist.

Yes

No

Uncertain

2

14

2

Q19. Do you see a difference between native vs. introduced goat populations in terms of

general health or productivity/recruitment? If so, please describe. One response per

biologist.

Yes

No

5

Several biologists noted they did not have enough information to answer this question or
that they only had either native or introduced goats in their area of responsibility and therefore
could not judge. Several others did not respond.

Comment: “We have a health baseline for the Crazies. Maybe it would be prudent to do
some health captures in other areas to compare, or at a minimum, get a hunter sampling protocol
going similar to bighorns.”
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Habitat Considerations

Q20. What habitat management programs would promote mountain goat conservation
and hunter opportunity in your area of responsibility? Please numerically rank those that
apply for each population or group of populations with 1 being of highest importance. One
response per biologist.

@ < ~

“ S| £ —~ £ 3

= | & 2 8 82 % & 5

7] S o 5]

Countof HDspercategory 2. 3 %5 §, §2| § . 28 =

and ranking £g a8l 5 g |88 2|25 <cE i

S8 | @5 % 8 Sseo & 2BE 25 |E =

Tolec= |29 E |E5| € |89 Q5 = =

e= 8328 |85 285 <££ =z (€

1+ 3 o

2ESE 33 2 && o 5§ 22 |5 |5
Ranked 1° (3 points) 3 5 1 1 3 1 4
Ranked 2" (2 points) 1 1 1 2 1
Ranked 3" (1 point) 1 1
Count 3 5 2 1 2 4 3 6
Weighted score 9 15 5 1 5 11 5 15

There was little consensus about which, if any, habitat management programs would
benefit goat conservation or increase hunter opportunity. The three recreational management
categories had a combined weighted score (21) larger than any other category.

Q21. Have you completed any habitat-related projects alone or with federal or other land
managers related to the subjects in Question 20 that were geared to improve mountain goat
habitat or conservation? Please explain, listing HDs for which the projects were
completed. One response per biologist.

Yes No

1 16

Comments offered:
e Would like to support more burning on USFS lands
e Have worked with BLM and USFS to remedy conifer encroachment but no projects yet
e Yes response is for comments on USFS motorized travel restrictions in goat habitat
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Research & Management Needs

Q22. Is there a pressing need for translocation of mountain goats into a portion(s) of your
area to sustain native and/or introduced populations? If so, would this be to reintroduce
an extirpated population or augment an extant population? Please explain. One response

per biologist.

Yes No
Native 2 4
Introduced 3 7
Pooled 5 11

Introductions need to be carefully evaluated on an area-by-area (herd-by-herd) basis, as

indicated by the comments below.

Comments offered:
Native Herds:

Need better population data to determine any needs for augmentation. (2)

We would need to first understand what is driving population declines and get a better
idea of the actual number of goats in the area. If it is disease or habitat driven, then why
dump more goats into areas? (2)

Yes, HD240 and possibly 250 to augment struggling populations.

Yes, for augmentation in 212, and 222-223. However, the disease issue (bighorn
pneumonia) is a huge unknown.

Introduced Herds:

Yes, HD380 and North Big Belts: To augment small, extant populations.

Yes, Boulder Baldy area and Big Baldy area of Little Belts

Yes, Highwoods and Square Butte to improve genetic diversity of isolated populations.
No, all habitat is occupied and goats are self-sustaining.

Q23. What are the most urgent research needs that would help you manage mountain
goats in your area of responsibility?

Habitat condition and use and carrying capacity (9)

Population demographics: productivity, recruitment, kid survival, and adult survival (7)
Causes of mortality (5)

Animal health (3)

Sightability correction model for survey data (2)

Improved survey methodology (2)

Effects of recreation on populations (1)

Effects of climate change on populations (1)

Better information on dispersal of introduced herds (1)

Impacts on populations of female harvest (1)

Competition and disease transmission of sympatric bighorns and goats (1)

Do we know if population augmentation can overcome small population effects? (1)
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Q24. What are the most urgent management or monitoring needs that would help you
manage mountain goats in your area of responsibility?

Better/more frequent monitoring of populations (10)

Sightability correction model and improved, standardized survey methodology (5)
Monitoring of health (2)

Coordinated and cooperative management with Idaho of boundary herds (1)

Field work to determine movements of goats between adjacent HDs (1)

More time to devote to learning about goats to improve management (1)
Transplant augmentation (1)

Continue to collect harvest data and ages of harvested goats (1)

Q25. What other topics of relevance did we miss with these questions?

Focus on predation of goats (1)

Potential effects of goats on bighorns in the GYE, i.e. Bob Garrott’s research (1)

More FWP effort should be shifted to species that may be at risk, like goats (1)

Need extended field studies of small goat populations to develop an understanding of
how remnant native populations survive. This could help develop bigger research
questions and conservation priorities. Need more first-hand familiarity via field studies
(e.g. grad students) (1)
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Kylie Paul Environmental Consulting

4/28/17

POTENTIAL CONFLICTS BETWEEN WILDLIFE AND OVER-SNOW RECREATION IN

THE SCOTCHMAN PEAKS/SAVAGE PEAK AREA

SUMMARY

The Scotchman Peaks, including Savage Peak and Savage Basin, contain valuable winter range habitat for
mountain goats and important habitat for other species such as wolverines, grizzly bears, and Canada lynx.
Winter is a difficult time for wildlife survival, with marginal food resources and higher physiological stress.
For mountain goats in particular, winter range is a highly restricted and thus critical area for them, as they
require both protection from predators and proximity to limited food sources in mountainous areas. In
addition to these wintery challenges, mountain goats are also highly sensitive to human disturbances such as
snowmobiles. Their responses to disturbance can change mountain goat population dynamics. Restricting
motorized recreational use from mountain goat winter range helps minimize impacts during this difficult
season.

Land and wildlife management agencies (Montana Fish Wildlife & Parks and United States Forest Service)
have been concerned about snowmobiling in mountain goat habitat in the Scotchman Peaks area, particularly
into Savage Peak/Mountain region for many years. Those agencies support the continuation of non-
motorized activities and wilderness designation in the Scotchman Peaks and Savage Peak area. Preserving the
year-round closure to motorized activity across the Scotchman Peaks including the Savage Peak area,
regardless of wilderness designation, will continue to protect the wildlife and wildlife habitat in this unique
setting.

THE SCOTCHMAN PEAKS CONTAIN HIGH-QUALITY WILDLIFE VALUES

The Scotchman Peaks Recommended Wilderness Area (Scotchman Peaks) is within the Cabinet Mountains on
the border of Montana and Idaho. The Scotchman Peaks sit within both the Kootenai National Forest and the
Idaho Panhandle National Forest. Savage Peak (also known as Savage Mountain) and Savage Basin, the basin
northeast of Savage Peak, is an important area within the Scotchman Peaks on the Montana side in the
Kootenai National Forest. This area contains valuable habitat and supports a variety of important wildlife
species such as mountain goats, wolverine, and grizzly bears.

MOUNTAIN GOAT HABITAT IN THE SCOTCHMAN PEAKS

Mountain goats are native to most of the mountain ranges of western Montana (Rideout 1977). They occupy
the highest, coldest, most rugged regions of any ungulate in North America (Chadwick 1983). Mountain goats
display seasonal altitudinal migrations over short distances (White 2006; Rice 2008), with all mountain goat
habitat generally characterized as areas close to escape terrain (steep slopes, usually 240°) such as cliffs and
away from valleys (Festa-Bianchet and Coté 2008; Shafer et al. 2012). Mountain goats thus are limited to
relatively small areas of suitable habitat (Canfield et al. 1999).

Winter is an important season for mountain goats and is characterized by high juvenile mortality (Poole et al.
2009) and restricted, shorter movements (Chadwick 1983; White 2006) that are influenced by snow depth
and snowpack (Richard et al. 2014). Winter range is considered critical habitat for mountain goats (C6té and
Festa-Bianchet 2003), and their winter ranges are much smaller than summer ranges, ranging from 2%-50%
of the size of summer ranges (Taylor et al. 2006; Poole et al. 2009).



Generally, mountain goats winter range occurs in rugged habitat at upper mid-elevations and on warmer
aspects, close to escape terrain (Poole et al. 2009). They spend most their time near escape terrain to avoid
and escape predation (Chadwick 1983; Gross et al. 2002; Hamel and C6té 2007; Poole et al. 2009) and for
shelter from harsh weather (von Elsner-Schack 1986). They also require easy access to summer range and
kidding areas. As early as late April, nannies select the most isolated and forbidding terrain to give birth
(MFWP 2016).

There are some winter habitat use differences between populations in western North America, with two
wintering strategies that occur: (1) populations from interior regions (e.g., the Rockies) spend winter above
treeline on windswept ridges and ledges found in steep rugged terrain (Hebert and Turnbull 1977; C6té and
Festa-Bianchet 2003; Poole et al. 2009), while (2) coastal populations living in areas of greater snowfall
migrate downhill to spend winters in low-elevation forested areas (Hebert and Turnbull 1977; Poole and
Heard 2003; Taylor et al. 2006; Poole et al. 2009). There also appear to be different strategies to avoid deep
snow within the populations of the interior mountainous regions, with animals wintering either: (1) on high-
elevation wind-swept slopes or (2) inhabiting rocky bluffs at treeline in areas of higher snowfall where wind-
swept slopes are unavailable (Hebert and Turnbull 1977; Rideout 1977; Chadwick 1983; Poole and Heard
2003). There are also differences of fine-scale habitat use in the winter depending on sex and individual, with
some level of differing habitat preferences between the sexes (Festa-Bianchet and Coté 2008; Shafer et al.
2012) and with differences in movement patterns accounting for differences in home range sizes among
individuals (Poole and Heard 2003).

Throughout the entire Kootenai National Forest, only the West Cabinet and Cabinet Mountains, within which
the Scotchman Peaks is situated, offer mountain goat habitat (KNF 2015a). The Scotchman Peaks, including
Savage Peak, contain high-quality mountain goat winter range (Figure 1) and have long had a population of
mountain goats (Joslin 1980). Savage Peak and surrounding smaller summits are characterized by very steep
slopes with cliffs, offering escape terrain. The Savage Peak area contains both important winter range and
summer transitional range, between and within which mountain goats need to move easily to prosper (Joslin
1980; Joslin, G. personal communication, April 6, 2017).
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Figure 1 Mountain goat general range and winter range in Montana. Star is Savage Peak area. Data available at
Montana Field Guide.

POPULATION AND STATUS OF MOUNTAIN GOAT IN MONTANA

Mountain goats are currently ranked as a Montana Species Ranking Code S4, so they are considered
“apparently secure, though it may be quite rare in parts of its range, and/or suspected to be declining.”!
Similarly to other nearby regions such as Alberta, the overall population declined in the past and now
contains some smaller populations that are stable, some that are increasing, and others that are continuing to
decline (Gonzalez-Voyer et al. 2003; Koeth 2008).

Montana Fish Wildlife & Parks has documented mountain goats in the Scotchman Peaks area for decades
(MFWP 2016). Goat numbers peaked in the late 1930s at 110 animals and steadily declined to 20-25 goats in
the 1970s (Burleigh 1978). In the late 1970s, due to concerns over these decreasing mountain goat numbers,
Montana Fish Wildlife & Parks closed goat hunting in mountain goat Hunting District 101, which includes the
Scotchman Peaks. Montana Fish Wildlife & Parks and the Kootenai National Forest then performed research
that led to the development of a goat management plan, a joint memorandum of understanding, and a
population augmentation project for mountain goats (Joslin 1980). Montana Fish Wildlife & Parks slowly
reinstated harvest in the late 1980s, but because mountain goat numbers did not increase to the degree
expected and because of concerns over decreasing goat numbers in this area and across their range, the
agency again reduced goat harvest quotas in mountain goat Hunting District 101 in 2010 (MFWP 2016).
Currently, Montana Fish Wildlife & Parks continues to monitor goat numbers and other game species using
aerial surveys and hunter harvest information.

GRIZZLY BEAR HABITAT IN THE SCOTCHMAN PEAKS

Grizzly bears are listed as a threatened species under the Endangered Species Act. Grizzly bear distribution
has been reduced to five areas in the western United States, and there are six individual recovery zones
delineated in the lower-48 states to include “adequate space and suitable habitat for securing and restoring
viable self-sustaining grizzly bear populations in perpetuity” (USFWS 1993). These six recovery zones include
the Greater Yellowstone, Northern Continental Divide, Cabinet-Yaak, North Cascades, Selkirk, and Selway-
Bitterroot grizzly bear ecosystem.

The Cabinet-Yaak Recovery Zone includes the Scotchman Peaks, which contain core grizzly habitat (Figure
2)(Proctor et al. 2015). The grizzly bear population in the Cabinet-Yaak Recovery Zone was estimated at 48-
50 bears in 2012, with 22-24 of those occurring in the Cabinets area (including Scotchman Peaks) (Kendall et
al. 2016). To improve genetic diversity and increase the population, population augmentation has been
successfully accomplished on several occasions in the Cabinet Mountains since 1979, with the most recent
grizzly bear released in 2016 at Spar Lake, near the Savage Peak area (IGBC 2016). Given its small population
size and the slow reproductive rate of the species, the Cabinet-Yaak population is highly sensitive to mortality
and disturbance.

1 Montana Fish Wildlife & Parks. Montana Field Guide: Mountain Goat.
http://fieldguide.mt.gov/speciesDetail.aspx?elcode=AMALE02010
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Figure 2. Grizzly bear core habitat in the Scotchman Peaks area. Data from Proctor et al. 2015 on Databasin.

WOLVERINE HABITAT IN THE SCOTCHMAN PEAKS

Wolverines are again under consideration for listing under the Endangered Species Act. Population number

and trend in the contiguous United States are unknown, though the population is generally estimated at 250-
300 individuals (USFWS 2013).

Wolverines in the northern Rockies live primarily in high-elevation environments that maintain colder
temperatures and reduce competition with other carnivores (Copeland et al. 2010; McKelvey et al. 2011;
Inman et al. 2013). The Scotchman Peaks contain both primary and maternal wolverine habitat, with the

Savage Peak area containing maternal denning habitat, the most limiting and thus valuable habitat type for
wolverines (Figure 3).
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Figure 3. Wolverine primary habitat, maternal habitat, and dispersal habitat in the Scotchman Peaks area.
Data from Inman et al. 2013 available on Databasin.org. Primary wolverine habitat is defined as the area
within the climactic limits of wolverines that resident adult wolverines are expected to occupy, and maternal
habitat is defined as areas that contain attributes consistent with those measured around the known
wolverine dens used in the Inman et al. (2013) study.

CANADA LYNX HABITAT IN THE SCOTCHMAN PEAKS

Canada lynx are listed as threatened under the Endangered Species Act. Population number and trend in the
contiguous United States are unknown.

Lynx habitat is characterized by moist boreal forests that have cold, snowy winters and a high-density
snowshoe hare prey base (Interagency Lynx Biology Team 2013). The range of lynx in the West has
diminished over the last century, suggesting that lynx may be negatively impacted by human activities
(Koehler and Aubry 1994).

The Kootenai National Forest is home to one of just a few known resident lynx populations in the lower 48
states. Critical habitat has been designated within the Kootenai National Forest, and the Forest is designated
“occupied lynx habitat” (Figure 4). The entire Kootenai National Forest is in “core area” as described in the
Lynx Recovery Outline (USFWS 2005). The Scotchman Peaks are considered occupied and core habitat,
though they are not included within Critical Habitat.



Northern Rockies
Lynx Planning
Area

Occupied and Unoccupied
Lynx habitat

Lynx Habitat
@ Core'
<> Secondary'

> Peripheral'

Lewis & Unoccupied habitat®
b lark @ Occupied habitat*
a8
= < | e Linkage Areas” iz
O National Forest lands

in this planning area

<> National Forest lands not
in this planning area

Highways

Figure 4 Canada lynx habitat in the Northern Rockies, including Kootenai National Forest and Scotchman
Peaks area. Star is Savage Peak area. Map from USFS at
www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5446686.pdf

WILDLIFE ARE IMPACTED BY SNOWMOBILES

Motorized winter backcountry recreation is one of the fastest growing recreational activities in the United
States (Cook and O’Laughlin 2008). In 1982-83, government surveys put the number of snowmobile
participants in the United States at 5.3 million (Cordell et al. 1999). The most recent survey, conducted in
2010, estimates that in the United States, 10.7 million people now snowmobile annually (Cordell 2012). Due
to advanced technology with more powerful machines, snowmobiles and new “snow bikes” (modified
motorcycles with tracks instead of wheels) are now better a