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Cover. Group of pronghorn make their annual spring migration down the Gros Ventre River drainage
to their summer range in Grand Teton National Park. [Photograph from Mark Gocke, Wyoming Game
and Fish Department]
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Abstract

Ungulates (hooved mammals) have a broad distribution
across the western United States and play an important role in
maintaining predator-prey dynamics, affecting vegetation com-
munities, and providing economic benefits to regional com-
munities through tourism and hunting. Throughout the diverse
landscapes they occupy, many ungulate populations undertake
seasonal migrations to exploit spatially and temporally variable
resources and to avoid predation or other threats. As the human
footprint continues to expand across the western United States,
ungulates increasingly face more obstacles on their migratory
journeys. These obstacles threaten the long-term persistence of
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existing migrations. As a result, wildlife management agencies
across the western United States have worked to identify and
protect (or enhance) ungulate migration corridors and seasonal
ranges identified from global positioning system (GPS) collar
data. These efforts garnered additional support through the U.S.
Department of the Interior Secretarial Order (SO) 3362, which
was initiated in 2018 and provided Federal support for enhanc-
ing habitat quality of big-game winter ranges and migration
corridors across the western states.

Further, SO 3362 prompted the U.S. Geological Survey
(USGS) to establish the Corridor Mapping Team (CMT):
a collaboration between USGS and participating State and
Federal wildlife management agencies, as well as numerous
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Tribal Nations. The CMT works collaboratively to map
ungulate migrations and seasonal ranges throughout the
western United States within the Ungulate Migrations of the
Western United States report series. Volume 1 of the series
was published in 2020 and contained migrations and winter
ranges from 42 herds across 5 states. Volume 2 was published
in 2022 and contained migrations and seasonal ranges from an
additional 65 herds. This report, Volume 3 in the series, details
migrations and seasonal ranges from an additional 45 herds
throughout most western states. In aggregate, the report series
has detailed and mapped the migrations and seasonal ranges
of 152 ungulate herds and serves as a map-based inventory of
the documented ungulate migrations across the western United
States. The data layers for most of the herds included in the
report series are also available to the public by the USGS. In
addition to the included herd maps, this volume provides an
overview of the many ways the mapping efforts associated
with the CMT are being integrated into local conservation,
management, and policy throughout the western United States.

Introduction

Ungulates (hooved mammals) have a broad distribu-
tion across the western United States, influencing vegetation
communities (Hobbs, 1996; Frank and Evans, 1997) and
predator-prey dynamics, in addition to providing economic
benefits to regional communities through tourism and hunting
(Duffield and Holliman, 1988). Ungulates also hold cultural
significance for many Tribal communities. Many ungulate
populations undertake seasonal migrations, traversing diverse
landscapes (Kauffman and others, 2021b, 2022a). During the
last 20 years, global positioning system (GPS) collars have
allowed researchers and managers to document migration
corridors as well as the summer and winter seasonal ranges
the corridors connect. Migratory behaviors of ungulates are
diverse and span a continuum from fully resident to fully
migratory populations (Cagnacci and others, 2011). Behaviors
can also vary among individuals within a population, thus
further diversifying migratory portfolios (Chapman and others,
2011; Lowrey and others, 2020). For example, a single herd
may contain resident individuals, as well as short-distance
migrants (in other words, less than 3 miles [mi]; 5 kilometers
[km]) traversing elevational gradients, and long-distance
migrants traveling more than 100 mi (160 km) through topo-
graphically complex landscapes (Sawyer and others, 2016).
On the landscapes where they occur, migrations are increas-
ingly considered a critical behavior to enhance ungulate forag-
ing opportunities and avoid deep snow (Kauffman and others,
2021a). Migratory behavior allows animals to access forage at
peak phenology (Aikens and others, 2017; Merkle and others,
2016), which often carries nutritional benefits and increases
individual fitness (Middleton and others, 2018). Globally,
migrations allow populations to exploit spatially and tempo-
rally variable resources (Nandintsetseg and others, 2019) and
to avoid predation or other threats (Fryxell and Sinclair, 1988).

In the western United States, species such as Odocoileus
hemionus (mule deer), Cervus canadensis (elk), Antilocapra
americana (pronghorn), Alces alces (moose), Ovis canadensis
(bighorn sheep), and Bison bison (bison) all migrate in some
parts of their range (Kauffman and others, 2020a, 2022a). But,
as the human footprint in the western United States continues
to expand, the migratory journeys of ungulates are becoming
increasingly difficult, threatening the long-term persistence
of existing migrations (Sawyer and others, 2013). Traffic
levels on roadways are increasing, causing direct mortal-
ity and severing migration corridors (Kauffman and others,
2018). Fences, which are common on western landscapes,
also alter animal movements and cause direct mortality (Jakes
and others, 2018). Many of the landscapes that migrating
ungulates traverse are fragmented by roads, well pads, and
other infrastructure associated with oil and gas (Sawyer and
others, 2013), wind (Milligan and others, 2021), and solar
energy development (Sawyer and others, 2022). Perhaps most
importantly, the vast landscapes that many migrations require
are dominated by private lands, which, if developed, would
represent a permanent loss of habitat and landscape connec-
tivity. Although various forms of development can reduce
the functionality of corridors (Wyckoff and others, 2018), the
amount of development that populations can tolerate before
migratory use declines is rarely known (Sawyer and others,
2020). Complicating this further is that species may have dif-
ferent levels of tolerance (Lambert and others, 2022).

Because of these challenges, wildlife management agen-
cies across the western United States have worked to identify
and protect ungulate migration corridors and seasonal ranges
identified from GPS collar data. On-the-ground conserva-
tion projects garnered additional support through the U.S.
Department of the Interior (DOI) Secretarial Order (SO) 3362,
which was initiated in 2018 and provides Federal support
for enhancing habitat quality of big-game winter ranges and
migration corridors across the western states (U.S. Department
of the Interior, 2018). In SO 3362, the U.S. Geological Survey
(USGS) was charged to assist western states in mapping
migration corridors, which the USGS has done by organizing
a Corridor Mapping Team (CMT). The CMT is a collabora-
tion between the USGS and participating western states, which
have leveraged existing State, Tribal, and Federal expertise to
design and implement a unified mapping effort.

Since its inception in 2018, the CMT has expanded
to include participation from all 11 western State wildlife
management agencies as well as from multiple Tribal and
Federal agencies, which collaboratively publish annual reports
containing new mapped herds within a multivolume series.
Volume 1 was published in 2020 and contained migrations
and winter ranges from 42 herds across five states (Kauffman
and others, 2020a, 2020b). Volume 2 was published in spring
2022 and contained migrations and seasonal ranges from an
additional 65 herds (Kauffman and others, 2022a, 2022b). This
report, Volume 3 in the series, details migrations and seasonal
ranges from an additional 45 herds across most western states.
In aggregate, the report series has detailed and mapped the



migrations and seasonal ranges of 152 ungulate herds and
serves as a map-based inventory of the migrations documented
thus far across the western United States. The map files for
many of the herds included in the report series are also avail-
able publicly (Kauffman and others, 2020b, 2022b, 2022c).

The primary motivation for mapping ungulate corridors
and seasonal ranges of the western United States is to facilitate
the long-term functionality of migrations through management
and conservation. Numerous case studies have shown how
detailed mapping of a migration corridor can help pinpoint
threats and conservation opportunities (Kauffman and oth-
ers, 2018). Likewise, it is exceedingly difficult to strategically
manage or advance proactive policy measures for unknown (in
other words, unmapped) corridors. As the CMT continues to
map ungulate migrations, there has been a congruent expan-
sion of the integration of detailed migration maps and spatial
layers into regional management, conservation, and policy.
Migration maps can serve as a powerful platform for col-
laboration among partners to conserve and enhance big-game
migratory habitats (Middleton and others, 2020), which can
include land-use planning and authorization of development
projects. The examples of implementation are diverse across
the western states. While some states are beginning to map
migrations for the first time using GPS collars, others are
expanding on a long history of collaring ungulates. These
established collaring programs, with full-time staff positions
focused on animal movement, are beginning to inform State
and Tribal policies or conservation actions with the aim of
conserving migration corridors and seasonal ranges.

Herein, we describe a variety of conservation actions that
have been guided by migration mapping and implemented by
State and Tribal wildlife management agencies, Federal land
management agencies, and other conservation groups. While
they are by no means a complete inventory of projects across
the western United States, the conservation efforts outlined
below provide an overview of the science-based management
facilitated by detailed migration mapping. Ultimately, strategic
implementation of projects like those we describe below will
be necessary to maintain the functionality and persistence of
the region’s ungulate migration corridors.

Roads as Obstacles to Migration

Roads, especially those with high traffic volumes, have
both direct and indirect effects on migrating wildlife. Wildlife-
vehicle collisions (WVC) along roads are a direct cause of
mortality (Riginos and others, 2022), but busy roadways can
also restrict wildlife movement when they become too difficult
to cross (Kauffman and others, 2018; Robb and others, 2022).
Simply plotting migration routes or corridors, along with the
locations of WVC, helps identify important road crossings.
Using detailed movement data to guide how best to mitigate
these effects has become a common practice across western
states (Coe and others, 2015).

Introduction 3

Examples of combining GPS collar data with WVC
hotspots for effective WVC mitigation come from Colorado.
Between 2004 and 2010, the Southern Ute Indian Tribe and
Colorado Parks and Wildlife (CPW) partnered to collar mule
deer in the southern San Juan Mountains east of Bayfield in
southwestern Colorado. The impetus for the effort was to
evaluate potential effects from a proposed energy develop-
ment on critical mule deer winter range on U.S. Department
of Agriculture Forest Service (FS) lands within the Southern
Ute Indian Reservation. While the energy development
ultimately never happened at the expected intensity, the GPS
collar data from that effort proved useful. In particular, the
Southern Ute Indian Tribe’s early efforts at modeling mule
deer migration routes illustrated how WV C data could be
matched to where migrating deer crossed U.S. Highway 160
west of Pagosa Springs. This was the first time that migration
data were connected to WVC hotspots along U.S. Highway
160. After several years of effort and planning, the Southern
Ute Indian Tribe and CPW, with further support from the
Colorado Wildlife and Transportation Alliance, partnered with
the Colorado Department of Transportation to fund the project.
The result was a 2-mi (3-km) project that consisted of a large
wildlife underpass and an overpass connected by wildlife
exclusion fencing. The underpass was finished in 2021 and
the overpass, the first constructed in the southwestern part of
Colorado, will be completed in 2022.

Colorado has also been active in broader efforts, includ-
ing the West Slope Wildlife Prioritization Study and the East
Slope and Plains Wildlife Prioritization Study (Kintsch and
others, 2019), which emerged out of a collaboration between
the Colorado Department of Transportation and CPW. The
studies sought to identify wildlife/highway conflict areas
where targeted mitigation could have the greatest impact on
reducing WVC. To meet this objective, the studies identi-
fied, mapped, and prioritized highway segments based on the
risk of WVC and the need for ungulates to cross highways,
particularly during migration or within the animals’ winter
range. As part of the project, Brownian bridge movement
models (BBMM) were generated for all CPW ungulate GPS
data. Briefly, BBMM estimate an animal’s distribution or
where an animal could have traveled across a landscape given
the sequence of GPS locations (Horne and others, 2007; see
appendix 1 for more details). The prioritization results and
mitigation recommendations for high-priority segments in
each region have been integrated into a decision-support
framework, which includes a cost-benefit analysis to inform
the siting, design, and construction of effective wildlife and
highway mitigation projects across the state.
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[Photograph from Sara Holm, California Department of
Fish and Wildlife]

Sidebar 1. Corridor Mapping of the Pequop Mule
Deer Herd in Nevada

Wildlife safety crossings have been used in Nevada to reduce WVC and
increase the connectivity of wildlife movements in fragmented landscapes since
the early 1980s. A more concerted planning effort began in 2008 to minimize or
eliminate WVC in areas of known hot spots in Elko County, Nevada. The first
dedicated crossing structures (two overpasses and three underpasses) for wildlife
were constructed on U.S. Highway 93, just north of Wells, Nevada (HD Summit,
10 Mile Summit, fig. 1), in 2010. The Nevada Department of Wildlife (NDOW)
collaborated with the Nevada Department of Transportation (NDOT) to collect
initial baseline data, including GPS collar data from eight individuals, highway
crash data from a comprehensive assessment of WVC, and carcass counts col-
lected by road maintenance crews (fig. 1A—C). Upon completion of the cross-
ing structures, both agencies collaborated with researchers at the University
of Nevada-Reno to document more than 34,500 mule deer using one of the
structures in the first four years alone (Simpson and others, 2016), averaging
close to 4,300 individuals per migration. Mule deer used the overpasses more
frequently and were repelled less frequently when compared to the underpasses
(Simpson and others, 2016). Of the 34,500 crossings, approximately 82 percent
crossed an overpass and 18 percent crossed through an underpass (Simpson and
others, 2016). Since 2010, WV C research has continued, and mule deer GPS
collar deployments were increased to better understand fine-scale movements of
migration corridors and ungulate use of existing crossing structures (Blum and
Stewart, 2014). So far, NDOW has collared approximately 86 mule deer from
2015 to 2019 to further analyze movements and corridor use (Kauffman and
others, 2020a).

Upon completion of the HD Summit and 10 Mile Summit projects on
U.S. Highway 93, NDOT installed an additional overpass structure in 2013
that spanned Interstate 80 near Silver Zone Pass just west of West Wendover,
Nevada. The placement of this structure was largely informed by analyzing
WVC and carcass reports involving mule deer by the NDOT. In 2021, NDOW
and NDOT began using GPS collar data to assess the use of mule deer on this
wildlife-crossing structure, and data continue to be analyzed to inform future
management (Nevada Department of Wildlife, 2021).

In 2015, planning efforts began to construct two additional wildlife
overpasses and modify four existing underpasses on Interstate 80,
approximately 18 mi (29 km) east of Wells, Nevada. Data from GPS collars,
analyzed using BBMM (Sawyer and others, 2009), helped inform the high-
use migration corridor that intersected the Pequop Summit area. Additionally,
NDOT crash data indicated approximately 60—80 mule deer were hit
annually, further reinforcing the siting of the structures. The Pequop Summit
crossing structures were completed in October 2018.

Upon total completion of these projects on U.S. Highway 93 and
Interstate 80, it is estimated that W\ C will have been reduced by 90 percent
within the migration corridor. In summary, the collaboration and communication
between multiple agencies and stakeholders was necessary to initiate data collec-
tion and planning of these important crossing structures for wildlife. Funding for
the projects was obtained from a variety of sources including Federal highway
funds, Nevada State road improvement funds, and Pittman-Robertson Act
funds from the U.S. Fish and Wildlife Service. The success of this project will
ultimately provide increased safety for motorists and increased connectivity for a
variety of wildlife species that use these structures.
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The Navajo Nation Department of Fish and Wildlife,
jointly with the Navajo Department of Transportation, New
Mexico Department of Transportation, and Arizona Department
of Transportation, plan to acquire several unique message
boards in an attempt to mitigate vehicular collisions with mule
deer. The message boards will be installed along two separate
stretches of Indian Route 12 along the Arizona and New Mexico
borders that intersect critical, high-use migration corridors
used by mule deer in the Ram Pasture and Canyon de Chelly
herds. These herds migrate from lower elevation winter range to
high-elevation summer range on the Navajo Nation Tribal lands
(see the “Ram Pasture Mule Deer” and “Canyon de Chelly
Mule Deer” sections of this report). The message boards will be
deployed for 1-2 months during the spring and fall migration
to help alert drivers to seasonal movements of mule deer and
reduce the number of potentially fatal vehicular collisions.

The ldaho Transportation Department and Idaho Depart-
ment of Fish and Game (IDFG) are collaborating to design
wildlife crossing structures south of Montpelier at Rocky
Point on U.S. Highway 30. Approximately 6,000 mule deer
cross U.S. Highway 30 as they migrate between their sum-
mer range in the Caribou Range and the winter range on the
Bear Lake Plateau. Up to 100 WV/C are reported each year on
a 20-mi (32-km) section of U.S. Highway 30; approximately
70 percent of these WV C occur on the 4-mi (6-km) stretch
at Rocky Point. Acquiring GPS collar data and developing a
standard migration map of the Bear Lake Plateau mule deer
have been essential in project development. Collaring efforts
have also helped strategically identify and acquire IDFG con-
servation easements on private lands necessary for the project.
The Idaho Transportation Department plans to initiate project
construction in 2025 (Idaho Transportation Department, 2022).

In California, GPS collar data shared between the
California Department of Fish and Wildlife (CDFW) and the
California Department of Transportation (CalTrans) have been
instrumental for increasing ungulate connectivity and mitigat-
ing WVC. For example, using migration corridor analyses
from the Downieville-Nevada City mule deer herd (see the
“Downieville-Nevada City Mule Deer” section of this report),
CalTrans planned, designed, and implemented two wildlife
crossings with exclusionary fencing in Nevada County for the
U.S. Highway 20 Omega Curve Correction project. Although
only a small number of known migratory deer use this area,
data revealed both a collared mule deer crossing and a col-
lared mule deer mortality within the footprint of the planned
mitigation project. (A third collared mule deer moved adjacent
to the highway, but seemingly made no attempt to cross.)
Construction of the mitigation project, funded by CalTrans,
was completed in 2022. Such GPS collar data will continue to
guide future connectivity projects to maintain ungulate migra-
tion routes and reduce WVC across California.

In Arizona, millions of motorists traverse Interstate
17 each year (more than 20,000 vehicles per day in some
sections; Arizona Department of Transportation, 2021).

The northernmost 31-mi (50-km) section, connecting the
Verde Valley and Flagstaff, passes through an important elk

migration corridor that was mapped in Volume 1 of this report
series (Kauffman and others, 2020a). The Arizona Game

and Fish Department (AZGFD) has worked closely with the
Arizona Department of Transportation and the FS in plan-
ning two highway overpasses and exclusionary fencing along
this stretch of Interstate 17. A project assessment, a required
step in the planning process, has been funded by AZGFD.
Cooperating agencies continue to work with partners and
stakeholders to obtain funding to complete the project.

Fences as Barriers to Migration

Fences crisscross the western United States. They are
constructed for a variety of reasons, including managing
livestock, delineating property boundaries, and marking rights
of way. Unfortunately for migrating ungulates, fences can be a
persistent source of mortality by entanglement (McInturff and
others, 2020) and may severely restrict or even sever migra-
tory movements (Jakes and others, 2018; Robb and others,
2022). Some fences are relatively permeable and easy to navi-
gate by migrating ungulates, while others can present formi-
dable barriers. In particular, a 6-8 foot (ft; 1.8-2.4-meter [m])
high woven-wire fence can be a nearly impermeable barrier to
ungulate movement. As migration mapping progresses across
the western states, managers can identify many of the impor-
tant landscapes that ungulates move through and the problem-
atic fences that constrain their movements. Fence-mitigation
projects abound across the western states, and we highlight a
few representative examples here.

Since 2011, CPW has led an effort to remove obsolete
fences in the northwest portion of Colorado. The project seeks
to mitigate fencing’s effects on multiple mule deer and elk
herds primarily within the herds’ winter ranges and migration
corridors. One example is the Bears Ear elk herd. Portions
of this herd winter in the Great Divide area northwest of
Craig, Colorado, and migrate in the summer as far east as
Mount Zirkel in the Park Range along the Continental Divide.
Approximately 40 mi (64 km) of fence, including three- and
four-strand barb-wire fences and woven-wire fences topped
with one or two strands of barb wire, have been removed from
winter ranges and migration corridors by volunteers, agency
staff, and contractors. Problematic fences have been removed
on Bureau of Land Management (BLM), State Land Board,
CPW State Wildlife Areas, National Park Service (for exam-
ple, Dinosaur National Monument), and private lands. Partner
agencies and CPW have invested more than $150,000 to com-
plete this work, including support from the Rocky Mountain
Elk Foundation, RESTORE Colorado, and the BLM. By the
end of summer 2022, more than 100 mi (161 km) of fence will
be removed from key mule deer and elk habitat.

In southeastern Idaho, the Soda Springs Hills support
approximately 4,000 wintering mule deer, many of which
migrate from their summer range on the Caribou-Targhee
National Forest east of Soda Springs, Idaho. Telemetry data
allowed mapping of the Soda Springs Hills mule deer migration



routes (Kauffman and others, 2020a), which clarified that most
mule deer migrate through a narrow bottleneck between a resi-
dential development and the Bayer phosphate industrial plant
on the north end of Soda Springs. Subsequent trail camera work
showed that approximately 1,500 mule deer migrate through an
area less than 246-ft (75-m) wide. From 2020 to 2022, IDFG
and Bayer partnered to enhance, protect, and widen this vital
migration route. Bayer has realigned a large perimeter fence to
widen the migratory pathway and allow for additional space
next to the adjacent highway in hopes of reducing WVC. They
also removed obstructions and modified vegetation and ground
cover to facilitate deer movement. Biologists at the IDFG plan
to radio collar additional mule deer in 2022 to better understand
this migration and improve their technical assistance to Bayer,
Soda Springs, and other partners.

In Wyoming, the world’s longest mule deer migration
was mapped in 2014 (Sawyer and others, 2014). The detailed
mapping revealed that mule deer migrated approximately
150 mi (120 km), and that nearly two-thirds of the way along
their spring migration from the Red Desert winter range, they
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had to navigate a 0.25-mi (0.40-km) wide bottleneck. The
migration corridor narrowed along the foothills of the Wind
River Range, where the bottleneck was formed by Fremont
Lake to the north and the expanding suburbs of Pinedale,
Wyoming, to the south. A 360-acre (146-hectare [ha]) parcel
of private land sat at the outlet of the lake, forcing migrat-
ing deer to navigate an 8-ft (2-m) high woven-wire fence
that was built to exclude elk from private land where they
could cause damage to hayfields or transmit disease (for
example, brucellosis; Rayl, 2019). At this time, the 360-acre
(146-ha) parcel was for sale and slated for development into
lakeside cottages. Maps of mule deer movements identified
this bottleneck as the top threat to the functionality of the
corridor (Sawyer and others, 2014), which prompted The
Conservation Fund to raise the necessary funding to purchase
the property and turn it over to the Wyoming Game and
Fish Department to create the Luke Lynch Wildlife Habitat
Management Area. The 8-ft (2-m) woven-wire fence was
then removed to preserve this portion of the corridor for
migrating deer in perpetuity (fig. 2).

Figure 2. Volunteers working to remove problematic fences in the Fremont Lake bottleneck, which is used twice a year by 4,000-5,000
migrating mule deer. Photograph by Brian Remlinger, Alder Environmental, LLC.
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Sidebar 2. Fence
Modification for Madison
Pronghorn in Southwest
Montana

A pronghorn collaring study conducted
by Montana Fish, Wildlife & Parks in 2020
identified a fence barrier to migration in the
Madison Valley herd, which supports one of
the largest wintering pronghorn populations in
southwest Montana. Maps of pronghorn move-
ments highlighted a blockage to the southern
migratory route between U.S. Highway 287 and
the Madison River (fig. 3A—C). Five collared
pronghorn encountered the fence barrier on
their spring migration. Once encountered, four
of the five pronghorn backtracked 3 mi (5 km)
to the north before crossing U.S. Highway
287 to resume their southbound migration.
Field visits identified a dilapidated jack-leg
and woven-wire fence obstructing a wildlife
passage that was located between the BLM and
private lands. The BLM surveyed the property
and worked with the landowner to replace
the impassable fence using wildlife-friendly
materials and design to allow pronghorn
passage. After modification, two collared
pronghorn passed through the wildlife-friendly
fence during their spring migration. Montana
Fish, Wildlife & Parks continues to monitor
animal movements in the area.

EXPLANATION

Migration route
Premodification
—— MA1908 —— MA1920
MA1909 —— MA1921
—— MA1919 —— MA1924

Postmodification
—— MA2004 —— MA2108

MONTANA

Study
area

IDAHO WYOMING

Figure 3. A, annual range (including migratory
movements) of the Madison Valley pronghorn herd in
southwest Montana and showing B, premodification
and C, postmodification of fences.
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Mitigating Development Within Corridors

In many areas throughout the western United States, the
public lands where ungulates overwinter or move through
during migration are at risk of being affected by energy
development. Recent studies indicate that disturbances
from energy development disrupt the behavior of migrating
animals. Migrating deer, for example, reduce stopover use,
increase their travel speed, and sometimes detour around
energy development (Sawyer and others, 2013; Wyckoff and
others, 2018). Once surface disturbance, the amount of native
vegetation that is converted to well pads and access roads,
exceeds approximately 3 percent of an area, use sharply
declines for migratory mule deer (Sawyer and others, 2020).
Similar results have been seen with pronghorn when their
migration corridors encounter energy development on the
landscape (Milligan and others, 2021; Lambert and others,
2022). Sawyer and others (2013) noted that this type of dis-
turbance has the potential to further reduce the functionality
of corridors already affected by human barriers, like high-
traffic roads and impermeable fences. Indeed, a recent study
found that the behavioral disturbances created by energy
developments caused the movements of mule deer to become
temporally mismatched from the optimal green wave of high-
quality forage (Aikens and others, 2022).

Mapping migration routes has made it clear that many
migrating ungulates can navigate around or through some
minimal level of development (Kauffman and others, 2018).
However, threshold levels of development that threaten
migration persistence are rarely quantified (but see Sawyer
and others, 2020). In the absence of such guidance, wildlife
and land managers have sought to minimize development that
occurs within the migration corridors. For example, in south-
central Idaho, the commercial-scale Lava Ridge Wind Energy
Project is proposed to be constructed on and around Owinza
Butte, which serves as important winter and migratory habitat
for mule deer and pronghorn. Mapped with data from prong-
horn radio-collared on summer ranges in 2019 and 2020, the
newly mapped Owinza Pronghorn migration (Kauffman and
others, 2022a) connects the winter range, associated with the
proposed project, with the pronghorn summer range more than
40-mi (64-km) to the north. As part of their ongoing techni-
cal assistance for the wind energy project, IDFG shared maps
of the Owinza Pronghorn migration with the BLM to inform
National Environmental Policy Act analyses of potential proj-
ect effects on pronghorn and to develop recommendations to
avoid or minimize adverse effects. Monitoring of radio-collared
pronghorn and mule deer by IDFG plans to continue before,
during, and after project construction, if the project continues,
to refine the migration maps and allow better understanding of
how wind energy may affect big-game winter habitat selection,
seasonal movements, and demographic performance.

In southwestern Wyoming, the Red Desert to Hoback
mule deer migration (Kauffman and others, 2020a) extends
north from their winter range north of Interstate 80, cross-
ing expansive tracts of BLM land that were made available

for energy development leasing in 2019. After discovering
the Red Desert to Hoback mule deer migration (Sawyer and
others, 2014), the Wyoming Game and Fish Department
(WGFD) designated this corridor, enrolling it as the first
migration to be officially recognized by Wyoming as part of
its Ungulate Corridor Conservation Strategy (Wyoming Game
and Fish Department, 2016). Having designated and mapped
a corridor of known width allowed the WGFD to evaluate if
any leases would potentially reduce the functionality of the
corridor. After the spatial overlap was evaluated, Wyoming
requested that numerous leases be deferred. For example, in
the first quarter of 2019 alone, the DOI deferred 14,020 acres
(5,674 ha) of oil and gas leases within the mapped corridor
because developing them posed too great of a risk to the cor-
ridor (Kauffman and others, 2021b).

Human recreation that impinges on migration can also
disrupt migrating animals if not managed properly. In Idaho,
construction of a new mountain bike trail was proposed
in 2017 on U.S. Army Corps of Engineers lands along the
shoreline of Lucky Peak Lake, which is surrounded by big-
game winter range on the Boise River Wildlife Management
Area (WMA). The Boise River WMA supports the largest
and most-hunted mule deer herd in Idaho and is specifically
managed to provide winter range for migratory mule deer
and elk. The area supports more than 3,500 wintering mule
deer, some of which migrate more than 70 mi (113 km) to
their summer range in upper reaches of the Boise River
watershed. The WMA’s Charcoal Segment, which would
have been directly affected by the bike trail, contains the
highest quality winter range on the WMA. Mapping of the
Blacks Creek mule deer migration route (Kauffman and
others, 2022a) was a communication centerpiece that served
to inform the 2020 U.S. Army Corps of Engineers decision to
not construct the trail. The project was deemed to have far-
reaching landscape effects on mule deer, big-game hunting,
and Idaho’s related socioeconomics.

Private Land Conservation

While many ungulate seasonal ranges are anchored
by extensive swaths of public lands, they are often
stitched together by large tracts of private ranchlands
(Gigliotti and others, 2022). Many migrations span elevational
and habitat gradients, forcing ungulates to traverse a diverse
matrix of publicly and privately owned lands (Middleton and
others, 2020). As the human population in western states con-
tinues to grow, many of the ranchlands that underpin migration
corridors and other seasonal ranges are at risk of subdivision,
which can compromise migrations and degrade the quality and
functionality of winter range (Wyckoff and others, 2018).
Conservation easements are a common conservation
solution to protect private lands from subdivision. A conserva-
tion easement is a legal contract wherein a private landowner
receives financial compensation in exchange for the property’s
development rights. The agreements are always voluntary,
and the rights are typically transferred to a land trust or other



government entity. Numerous land trusts, State wildlife
agencies, and other conservation groups are working across
western states to conserve wildlife habitat through conserva-
tion easements, thereby preventing future development.

One area where conservation easements have been used
effectively to protect private lands associated with ungulate
migrations is in the Upper Green River Basin of Wyoming.
The lowlands of the basin consist of expansive Artemisia
spp. (sagebrush) habitat, which gives way to mountain
shrub communities, forests, and alpine habitats moving west
into the Wyoming Range or north into the Gros Ventre and
Wind River Ranges. Elk, mule deer, pronghorn, and moose
all migrate through this region, wintering in the sagebrush
basins and summering in the mountains. The sagebrush
winter ranges tend to be public lands managed by the BLM,
while much of the summer range is public and managed
by the FS. However, the areas between the seasonal ranges
are frequently comprised of working lands: large tracts of
private lands interspersed with some public lands, which are
primarily used for ranching.

Because this region also has high-quality sagebrush
habitat and abundant Centrocercus spp. (sage grouse) popula-
tions, it was a focal region for private land conservation to
keep sage grouse from being listed under the Endangered
Species Act. From 2010 to 2018, the U.S. Department of
Agriculture Natural Resources Conservation Service, through
its Sage Grouse Initiative, worked with State and nongovern-
mental organization partners to fund 55 conservation ease-
ments (approximately 75,000 acres [30,351 ha]) throughout
the Upper Green River Basin (fig. 4). Although this private
land conservation did not specifically target migration corri-
dors, ungulate mapping efforts in this region indicated that the
Natural Resources Conservation Service’s effort focused on
sage grouse has had a substantial additional benefit in conserv-
ing the private lands that support the ungulate migrations of
the Upper Green River Basin (Ryan, 2015).

In another example, the New Mexico Department of Game
and Fish worked with private landowners to purchase the L Bar
property near Grants, New Mexico in 2022, which will expand
hunting and recreation opportunities for New Mexico residents
and restore access to cultural sites for Tribal communities. The
property is adjacent to the Marquez WMA, which with the new
agreement between private landowners, the Trust for Public
Land, and the New Mexico Department of Game and Fish, will
add more than 54,000 acres to the existing Marquez WMA,
making it the largest wildlife management area and largest state-
owned recreational property in New Mexico.

Policies to Enhance Ungulate Migration and
Winter Habitat

The U.S. Department of the Interior issued SO 3362
in 2018 to encourage Federal agencies to support western
states and their efforts to enhance the migration and winter
habitat for mule deer, elk, and pronghorn on Federal lands
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(U.S. Department of the Interior, 2018). Since then, this Federal
directive has provided millions of dollars to 11 western states
for migration research and on-the-ground mitigation efforts.
Additionally, this broader emphasis on migratory ungulates

and conserving migration corridors has prompted various
policy actions at the State level. For example, Colorado (State
of Colorado, 2019), Wyoming (State of Wyoming, 2020), and
Nevada (State of Nevada, 2021) have issued executive orders
aimed at identifying and developing collaborative strategies to
conserve big-game migration routes. Other States have passed
legislation aimed at improving landscape connectivity for
migratory ungulates, including the Wildlife Corridors Act (State
of New Mexico, 2019) and the Wildlife Corridors Bill (State

of Oregon, 2019). Together, these State and Federal policies
encourage widespread planning, research, and mitigation efforts
that accommodate, or at least consider, the habitat requirements
of migratory ungulates in the western United States. Winter,
stopover, and migration habitats identified by the State and
Federal analysts working to map migrations for this report series
will continue to help inform these policies as they evolve.

Herd Summaries

The herd-specific maps and associated summary text
provide the core of the Ungulate Migrations of the Western
United States report series. In the following sections, we pro-
vide previously unpublished maps documenting 45 migrations,
within most western states and select Tribal lands. These maps
have been produced in close collaboration with participating
State or Tribal agencies, which have collected the GPS collar
data in most cases. The data layers mapped for each herd vary
based on State-level policies and may include migration routes
(lines) or corridors (polygons), stopovers, winter ranges, and
(or) annual ranges. In addition to the herd maps, we provide
project and analytical details, summary statistics on the
included data, and relevant contacts and reports. The general
workflow for the analysis of each herd’s data consisted of the
following steps: (1) select migration dates for each animal-
year using the Migration Mapper application (Merkle and
others, 2022), (2) use a BBMM to estimate a unique utiliza-
tion distribution (UD) for each migration sequence (Horne
and others, 2007), (3) average the UD for a given individual’s
spring and fall migration sequences across all years, and
(4) stack the averaged individual UD for a given herd and
define different levels of migration-route use based on the
number of individuals using a given pixel, or defined area of
space. In general, we defined “low use” as areas traversed by
at least one collared individual during migration, “medium
use” as areas used by greater than 10 percent of collared
migrants within the population, and “high use” as areas used
by greater than 20 percent of collared migrants within the
herd. However, some individual states adapted these general
methods to adhere to state-specific methodologies. A complete
description of the methods, sometimes varying by herd, is
included in appendix 1.
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Figure 4. Conservation easements and ungulate migrations in the Wyoming Upper Green River Basin.

In combination with the map for each herd and the asso-
ciated text, these summary statistics provide an overview of
the documented ungulate migrations across the western United
States and serve as an additional tool to help inform local and

regional management and conservation. The data layers for
many of the herds mapped in this section are also available to
the public through the associated data release (Kauffman and
others, 2022c).
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[Photograph from Idaho Department of Fish and Game]
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[Photograph from Utah Division of Wildlife Resources]

Sidebar 3. Wildlife Corridor in Eagle
Mountain, Utah

In 2018, the Utah Division of Wildlife Resources
(UDWR) began radio collaring mule deer in and around
Eagle Mountain, Utah. As the collar data were collected, the
UDWR realized that the population used a migration corridor
that traversed habitat between two rapidly growing parts of
the city, to the north and south (fig. 5A). Since 2018, 46 mule
deer have been collared, yielding a robust representation of
their seasonal movements. Wildlife managers estimate that
approximately 2,000 mule deer migrate through the Eagle
Mountain area. Because Eagle Mountain is one of the fast-
est growing cities in Utah (State of Utah, 2014), wildlife
managers and city planners recognized that continued growth
of the city would likely threaten the existing corridor. In
an effort to maintain the corridor, the Eagle Mountain City
Council approved a Wildlife Corridor Overlay Zone in 2021,
becoming the first city in Utah to consider this type of zoning.
While the final designs have not been settled, the Wildlife
Corridor Overlay Zone may limit development and other
barriers within a 1,300-acre (526-ha) corridor area. Although
the corridor is only 330-ft (101-m) wide in some places, it
is the first attempt of its kind to proactively plan for urban
and suburban development and accommodate the seasonal
movement of migratory ungulates. In addition to the corridor
zone, the UDWR is also working with the Utah Department
of Transportation to construct an impermeable fence along the
south side of State Route 73 to funnel animals to a suitable
crossing point. An automatic system is also being developed
to alert drivers to crossing deer.

[Qil painting of a cabin near Eagle Mountain, Utah by Mari Kauffmann]
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Figure 6. Migration corridors, stopovers, and winter range of the South of Interstate 40 mule deer herd.
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South of Interstate 40 Mule Deer

The South of Interstate 40 mule deer reside in Game
Management Units (GMUs) 8 and 6B in Arizona. The herd
summers in high-elevation open meadows and Pinus ponder-
osa (ponderosa pine) habitat southwest of Flagstaff, Arizona.
In late October, the herd migrates west to lower elevation
Pinus spp. (pinyon pine)-Juniperus spp. (juniper) and shrub
habitats near the junction of Interstate 40 and U.S. Highway
89 (fig. 6). With funding support by the DOI through SO 3362,
research on this herd’s migration began in February 2020.
Additional GPS collars were deployed in January 2022 with
support from the FS, Mule Deer Foundation, and other part-
ners. Primary threats to the herd’s migration involve high-
volume roads including Interstate 40 and U.S. Highways 89
and 89A.

Animal Capture and Data Collection

Sample size: 33 adult mule deer (15 males, 18 females)
Relocation frequency: Approximately 3 hours
Project duration: 20202022

Data Analysis

Corridor, stopover, and winter range analysis: BBMM
(Sawyer and others, 2009); corridor analysis used Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: Net Squared
Displacement (NSD) (Bunnefeld and others, 2011)

Models derived from:

 Migration: 20 sequences from 7 individuals
(10 spring sequences, 10 fall sequences)

* Winter: 5 sequences from 5 individuals
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Migration corridor length:

e Min: 15.32 mi (24.66 km)

e Mean: 31.98 mi (51.46 km)

e Max: 44.44 mi (71.52 km)

Migration corridor area:

» 54,831 acres (22,189 ha) (low use)

* Stopover area: 5,832 acres (2,360 ha)

Winter Range Summary

Winter start and end date (median):
* November 8 to April 22

 Winter length (mean): 157 days

 Winter range (50 percent contour) area: 8,871 acres
(3,590 ha)

Other Information

Project contacts:

« Jeff Gagnon (jgagnon@azgfd.gov), Wildlife Specialist
Regional Supervisor, Arizona Game and Fish
Department

 Scott Sprague (ssprague@azgfd.gov), Project Manager/
Road Ecologist, Arizona Game and Fish Department

Data analyst:

* Lucas Olson, Cooperative Mule Deer Biologist,

Mule Deer Foundation and Arizona Game and Fish
Department

Corridor and Stopover Summary
Migration start and end dates (median):
* Spring: April 20 to April 22
* Fall: October 30 to November 8
Average number of days migrating:
 Spring: 6 days
* Fall: 11 days

[Photograph from Lucas Olson, Mule Deer Foundation]
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Blue Canyon Mule Deer

The Blue Canyon mule deer herd winters in the west-
ern foothills of the Sierra Nevada south of Interstate 80. The
winter range includes dense conifer and oak woodland that is
shared with a resident portion of the herd on a mix of public
and private lands. In the spring, the Blue Canyon herd migrates
from their winter range eastward along two main paths located
on the north and south sides of the Forest Hill Divide to higher
elevation terrain near Soda Springs and the crest of the Sierra
Nevada (fig. 7). The summer range includes primarily mixed-
conifer forests opening up to high alpine granite near the crest
of the Sierra Nevada. The population size is not well known
because of limited surveys, but is considered stable to declin-
ing, affected primarily by increasingly dense overstory and
habitat loss. This GPS collaring project was designed as part
of a region-wide effort to obtain abundance estimates for deer
using fecal DNA and home range analyses, with pinpointing
migration routes and identifying winter ranges a secondary
priority. Because of the small sample of GPS-tagged mule deer,
additional migration routes and winter ranges probably exist
beyond the extent of our model output.

Animal Capture and Data Collection

Sample size: 5 adult female mule deer
Relocation frequency: Approximately 1—12 hours
Project duration: 2018-2020

Data Analysis

Corridor, stopover, and winter range analysis: Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 9 sequences from 3 individuals
(3 spring sequences, 6 fall sequences)

* Winter: 6 sequences from 3 individuals

[Photograph from Sara Holm, California Department of Fish and Wildlife]
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Corridor and Stopover Summary

Migration start and end dates (median):
* Spring: April 26 to June 8

« Fall: October 9 to November 22
Average number of days migrating:

e Spring: 39 days

« Fall: 35 days

Migration corridor length:

e Min: 17.90 mi (28.80 km)

e Mean: 20.39 mi (32.82 km)

e Max: 23.47 mi (37.77 km)
Migration corridor area:

* 46,850 acres (18,960 ha) (low use)
 Stopover area: 5,411 acres (2,190 ha)

Winter Range Summary

Winter start and end dates (median):
* November 16 to April 26

« Winter length (mean): 160 days

 Winter range (50 percent contour) area: 16,679 acres

(6,750 ha)

Other Information

Project contacts:
* Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
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Biologist, California Department of Fish and Wildlife

 Sara Holm (Sara.Holm@wildlife.ca.gov), Wildlife

Biologist, California Department of Fish and Wildlife

Data analyst:

e Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife


mailto:Julie.Ga​rcia@wildl​ife.ca.gov
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Bucks Mountain-Mooretown Mule Deer

The Bucks Mountain-Mooretown mule deer herd winters
in the western foothills of the Sierra Nevada. The winter
range includes vernal pool grassland, oak woodland, and
dense-conifer forest that is shared with a resident portion of
the herd on a mix of public and private lands. In the spring,
the Bucks Mountain-Mooretown herd migrates along the U.S.
Highway 70 corridor and high-elevation locations of the Sierra
Nevada east and south to higher elevation terrain in the sur-
rounding national forest lands east of the Sierra Nevada near
Quincy and La Porte, California (fig. 8). The summer range
is primarily mixed-conifer forests opening up to high alpine
granite near the crest and transitioning to a mix of conifer and
shrub communities on the eastern side of the Sierra Nevada.
Although the population size is not well known, it is consid-
ered stable to declining, affected primarily by increasingly
dense overstory, environmental stressors, and habitat loss. This
GPS collaring project was designed as part of a region-wide
effort to obtain abundance estimates for deer using fecal DNA
and home range analyses, with pinpointing migration routes
and identifying winter ranges a secondary priority. Because
of the low sample size, additional migration routes and winter
ranges probably exist beyond the extent of our model output.

Animal Capture and Data Collection

Sample size: 4 adult female mule deer
Relocation frequency: Approximately 1—12 hours
Project duration: 2018—-2020

Data Analysis

Corridor, stopover, and winter range analysis: Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

e Migration: 11 sequences from 4 individuals
(5 spring sequences, 6 fall sequences)

 Winter: 6 sequences from 4 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
* Spring: April 24 to May 7
* Fall: November 14 to November 29
Average number of days migrating:
 Spring: 13 days
* Fall: 14 days
Migration corridor length:

e Min: 6.88 mi (11.07 km)
e Mean: 17.26 mi (27.77 km)
e Max: 22.03 mi (35.46 km)
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Migration corridor area:
* 64,320 acres (26,029 ha) (low use)

* Stopover area: 7,116 acres (2,880 ha)

Winter Range Summary

Winter start and end dates (median):
* November 29 to May 2

« Winter length (mean): 154 days

 Winter range (50 percent contour) area: 18,903 acres
(7,650 ha)

Other Information

Project contacts:
« Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
Biologist, California Department of Fish and Wildlife

 Sara Holm (Sara.Holm@wildlife.ca.gov), Wildlife
Biologist, California Department of Fish and Wildlife

* Stacy Anderson (Stacy.Anderson@wildlife.ca.gov),
Wildlife Biologist, California Department of Fish
and Wildlife

Data analyst:

« Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife

[Photograph from Sara Holm, California Department of Fish and Wildlife]
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Downieville-Nevada City Mule Deer

The Downieville-Nevada City mule deer herd winters in
the western foothills of the Sierra Nevada range. The winter
range includes dense conifer and oak woodland that is shared
with a resident portion of the herd on a mix of public and
private lands. In the spring, the migratory component of the
herd migrates north and east of Nevada City on both sides of
the middle fork of the Yuba River, staying north of Interstate
80, to high-elevation summer range along the crest of the
Sierra Nevada (fig. 9). The summer range is primarily mixed
conifer habitat opening up to high alpine granite near the crest
of the Sierra Nevada. The population size is unknown because
of limited survey capacity, but the population is considered
stable to declining, affected primarily by dense overstory,
environmental stressors, and habitat loss. This GPS collaring
project was designed as part of a region-wide effort to obtain
abundance estimates for deer using fecal DNA and home
range analyses, with pinpointing migration routes and identi-
fying winter ranges a secondary priority. Because of the small
sample size, additional migration routes and winter ranges
probably exist beyond the extent of our model output.

Animal Capture and Data Collection

Sample size: 11 adult female mule deer
Relocation frequency: Approximately 1—13 hours
Project duration: 2018-2021

Data Analysis

Corridor, stopover, and winter range analysis:
Fixed Motion Variance (see appendix 1 for further
description)

Delineation of migration periods: NSD
(Bunnefeld and others, 2011)

Models derived from:

« Migration: 19 sequences from 8 individuals
(8 spring sequences, 11 fall sequences)

 Winter: 10 sequences from 8 individuals

Corridor and Stopover Summary

Migration start and end dates (median):
 Spring: May 11 to May 20

« Fall: October 27 to November 10
Average number of days migrating:
 Spring: 10 days

 Fall: 17 days

Migration corridor length:

e Min: 9.97 mi (16.05 km)

e Mean: 20.00 mi (32.18 km)

e Max: 33.46 mi (53.85 km)
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Migration corridor area:
* 95,529 acres (38,659 ha) (low use)

* Stopover area: 10,032 acres (4,060 ha)

Winter Range Summary

Winter start and end dates (median):
* November 10 to May 9

 Winter length (mean): 183 days

 Winter range (50 percent contour) area: 21,597 acres
(8,740 ha)

Other Information

Project contacts:
« Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
Biologist, California Department of Fish and Wildlife

 Sara Holm (Sara.Holm@wildlife.ca.gov), Wildlife
Biologist, California Department of Fish and Wildlife

* Stacy Anderson (Stacy.Anderson@wildlife.ca.gov),
Wildlife Biologist, California Department of Fish
and Wildlife

Data analyst:

« Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife

[Photograph from Sara Holm, California Department of Fish and Wildlife]


mailto:Julie.Ga​rcia@wildl​ife.ca.gov
mailto:Sara.Holm@wildlife.ca.gov
mailto:Stacy.Ande​rson@wildl​ife.ca.gov

24 Ungulate Migrations of the Western United States, Volume 3

41°

40°40'

40°20'

400

39°40'

-122° -121°40' -121°20' -121 -120°40'
- AV l
= East Tehama
Mule Deer
EXPLANATION
[ Low use corridor
0 Medium use corridor
I High use corridor
OREGON
L LASSEN VOLCANIC
] NATIONAL PARK
» [

: &, SUSANVILLE INDIAN |
RANCHERIA
M '

\\\ Susanville”

GREENVILLE
RANCHERIA
=

Z
©
2
Q —
~ ) e
Winter Lo
Corning Range, @
| PASKENTA §~ .
: RANCHERIA: \
NN
EXPLANATION N
Paradis - { [ | Stopovers T
I Winter range
\J . .
p . ! Corridor footprint
MECHOOPDA TRIBAL
RESEFENATED STATISTICAL BSQEZ.SEF? |',EL\K = <

ENTERPRISE /
RANCHERIA

| Lake /
_.Oroville b
Orovills :’*

v ®© @b( ’ < 0 10 20MIES
\ Biggs. ; s
(). | (70 | 0 10 20 KILOMETERS
/| NI Gridley g | [ o I e

I5 1|0 1|5 ZIO MILES
T T T T
5 10 15 20KILOMETERS

Willows @
Q

Base from ESRI and U.S. Geological Survey digital data, 2019
Universal Transverse Mercator projection, zone 10N
North American Datum of 1983

o —T—o

Figure 10. Map showing migration corridors, stopovers, and winter ranges of the East Tehama mule deer herd.



California | Mule Deer

East Tehama Mule Deer

The East Tehama herd is the largest migratory popu-
lation of mule deer in California (Hill and Figura, 2020).
Population numbers peaked in the 1960s but have declined
in recent decades (Ramsey and others, 1981). These mule
deer migrate from a lower elevation winter range in the
foothills east of the Sacramento Valley to upper elevation
summer ranges in the southern Cascades and northern Sierra
Nevada (fig. 10). Although portions of the herd winter on the
California Department of Fish and Wildlife’s Tehama Wildlife
Area and other public lands, the herd’s winter range also
comprises many private ranchlands. The herd’s summer range
includes significant portions of surrounding national forest
lands as well as Lassen Volcanic National Park and private
timberlands. Primarily oak woodlands and annual grasslands
characterize the winter range, while the summer range consists
of conifer forests, montane meadows, and montane chaparral.
Potential threats to the herd include habitat changes resulting
from fire management (including fire suppression and cata-
strophic wildfires), forest succession, vegetation management,
and climate change. A small percentage of the herd are resi-
dents, inhabiting areas along the Sacramento River and areas
of irrigated agriculture.

Animal Capture and Data Collection

Sample size: 45 adult mule deer (7 males, 38 females)
Relocation frequency: Approximately 1-23 hours
Project duration: 20102018

Data Analysis

Corridor, stopover, and winter range analysis: Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 63 sequences from 33 individuals
(28 spring sequences, 35 fall sequences)

 Winter: 36 sequences from 33 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
e Spring: April 10 to May 6
« Fall: September 21 to October 26
Average number of days migrating:
 Spring: 23 days
 Fall: 28 days
Migration corridor length:

e Min: 14.31 mi (23.03 km)
e Mean: 37.26 mi (59.96 km)
e Max: 72.22 mi (116.23 km)

[Photograph from Pete Figura, California Department of Fish and Wildlife]
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Migration corridor area:
* 461,410 acres (186,726 ha) (low use)

e 23,425 acres (9,480 ha) (medium use)
395 acres (160 ha) (high use)
 Stopover area: 48,184 acres (19,499 ha)

Winter Range Summary

Winter start and end dates (median):
* October 21 to April 30

* Winter length (mean): 190 days

« Winter range (50 percent contour) area: 67,014 acres
(27,120 ha)

Other Information

Project contacts:

* Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
Biologist, California Department of Fish and Wildlife

» Ken Morefield (Ken.Morefield@wildlife.ca.gov), GIS
Supervisor, California Department of Fish and Wildlife

« Stacy Anderson (Stacy.Anderson@wildlife.ca.gov),
Wildlife Biologist, California Department of Fish
and Wildlife

* Pete Figura (Pete.Figura@wildlife.ca.gov), Wildlife
Management Supervisor, California Department of
Fish and Wildlife

Data analyst:

« Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife

Reports and publications:

 Hill, S.C., and Figura, P.J., 2020, Migration and
seasonal ranges of the Eastern Tehama deer herd in
northern California: California Fish and Wildlife
Journal, v. 106, p. 170-185.

* Ramsey, T.E., Pyshora, L., and Thompson, S.J.,
1981, Eastern Tehama deer herd management plan:
Reading, Calif., California Department of Fish and
Wildlife, 148 p.
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Grizzly Flat Mule Deer

The Grizzly Flat herd winters in the western foothills of
the Sierra Nevada near Grizzly Flats, California. The winter
range includes conifer forests, vineyards, and oak woodland
that is shared with a resident portion of the herd on a mix of
private and public lands. In the spring, the Grizzly Flat herd
migrates east to higher elevation terrain in the surrounding
national forest, staying south of Interstate 50 and primarily
north of U.S. Highway 88, to the crest of the Sierra Nevada
(fig. 11). The summer range contains primarily mixed-conifer
forests opening up to high alpine granite near the crest of the
Sierra Nevada. Although the population size of the Grizzly
Flat herd is unknown because of limited surveys, it is consid-

ered stable to declining, affected primarily by dense overstory,

environmental stressors, and habitat loss. This GPS-collaring
project was designed as part of a region-wide effort to obtain
abundance estimates for deer using fecal DNA and home

range analyses, with pinpointing migration routes and identi-

fying winter ranges a secondary priority. Because of the small

sample size of GPS-tagged mule deer, additional migration
routes and winter ranges probably exist beyond the extent of
our model output.

Animal Capture and Data Collection

Sample size: 6 adult female mule deer
Relocation frequency: Approximately 1—13 hours
Project duration: 2018—2021

Data Analysis

Corridor, stopover, and winter range analysis: Fixed
Motion Variance (see appendix 1 for further description)
Delineation of migration periods: NSD (Bunnefeld
and others, 2011)
Models derived from:
» Migration: 16 sequences from 5 individuals
(8 spring sequences, 8 fall sequences)

» Winter: 8 sequences from 5 individuals

[Photograph from Sara Holm, California Department of Fish and Wildlife]
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Corridor and Stopover Summary

Migration start and end dates (median):
 Spring: May 18 to June 5

« Fall: November 15 to November 25
Average number of days migrating:

e Spring: 12 days

* Fall: 12 days

Migration corridor length:

e Min: 20.72 mi (33.35 km)

e Mean: 26.78 mi (43.10 km)

e Max: 31.99 mi (51.48 km)

Migration corridor area:

* 97,654 acres (39,519 ha) (low use)
 Stopover area: 10,749 acres (4,350 ha)

Winter Range Summary

Winter start and end dates (median):
* November 17 to May 28

« Winter length (mean): 193 days

 Winter range (50 percent contour) area: 14,357 acres
(5,810 ha)

Other Information

Project contacts:
* Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
Biologist, California Department of Fish and Wildlife

 Sara Holm (Sara.Holm@wildlife.ca.gov), Wildlife
Biologist, California Department of Fish and Wildlife

 Shelly Blair (Shelly.Blair@wildlife.ca.gov), Wildlife
Biologist, California Department of Fish and Wildlife
Data analyst:

» Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife
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Kern River Mule Deer

The Kern River deer herd abundance peaked in 1949, but
numbers have decreased in recent decades. The population size
estimate is now considered stable, owing primarily to habitat
expansion by the 2001 McNally fire (California Department
of Fish and Wildlife, 2022). The Kern River herd winters in
regional national forest lands north of Johnsondale and east
of Slate Mountain. In the spring, the herd migrates north-
ward to an area by Redrocks Meadows and along the Kern
Canyon ridgeline to their summer range in Sequoia National
Park (fig. 12). The herd’s annual range spans the watersheds
of the Kern and Little Kern Rivers in eastern Tulare County.
Elevations range from 2,500 ft (762 m) on the southern slopes
of the winter range to above 11,000 ft (3,353 m) on the north-
ern summer range. Telemetry data during the past two decades
show considerable mixing between this herd and the Manache
herd on their summer ranges. Further research may support the
hypothesis that these herds are subherds of a larger population.
This GPS-collaring project was designed as part of a statewide
deer-monitoring effort to obtain abundance estimates, demo-
graphic rates, and movement datasets.

Animal Capture and Data Collection

Sample size: 32 adult female mule deer
Relocation frequency: Approximately 2 hours
Project duration: 2020—2021

Data Analysis

Corridor, stopover, and winter range analysis:
Combination of BBMM (Sawyer and others, 2009) and Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 69 sequences from 27 individuals

(43 spring sequences, 26 fall sequences)

» Winter: 60 sequences from 27 individuals

California | Mule Deer

Corridor and Stopover Summary

Migration start and end dates (median):
* Spring: April 16 to May 1

« Fall: October 26 to November 3
Average number of days migrating:

e Spring: 17 days

* Fall: 12 days

Migration corridor length:

e Min: 5.68 mi (9.14 km)

e Mean: 19.96 mi (32.13 km)

e Max: 34.68 mi (55.82 km)
Migration corridor area:

» 136,029 acres (55,049 ha) (low use)
e 51,471 acres (20,830 ha) (medium use)
e 20,559 acres (8,320 ha) (high use)
Stopover area: 14,109 acres (5,710 ha)

Winter Range Summary

Winter start and end dates (median):
e November 3 to April 17

* Winter length (mean): 182 days

» Winter range (50 percent contour) area: 25,550 acres

(10,340 ha)

Other Information

Project contacts:
* Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
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Biologist, California Department of Fish and Wildlife

e Evan King (Evan.King@wildlife.ca.gov),

Environmental Scientist, California Department of Fish

and Wildlife
Data analyst:

» Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife
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Manache Mule Deer

The Manache mule deer herd predominantly covers
the eastern slopes and crest of the Sierra Nevada. Elevation
stretches from 3,200 ft (975 m) on the Owens Valley winter
range to above 11,000 ft (3,353 m) on the summer range in
Sequoia National Park. The Manache herd migrates from
winter ranges just west of U.S. Highway 395 on the steep
slopes and valleys of the Sierra Nevada near Dunmovin and
Haiwee west to some of the highest elevations in the continen-
tal United States in the surrounding national forests (fig. 13).
Deer numbers have fluctuated since 1900, attributed largely to
livestock allotments, fire regimes, and timber-harvest prac-
tices. The population size in 2022 was unknown because of
limited data. This GPS-collaring project was designed as part
of a statewide deer-monitoring effort to obtain abundance
estimates, demographic rates, and movement datasets.

Animal Capture and Data Collection

Sample size: 47 adult female mule deer
Relocation frequency: Approximately 2 hours
Project duration: 2020—2021

Data Analysis

Corridor, stopover, and winter range analysis:
Combination of BBMM (Sawyer and others, 2009) and Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 97 sequences from 39 individuals

(64 spring sequences, 33 fall sequences)

* Winter: 96 sequences from 42 individuals

Corridor and Stopover Summary

Migration start and end dates (median):

California | Mule Deer 3

Average number of days migrating:
 Spring: 9 days

* Fall: 7 days

Migration corridor length:

e Min: 2.83 mi (4.56 km)

e Mean: 8.84 mi (14.23 km)

e Max: 31.09 mi (50.03 km)
Migration corridor area:
e 121,845 acres (49,309 ha) (low use)

» 20,583 acres (8,330 ha) (medium use)
e 7,932 acres (3,210 ha) (high use)
« Stopover area: 12,553 acres (5,080 ha)

Winter Range Summary

Winter start and end dates (median):
 QOctober 29 to May 6

» Winter length (mean): 260 days

* Winter range (50 percent contour) area: 36,398 acres
(14,730 ha)

Other Information

Project contacts:
* Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
Biologist, California Department of Fish and Wildlife

» Evan King (Evan.King@wildlife.ca.gov), Environ-
mental Scientist, California Department of Fish and
Wildlife

Data analyst:

« Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife

 Spring: May 4 to May 12
¢ Fall: November 1 to November 7

[Photograph from Evan King, California Department of Fish and Wildlife]
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Salt Springs Mule Deer

The Salt Springs herd winters in the western foothills of
the Sierra Nevada predominantly on private property from
Tylers Corner south to Sheep Ranch. The summer range is in
high-elevation terrain near Lower Bear River Reservoir and
Salt Springs Reservoir (fig. 14). The winter range consists
of mainly oak woodland habitat, and the summer range
includes primarily mixed-conifer forests opening up to high
alpine granite terrain near the crest of the Sierra Nevada. The
population size is unknown because of limited data. This
GPS-collaring project was designed as part of a region-wide
effort to obtain abundance estimates for deer using fecal DNA
and home range analyses, with pinpointing migration routes
and identifying winter ranges a secondary priority. Therefore,
other winter range and migration corridor routes probably
exist apart from what the limited sample size revealed. Future
work will help pinpoint the boundaries of this herd. The Salt
Springs herd is particularly important for comparison to the
Railroad Flat herd, which overlaps on the winter range with
the Salt Springs herd (though the Railroad Flat herd uses a
unique summer range).

Animal Capture and Data Collection

Sample size: 8 adult female mule deer
Relocation frequency: Approximately 1—13 hours
Project duration: 2018—2020

Data Analysis

Corridor, stopover, and winter range analysis: Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 13 sequences from 6 individuals
(6 spring sequences, 7 fall sequences)

» Winter: 8 sequences from 6 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
* Spring: April 20 to May 12
« Fall: November 16 to November 29
Average number of days migrating:
 Spring: 19 days
* Fall: 18 days
Migration corridor length:
e Min: 9.02 mi (14.52 km)

e Mean: 17.05 mi (27.44 km)
e Max: 22.93 mi (36.91 km)

[Photograph from Helayna Pera, California Department of Fish and Wildlife]
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Migration corridor area:
e 82,457 acres (33,369 ha) (low use)

* Stopover area: 8,772 acres (3,550 ha)

Winter Range Summary

Winter start and end dates (median):
* November 29 to April 16

 Winter length (mean): 138 days

 Winter range (50 percent contour) area: 15,073 acres
(6,100 ha)

Other Information

Project contacts:
« Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
Biologist, California Department of Fish and Wildlife

» Helayna Pera (Helayna.Pera@wildlife.ca.gov),
Environmental Scientist, California Department of Fish
and Wildlife

 Sara Holm (Sara.Holm@wildlife.ca.gov), Wildlife
Biologist, California Department of Fish and Wildlife
Data analyst:

« Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife
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Figure 15. Map showing migration corridors, stopovers, and winter ranges of the Siskiyou mule deer herd.



California | Mule Deer

Siskiyou Mule Deer

The Siskiyou mule deer herd migrates from winter
ranges primarily north and east of Mount Shasta (for example,
Lake Shastina, Mount Dome, Mount Hebron, Tionesta, and
Wild Horse Mountain) to sprawling summer ranges within
regional wilderness areas in the west and the Burnt Lava
Flow Geological Area to the east (fig. 15). A small percent-
age of the herd are residents, residing largely within winter
ranges across the central and northeast areas of the herd’s
annual distribution. The total population size of the Siskiyou
herd is unknown, but adult deer densities averaged 6.01 deer
per square kilometer (15.4 deer per square mile) on summer
ranges in 2017 and 5.16 deer per square kilometer (13.23
deer per square mile) on winter ranges in 2019 (Wittmer and
others, 2021). Some deer from the Siskiyou herd, including
individuals not collared from this dataset but moving within
herd boundaries, cross major highways during their seasonal
migrations (U.S. Highways 97 and 89), and road mortalities
of telemetered deer have been recorded (Cristescu and others,
2022). The summer range poses few concerns to the health of
the herd, although limited water availability and recent forest
fires may affect deer to some extent. Possible risks to deer
population health on the winter range are relatively unknown.
While recreational (hunting) opportunities have declined, the
herd’s status is considered stable.

Animal Capture and Data Collection

Sample size: 82 adult female mule deer
Relocation frequency: Approximately 1—13 hours
Project duration: 20152020

Data Analysis

Corridor, stopover, and winter range analysis:
Combination of BBMM (Sawyer and others, 2009) and Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 167 sequences from 67 individuals
(82 spring sequences, 85 fall sequences)

» Winter: 111 sequences from 66 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
 Spring: May 5 to May 16
* Fall: October 21 to November 4
Average number of days migrating:
 Spring: 13 days
* Fall: 11 days

[Photograph from Heiko U. Wittmer, Victoria University of Wellington]
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Migration corridor length:
e Min: 4.56 mi (7.34 km)

e Mean: 25.68 mi (41.33 km)

e Max: 63.55 mi (102.28 km)
Migration corridor area:
» 418,910 acres (169,527.4 ha) (low use)

e 49,222 acres (19,919.3 ha) (medium use)
3,155 acres (1,276.7 ha) (high use)
* Stopover area: 51,047 acres (20,657.9 ha)

Winter Range Summary

Winter start and end dates (median):
e November 10 to May 6

* Winter length (mean): 180 days

 Winter range (50 percent contour) area: 132,259 acres
(53,523.4 ha)

Other Information

Project contacts:

» Heiko Wittmer (heiko.wittmer@vuw.ac.nz), School of
Biological Sciences, Victoria University of Wellington

 Christopher Wilmers (cwilmers@ucsc.edu), Center for
Integrated Spatial Research, Environmental Studies
Department, University of California

* Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
Biologist, California Department of Fish and Wildlife

Data analyst:

» Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife

Reports and publications:

 Wittmer, H.U., Cristescu, B., Spitz, D.B., Nisi, A,
and Wilmers, C.C., 2021, Final report Siskiyou
deer-mountain lion study (2015-2020): California
Department of Fish and Wildlife, 71 p. [Also available
at https://doi.org/10.13140/RG.2.2.31758.28480.]
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Albion Mountains Mule Deer

Albion Mountains mule deer winter on the lower south-
and west-facing aspects of the Albion Mountains (fig. 16).
However, the majority of deer that summer in the Albion
Mountains migrate east to the Albion and Jim Sage Mountains
and, to a lesser extent, north to the Cotterel Mountains. In 2017,
an estimated 4,000 mule deer wintered in the southern portions
of the Albion and Jim Sage Mountains. The Albion Mountain
range is a small, isolated mountain range surrounded by pri-
vate agricultural land. The Cotterel Mountains and Jim Sage
Mountains are other isolated ranges, separated by private agri-
cultural valleys spanning a few miles between ranges. On aver-
age, the Albion Mountains mule deer migrate 15 mi (24 km)
between their summer and winter habitats. There is low risk of
conversion of private agricultural lands to habitat unsuitable for
mule deer. Because many of these deer have to cross private
lands to reach their winter range, it is important to maintain
private land as agricultural so migrations are not inhibited.

Animal Capture and Data Collection

Sample size: 32 adult female mule deer
Relocation frequency: Approximately 12.5-23.5 hours
Project duration: May 2015-November 2018

Data Analysis

Migration and stopover analysis: of 85 individual seasonal
migrations, 57 used Fixed Motion Variance (3,281 ft [1,000 m];
see appendix 1 for further description) with a 14-hour time
lag; 28 used Fixed Motion Variance (3,281 ft) [1,000 m] with a
27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld and
others, 2011)

Models derived from:

» Migration: 85 sequences from 32 individuals
(55 spring sequences, 30 fall sequences)

Migration and Stopover Summary
Migration start and end date (median):
e Spring: April 3 to April 23
* Fall: December 2 to December 18
Average number of days migrating:
* Spring: 21 days
e Fall: 17 days
Migration length:
e Min: 2.1 mi (3.4 km)

e Mean: 15.3 mi (24.6 km)
e Max: 52.7 mi (84.8 km)

[Photograph from Idaho Department of Fish and Game]
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Migration area:

» 127,686 acres (51,673 ha)
(low use; greater than [>] 2 individuals)

59,948 acres (24,260 ha) (medium use; 10-20 percent)
e 21,518 acres (8,708 ha) (high use; >20 percent)
« Stopover area: 14,247 acres (5,766 ha)

Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

* Mike McDonald (mike.mcdonald@idfg.idaho.gov),
Regional Wildlife Manager, Idaho Department of
Fish and Game

« Jake Powell (jake.powell@idfg.idaho.gov), Regional
Wildlife Biologist, Idaho Department of Fish and Game

* Sierra Robatcek (sierra.robatcek@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

* Robert Ritson (robert.ritson@idfg.idaho.gov), Associate
Research Scientist, Wyoming Cooperative Fish and
Wildlife Research Unit, University of Wyoming

Reports and publications:

e Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Mosby, C., Ellstrom, M., Roche, E., Elmer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY20.pdf.]
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North Hansel Mountains Mule Deer

North Hansel Mountains mule deer winter east of Stone,
Idaho, along the border of Idaho and Utah (fig. 17). Recent
aerial abundance surveys indicate that 1,600-2,200 mule deer
winter here. Below-average winter snow depths result in deer
dispersing throughout the North Hansel Mountains and the
Pleasantview Hills to the north. In contrast, above-average
snow depths force deer farther south into Utah. In the spring,
deer migrate north—northeast and north—northwest into the
Pleasantview Hills and Deep Creek Mountains, respectively.
On average, these mule deer travel 27 mi (43 km) between their
summer and winter ranges. Livestock fencing, wildfires, and the
proliferation of exotic annual grasses all have the potential to
negatively affect migration and seasonal habitats for this herd.

Animal Capture and Data Collection

Sample size: 16 adult female mule deer
Relocation frequency: Approximately 4-23.5 hours
Project duration: March 2016-June 2021

Data Analysis

Migration: of 22 individual seasonal migrations, 12 used
BBMM (Sawyer and others, 2009) with an 8-hour time lag;
4 used Fixed Motion Variance (3,281 ft [1,000 m]; see appen-
dix 1 for further description) with a 14-hour time lag; 6 used
Fixed Motion Variance (3,281 ft [1,000 m]) with a 27-hour
time lag.

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

« Migration: 22 sequences from 16 individuals
(18 spring sequences, 4 fall sequences)

Migration and Stopover Summary
Migration start and end dates (median):
 Spring: April 1 to April 22
« Fall: November 28 to December 2
Average number of days migrating:
 Spring: 24 days
* Fall: 27 days
Migration length:

e Min: 10.8 mi (17.4 km)
e Mean: 27.0 mi (43.5 km)
e Max: 45.7 mi (73.5 km)

[Photograph from Idaho Department of Fish and Game]
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Migration area:
e 147,687 acres (59,767 ha) (one individual)

» 58,759 acres (23,779 ha) (medium use)
18,198 acres (7,364 ha) (high use)

Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

e Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

» Zack Lockyer (zack.lockyer@idfg.idaho.gov), Region-I
Wildlife Manager, Idaho Department of Fish and Game

* Eric Freeman (eric.freeman@idfg.idaho.gov), Regional
Wildlife Biologist, Idaho Department of Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

* Robert Ritson (robert.ritson@idfg.idaho.gov), Associate
Research Scientist, Wyoming Cooperative Fish and
Wildlife Research Unit, University of Wyoming

Reports and publications:

e Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY 20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Mosby, C., Ellstrom, M., Roche, E., EImer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY 20.pdf.]
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Figure 18. Map showing migration routes and stopovers of the Sand Creek mule deer herd.
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Sand Creek Mule Deer

Approximately 3,800 mule deer winter on the slightly
rolling terrain surrounding Sand Creek (this area is regionally
known as the Sand Creek Desert), located in GMU 60A
(fig. 18). Human entry restrictions across much of the area
during winter provide mule deer with undisturbed access to
high-quality sage steppe habitats. The area primarily consists of
sagebrush or bitterbrush overstory with grass and forb under-
story. In certain areas, these brush communities are interspersed
with stands of juniper, Prunus virginiana (chokecherry), and
other shrub species, which provide both cover and browse
for mule deer. Pseudotsuga menziesii (Douglas fir) and Pinus
contorta (lodgepole pine) communities become common
throughout Big Bend Ridge as elevation increases to the north
of the Sand Creek Desert. In the summer, Sand Creek mule
deer largely disperse north and east into forested habitats (often
east of U.S. Highway 20) to GMUs 60, 62, and 62A, with some
individuals traveling to Wyoming. Two main challenges these
mule deer face during migration include an extensive network
of fencing and traffic on U.S. Highway 20.

Animal Capture and Data Collection

Sample size: 24 adult female mule deer
Relocation frequency: Approximately 4-23.5 hours
Project duration: April 2013-June 2019

Data Analysis

Migration and stopover analysis: of 56 individual sea-
sonal migrations, 9 used BBMM (Sawyer and others, 2009)
with an 8-hour time lag; 9 used Fixed Motion Variance
(3,281 ft [1,000 m]; see appendix 1 for further description) with
a 14-hour time lag; 38 used Fixed Motion Variance (3,281 ft
[1,000 m]) with a 27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 56 sequences from 24 individuals
(34 spring sequences, 22 fall sequences)

Migration and Stopover Summary
Migration start and end dates (median):
 Spring: April 1 to May 7
* Fall: October 29 to December 1
Average number of days migrating:
 Spring: 33 days
* Fall: 25 days
Migration length:

e Min: 11.5 mi (18.5 km)
e Mean: 35.3 mi (56.8 km)
e Max: 74.4 mi (119.7 km)

[Photograph from Idaho Department of Fish and Game]
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Migration area:
e 279,615 acres (113,156 ha) (low use; >2 individuals)

e 143,715 acres (58,159 ha) (medium use; 10-20 percent)
56,150 acres (22,723 ha) (high use; >20 percent)
* Stopover area: 30,881 acres (12,497 ha)

Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

* Curtis Hendricks (curtis.hendricks@idfg.idaho.gov),
Regional Wildlife Manager, Idaho Department of
Fish and Game

« Jacob Gray (jacob.gray@idfg.idaho.gov),
Environmental Staff Biologist, Idaho Department of
Fish and Game

e Matt Pieron (matt.pieron@idfg.idaho.gov), Mule
Deer Initiative Coordinator, Idaho Department of
Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

* Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

* Robert Ritson (robert.ritson@idfg.idaho.gov), Associate
Research Scientist, Wyoming Cooperative Fish and
Wildlife Research Unit, University of Wyoming

Reports and publications:

* Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game, 62 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00856%20Statewide
%20Wildlife%20Research%20Final%20Report%
20FY20.pdf.]

* Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Moshy, C., Ellstrom, M., Roche, E., Elmer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,

R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p. [Also
available at https://collaboration.idfg.idaho.gov/Wildl
ifeTechnicalReports/F19AF00858%20Statewide%20
Surveys%20%?20Inventory%20Final%20Report%
20FY20.pdf.]
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Figure 19. Map showing migration routes and stopovers of the South Hills mule deer herd.
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South Hills Mule Deer

South Hills mule deer primarily winter on the northern
end of the South Hill and spend the summer on national forest
lands to the south-southeast (fig. 19). The lower south-facing
slopes are generally free from significant snow, and an abun-
dance of bitterbrush provides forage for more than 6,000 mule
deer. The South Hill area is popular for off-road and all-terrain
vehicle enthusiasts because of the extensive motorized-use
trails and roads in the area. Some seasonal access restrictions
protect mule deer on their winter range. On average, these mule
deer migrate 20 mi (33 km) between their winter range and
summer ranges in the higher elevations of the region. Several
large wildfires have burned hundreds of thousands of acres
in the South Hills in the last decade, affecting winter range
distributions.

Animal Capture and Data Collection

Sample size: 18 adult female mule deer
Relocation frequency: Approximately 12.5-23.5 hours
Project duration: April 2015-December 2018

Data Analysis

Migration and stopover analysis: of 44 individual seasonal
migrations, 32 used Fixed Motion Variance (3,281 ft [1,000 m];
see appendix 1 for further description) with a 14-hour time
lag; 12 used Fixed Motion Variance (3,281 ft [1,000 m]) with a
27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 44 sequences from 18 individuals
(27 spring sequences, 17 fall sequences)

Migration and Stopover Summary

Migration start and end dates (median):

« Spring: April 16 to May 8

* Fall: November 24 to January 1

Average number of days migrating:

 Spring: 23 days

« Fall: 25 days

Migration corridor length:

e Min: 3.3 mi (5.3 km)

e Mean: 20.4 mi (32.8 km)

e Max: 40.9 mi (65.8 km)
Migration area:
e 201,352 acres (81,484 ha) (one individual)

89,783 acres (36,334 ha) (medium use)
e 21,212 acres (8,584 ha) (high use)
* Stopover area: 11,565 acres (4,680 ha)
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Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

e Mike McDonald (mike.mcdonald@idfg.idaho.gov),
Regional Wildlife Manager, Idaho Department of
Fish and Game

« Jake Powell (jake.powell@idfg.idaho.gov), Regional
Wildlife Biologist, Idaho Department of Fish and Game

* Sierra Robatcek (sierra.robatcek@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

Data analysts:

 Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

* Robert Ritson (robert.ritson@idfg.idaho.gov), Associate
Research Scientist, Wyoming Cooperative Fish and
Wildlife Research Unit, University of Wyoming

Reports and publications:

e Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Mosby, C., Ellstrom, M., Roche, E., Elmer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY20.pdf.]

[Photograph from Idaho Department of Fish and Game]
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Figure 20.

Map showing migration routes of the Stone Hills mule deer herd.
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Stone Hills Mule Deer

Stone Hills mule deer winter west—southwest of Stone,
Idaho, and north of Snowville, Utah, between Interstate 84
and Stone (fig. 20). Aerial abundance surveys in 2015 and
2022 documented more than 1,900 mule deer wintering in the
Stone Hills. In the spring, these deer migrate north—northwest
and north—northeast into the Sublett Range and Deep Creek
Mountain, respectively. On average, these mule deer migrate
26 mi (42 km) between their summer and winter ranges. Prior
to the construction of Interstate 84 in 1969, many deer from the
summer range in the Sublett Range migrated to the winter range
along the Black Pine Mountains; that migration no longer exists.
Transportation infrastructure, wildfires, and the proliferation
of non-native annual grasses negatively affect the winter and
summer habitats for these deer.

Animal Capture and Data Collection

Sample size: 19 adult female mule deer
Relocation frequency: Approximately 4-23.5 hours
Project duration: April 2017-April 2021

Data Analysis

Migration analysis: of 31 individual seasonal migrations,
12 used BBMM (Sawyer and others, 2009) with an 8-hour
time lag; 17 used Fixed Motion Variance (3,281 ft [1,000 m];
see appendix 1 for further description) with a 14-hour time
lag; 2 used Fixed Motion Variance (3,281 ft [1,000 m]) with a
27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld and
others, 2011)

Models derived from:

» Migration: 31 sequences from 19 individuals
(23 spring sequences, 8 fall sequences)

Migration and Stopover Summary
Migration start and end dates (median):
 Spring: March 29 to April 23
« Fall: November 28 to December 15
Average number of days migrating:

e Spring: 21 days

* Fall: 21 days

Migration length:

e Min: 11.1 mi (17.9 km)

e Mean: 25.9 mi (41.7 km)

e Max: 37.3 mi (60.0 km)

Migration area:

e 176,777 acres (71,539 ha) (one individual)
e 76,186 acres (30,831 ha) (medium use)

e 23,554 acres (9,532 ha) (high use)
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Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

e Zack Lockyer (zack.lockyer@idfg.idaho.gov),
Regional Wildlife Manager, Idaho Department of
Fish and Game

* Mike McDonald (mike.mcdonald@idfg.idaho.gov),
Regional Wildlife Manager, Idaho Department of
Fish and Game

* Jake Powell (jake.powell@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

« Sierra Robatcek (sierra.robatcek@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

* Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

« Robert Ritson (robert.ritson@idfg.idaho.gov),
Associate Research Scientist, Wyoming Cooperative
Fish and Wildlife Research Unit, University
of Wyoming

Reports and publications:

* Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Moshy, C., Ellstrom, M., Roche, E., EImer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%?20Inventory%20Final
%20Report%20FY 20.pdf.]

[Photograph from Idaho Department of Fish and Game]
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Figure 21.

Map showing migration corridors, stopovers, and winter ranges of the Canyon de Chelly mule deer herd.
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Canyon de Chelly Mule Deer

The Canyon de Chelly population is one of several
mule deer herds that winter in the foothills of the Chuska
Mountains, a mountain range measuring 80 mi (129 km) long
within the southeast Colorado Plateau in the Navajo Nation
Reservation. The winter ranges and migration corridors of
the Canyon de Chelly mule deer herd lie just 7 mi (11 km)
south of the Ram Pasture herd but are separated geographi-

cally by Canyon del Muerto and Black Rock Canyon (fig. 21).

These canyons are part of a larger canyon system known as
the Canyon de Chelly National Monument. The Canyon de
Chelly National Monument is one of four parks in the Federal
park system comanaged with a Native American Tribe,
though the United States government owns none of the park-
lands (National Park Service, 2021). Members of the Navajo
Nation continue to live inside the Canyon de Chelly National
Monument and the surrounding canyons where they maintain
livestock (cattle and sheep) and grow crops. Although there
are routes into the canyon and perennial streams throughout
the bottom of the canyon, the collared mule deer spend most
of their winter season on top of the canyon mesas. Windmills
installed for livestock use by the Navajo Nation Department
of Water Resources are an important source of water for mule
deer during winter. During spring and fall migrations, the
Canyon de Chelly herd’s migration corridors cross Indian
Route 12, a busy rural highway along the Arizona and New
Mexico border. Vehicular collisions, urban development, and
overgrazing by livestock are the herd’s predominant chal-
lenges within this migration corridor. Because of the small
sample of GPS-tagged mule deer, additional migration routes
and winter range areas may exist beyond the extent of our
model output.

Animal Capture and Data Collection

Sample size: 6 adult female mule deer
Relocation frequency: Approximately 1-4 hours
Project duration: 2018—present

Data Analysis

Stopover and winter range analysis: BBMM (Sawyer
and others, 2009); corridor analysis used Fixed Motion
Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)
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Models derived from:

» Migration: 21 sequences from 6 individuals
(11 spring sequences, 10 fall sequences)

» Winter: 12 sequences from 6 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
* Spring: April 11 to April 17
* Fall: October 28 to November 1
Average number of days migrating:
 Spring: 11 days
* Fall: 10 days
Migration length:

e Min; 5 mi (8 km)

e Mean: 18 mi (28 km)

* Max: 26 mi (42 km)

Migration corridor area:

e 55,425 acres (22,430 ha) (low use)
26,020 acres (10,530 ha) (medium use)
e 2,669 acres (1,080 ha) (high use)

« Stopover area: 5,930 acres (2,400 ha)

Winter Range Summary

Winter start and end dates (median):
e November 1 to April 11

« Winter length (mean): 158 days

» Winter range (50 percent contour) area: 17,791 acres
(7,200 ha)

Other Information

Project contacts:

« Jessica Fort (jfort@nndfw.org), Wildlife Biologist,
Navajo Nation Department of Fish and Wildlife

« Jeffrey Cole (jecole@nndfw.org), Wildlife Manager,
Navajo Nation Department of Fish and Wildlife

Data analyst:

« Jessica Fort (jfort@nndfw.org), Wildlife Biologist,
Navajo Nation Department of Fish and Wildlife

[Photograph from David Mikesic, Navajo Nation Department of
Fish and Wildlife]
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Figure 22. Map showing migration corridors, stopovers, and winter ranges of the Ram Pasture mule deer herd.
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Ram Pasture Mule Deer

The Ram Pasture population is one of several mule deer
herds that winter in the foothills of the Chuska Mountains, a
mountain range measuring 80 mi (129 km) long within the
Navajo Nation Reservation (fig. 22). These mule deer winter in
pinyon-juniper and sagebrush foothills, migrate east to higher
elevations in the spring, and summer in habitats comprised of
mixed conifer, aspen, high alpine meadows, and ponderosa
pine. Both winter and summer ranges remain entirely within
Tribal trust lands managed by the Navajo Nation Department
of Fish and Wildlife. Similar to the Canyon de Chelly mule
deer herd, every spring and fall, the Ram Pasture herd must
cross Indian Route 12, a busy rural highway along the Arizona
and New Mexico border. Vehicular collisions are a continuous
problem in these areas during migration seasons. Aerial surveys
in 2020 estimated 1,583 mule deer as the minimum number
known to be alive throughout the herd’s winter ranges in the
Chuska Mountains. The limiting factors for this herd include
low-quality habitat caused by overgrazing and resource com-
petition with feral horses and unregulated livestock (Davies
and Boyd, 2019; Wallace and others, 2021). Furthermore,
extended drought and habitat fragmentation driven by urban
development have accelerated the decline of habitat suitability
(Redsteer and others, 2013; Nania and others, 2014).

Animal Capture and Data Collection

Sample size: 32 adult mule deer (15 males, 17 females)
Relocation frequency: Approximately 1-4 hours
Project duration: 2018—present

Data Analysis

Stopover and winter range analysis: BBMM (Sawyer and
others, 2009); corridor analysis used Fixed
Motion Variance (see appendix 1 for further description)
Delineation of migration periods: NSD (Bunnefeld
and others, 2011)
Models derived from:

» Migration: 95 sequences from 32 individuals
(57 spring sequences, 38 fall sequences)

» Winter: 60 sequences from 30 individuals

Navajo Nation | Mule Deer

Corridor and Stopover Summary

Migration start and end dates (median):
* Spring: April 28 to May 2

* Fall: October 26 to October 29
Average number of days migrating:

e Spring: 11 days

 Fall: 17 days

Migration corridor length:

e Min: 2 mi (3.4 km)

e Mean: 11 mi (17 km)

e Max: 18 mi (30 km)

Migration corridor area:

» 82,349 acres (54,679 ha) (low use)

¢ 20,089 acres (8,130 ha) (medium use)
e 7,611 acres (3,080 ha) (high use)

* Stopover area: 9,242 acres (3,740 ha)

Winter Range Summary

Winter start and end dates (median):
* October 29 to April 28

* Winter length (mean): 179 days

 Winter range (30 percent contour) area: 20,855 acres

(8,440 ha)

Other Information

Project contacts:

» Jessica Fort (jfort@nndfw.org), Wildlife Biologist,
Navajo Nation Department of Fish and Wildlife

» Jeffrey Cole (jecole@nndfw.org), Wildlife Manager,

Navajo Nation Department of Fish and Wildlife
Data analyst:

* Jessica Fort (jfort@nndfw.org), Wildlife Biologist,
Navajo Nation Department of Fish and Wildlife

[Photograph from David Mikesic, Navajo Nation Department of
Fish and Wildlife]
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Figure 23. Map showing migration corridors, stopovers, and winter ranges of the Crow Mesa mule deer herd.
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Crow Mesa Mule Deer

The Crow Mesa Mule Deer study was initiated in 2019
to identify the seasonal movements and distribution patterns
of mule deer in the eastern half of GMU 2C. This GPS study
builds on nearby studies of mule deer and elk conducted by
the BLM, the Southern Ute Tribe, the Jicarilla Apache Nation,
and the New Mexico Department of Fish and Game. Migration
corridors extended 20-75 mi (32-110 km) from the winter
ranges in GMU 2C to various summer ranges on national forest
lands to the northeast near Dulce, and to the southeast near
Cuba (fig. 23). The Crow Mesa mule deer herd relies largely on
winter ranges administered by the BLM, where approximately
70 percent of the population remains year round (Sawyer,
2021). The other 30 percent of the herd migrates through and
summers on an assortment of private, Tribal, and FS lands.
Notably, all recorded mule deer migration corridors crossed
Jicarilla Apache Nation Reservation immediately east of this
herd’s winter range. Key management challenges with this deer
herd include fence barriers, highway crossings, and habitat loss
and human disturbance associated with energy development.

Animal Capture and Data Collection

Sample size: 45 adult female mule deer
Relocation frequency: 2-8 hours
Project duration: 2019-2021

Data Analysis

Stopover and winter range analysis: BBMM (Sawyer and
others, 2009); corridor analysis used line buffer (300 m [984
ft]) method, where lines from migration sequences were buff-
ered by 300 m (984 ft; see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld and
others, 2011)

Models derived from:

» Migration: 40 sequences from 12 individuals
(23 spring sequences, 17 fall sequences)

» Winter: 103 sequences from 42 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
 Spring: April 14 to April 26
* Fall: October 20 to October 23
Average number of days migrating:
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 Spring: 15 days

« Fall: 8 days

Migration corridor length:
e Min: 20 mi (32 km)

e Mean: 32 mi (51 km)

e Max: 75 mi (121 km)
Migration corridor area:
e 201,632 acres (81,597 ha) (low use)

* 2,600 acres (1,052 ha) (high use)
« Stopover area: 39,686 acres (16,060 ha)

Winter Range Summary

Winter start and end dates (median):
» December 1 to March 31

» Winter length (mean): 120 days

* Winter range (50 percent contour) area: 94,392 acres
(38,199 ha)

Other Information

Project contacts:

* John Sherman (Jssherma@blm.gov), State Wildlife
Program Lead, Roswell Field Office, Bureau of Land
Management

» Hall Sawyer (hsawyer@west-inc.com), Research
Biologist, Western Ecosystems Technology, Inc.

* Orrin Duvuvuei (orrin.duvuvuei@dgf.nm.gov),
Deer Program Manager, New Mexico Department
of Game and Fish.

Data analyst:

« Hall Sawyer, Research Biologist, Western Ecosystems
Technology, Inc.

Reports and publications:

e Sawyer, H., 2021, Crow Mesa mule deer study—
Final report: Laramie, Wyo., Western Ecosystems
Technology, Inc., p. 10-13.

[Photograph from Hall Sawyer, Western Ecosystems Technology, Inc.]
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Figure 24. Map showing migration corridors, stopovers, and winter ranges of the Rio Chama mule deer herd.
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Rio Chama Mule Deer

The Rio Chama mule deer herd has one of the highest-
density populations of any herd in New Mexico. The herd
migrates from north-central New Mexico along the Continental
Divide and through the San Juan Mountains, with some
individuals moving to summer ranges in southern Colorado
(7,871-11,500 ft [2,399-3,505 m] elevation; fig. 24). These
deer migrate through a mosaic of private, public, and Jicarilla
Apache Nation Reservation lands. The herd winters south
and east of Heron Reservoir and EI Vado Reservoir in habitat
consisting primarily of sagebrush steppe, grasslands, pinyon-
juniper mesas, and oak woodlands. The mule deer use two
primary migration corridors: One corridor follows the Rio
Chama to the northeast and a shorter corridor heads east across
U.S. Highways 84 and 64. The shorter corridor initially follows
Rio de los Ojos before branching into separate corridors north
and south of U.S. Highway 64. Interspersed agricultural lands
along the Rio Chama and U.S. Highways 84 and 64 may serve
as stopover sites for some mule deer during their spring migra-
tion. Ponderosa pine, mixed conifer, and Populus tremuloides
(quaking aspen) forests characterize the corridors and stopovers
within mid-elevation landscapes. As the Rio Chama mule deer
continue northeast, they travel through subalpine spruce-fir for-
ests and montane meadows until reaching their high-elevation
summer range, which consists of mixed conifer and aspen for-
ests. Challenges the herd faces include crossing U.S. Highways
84 and 64, increasing density of housing subdivisions in some

areas along the routes, and fencing, especially taller fencing that

mule deer cannot jump.

Animal Capture and Data Collection

Sample size: 67 adult female mule deer
Relocation frequency: Approximately 2—12 hours
Project duration: 2020—2021

Data Analysis

Corridor, stopover, and winter range analysis: BBMM
(Sawyer and others, 2009); corridor analysis also used Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

New Mexico | Mule Deer

Models derived from:

» Migration: 160 sequences from 58 individuals
(83 spring sequences, 77 fall sequences)

» Winter: 116 sequences from 57 individuals

Corridor and Stopover Summary

Migration start and end dates (median):

« Spring: April 25 to May 5

* Fall: October 27 to November 7
Average number of days migrating:
 Spring: 15 days

* Fall: 7 days

Migration corridor length:

e Min: 8.02 mi (12.91 km)

e Mean: 18.23 mi (29.34 km)

e Max: 31.07 mi (50.01 km)

Migration corridor area:

e 202,285 acres (81,862 ha) (low use)

e 31,672 acres (12,817 ha) (medium use)
¢ 10,210 acres (4,132 ha) (high use)
 Stopover area: 21,477 acres (8,691 ha)

Winter Range Summary

Winter start and end dates (median):
* November 11 to April 24

« Winter length (mean): 163 days

» Winter range (50 percent contour) area: 38,991 acres

(15,779 ha)

Other Information

Project contact:

 Orrin Duvuvuei (orrin.duvuvuei@dgf.nm.gov),
Deer Program Manager, New Mexico Department
of Game and Fish

Data analyst:

« Craig Reddell, GIS Analyst, New Mexico State
University

[Photograph from Joanna Ennis, New Mexico State University]
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Figure 25. Map showing migration corridors and stopovers of the Book Cliffs mule deer herd.
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Book Cliffs Mule Deer

Framed by Interstate 70 to the south, the Book Cliffs
region is a barren, wild landscape of the Colorado Plateau and
is critical to the survival of wildlife in Utah. The area begins
in the northern desert shrub zone of the Uinta Basin and, to the
south, rises gradually to aspen and fir zones in the Tavaputs
Plateau, averaging 6,000 ft (1,829 m) elevation. The Book
Cliffs mule deer herd uses the roadless backcountry terrain
to migrate annually between their summer and winter ranges
(fig. 25). The Book Cliffs mule deer are summer range limited,
where habitat consists primarily of oak, sagebrush, Douglas
fir, and Utah juniper vegetation types. Areas of high winter use
by the Book Cliffs herd include open pinyon-juniper woodland
and sagebrush (Karpowitz, 1984). Many economic activities
occur within these habitats, such as oil and gas extraction and
cattle grazing (U.S. Department of Agriculture, 2005; Utah
Division of Wildlife Resources, 2020). The Utah Division
of Wildlife Resources collaborates with partners and land
management agencies that make up the patchwork of the Book
Cliffs region to balance mule deer herd and human needs.

Animal Capture and Data Collection

Sample size: 145 adult mule deer (51 males, 94 females)
Relocation frequency: Approximately 1-13 hours
Project duration: 2018—present

Data Analysis

Corridor and stopover analysis: BBMM (Sawyer and
others, 2009); corridor analysis used Fixed Motion Variance
(see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 246 sequences from 145 individuals
(183 spring sequences, 63 fall sequences)
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Route Summary

Migration start and end dates (median):
 Spring: May 4 to May 10

* Fall: October 8 to October 15

Average number of days migrating:
 Spring: 8 days

« Fall: 10 days

Migration corridor length:

e Min: 4.49 mi (7.22 km)

e Mean: 19.99 mi (32.17 km)

e Max: 64.43 mi (103.69 km)

Migration corridor area:

» 879,038 (355,734 ha) (low use)

e 454,262 acres (183,833 ha) (medium use)
165,328 acres (66,905 ha) (high use)
 Stopover area: 164,354 acres (66,511 ha)

Other Information

Project contacts:

* Blair Stringham (blairstringham@utah.gov), Wildlife
Migration Initiative Coordinator, Utah Division of
Wildlife Resources

Data analyst:

* Jessie Shapiro, Wildlife Migration GIS Specialist, Utah
Division of Wildlife Resources

[Photograph from Utah Division of Wildlife Resources]
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Eagle Mountain Mule Deer

Eagle Mountain is located in central Utah on the north-
west side of Utah Lake. In the early 1990s, the area was
relatively undeveloped. Now, there are approximately 30,000
residents, and the population is projected to triple by 2040
(State of Utah, 2014). Prior to 2018, the Utah Division of
Wildlife Resources had a small amount of data, which showed
that mule deer migrated from winter ranges in the Lake
Mountains to summering areas in the Oquirrh Mountains.

The migration crosses State Route 73, which connects

Eagle Mountain, Utah with the suburbs of Salt Lake City. In
December 2018, 38 mule deer were captured and fitted with
GPS tracking devices. Tracking data indicate that there are two
major migration routes in the area (fig. 26): one eastern route
and one western route. The western route crosses State Route
73 at Fivemile Pass in an area with substantial recreational use
but not at risk for development. The eastern migration route
passes through Eagle Mountain in an area that will probably
be developed in the near future. The Utah Division of Wildlife
Resources is working with Eagle Mountain, Utah Department
of Transportation, BLM, the Mule Deer Foundation, and oth-
ers to preserve migration corridors in response to the rapid
changes occurring in the area.

Animal Capture and Data Collection

Sample size: 40 adult mule deer (11 males, 29 females)
Relocation frequency: Approximately 0.5-3 hours
Project duration: 2019—present

Data Analysis

Corridor and stopover analysis: BBMM (Sawyer and
others, 2009); corridor analysis used Fixed Motion Variance
(see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 126 sequences from 40 individuals
(82 spring sequences, 44 fall sequences)

[Photograph from Utah Division of Wildlife Resources]
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Route Summary

Migration start and end dates (median):
* Spring: April 9 to April 19

* Fall: December 6 to December 13
Average number of days migrating:

e Spring: 17 days

* Fall: 13 days

Migration corridor length:

e Min: 4.82 mi (7.76 km)

e Mean: 20.14 mi (32.41 km)

e Max: 34.41 mi (55.38 km)
Migration corridor area:
» 164,508 acres (66,574 ha) (low use)

e 117,641 acres (47,607 ha) (medium use)
35,702 acres (14,448 ha) (high use)
« Stopover area: 44,204 acres (17,888 ha)

Other Information
Project contacts:

57

 Shane Hill (sahill@utah.gov), Habitat/Impact Analysis

Biologist, Utah Division of Wildlife Resources

« Blair Stringham (blairstringham@utah.gov), Wildlife
Migration Initiative Coordinator, Utah Division of

Wildlife Resources
Data analyst:

* Jessie Shapiro, Wildlife Migration GIS Specialist, Utah

Division of Wildlife Resources
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Utah | Mule Deer Migration corridor length:
) + Min: 2.41 mi (3.86 km)

Morgan-South Rich Mule Deer « Mean: 11.69 mi (18.81 km)

The Morgan-South Rich herd is located in northern Utah, * Max:31.64 f_ni (59.92 km)
northeast of Park City, and is made up of nearly 10,000 mule Migration corridor area:
deer (Bernales and others, 2020). From collaring efforts started * 93,562 acres (37,863 ha) (low use)
iq 2020, GPS_ tracking data indicate mule deer m_igrate from « 42,911 acres (17,365 ha) (medium use)
higher elevations in the Wasatch Range to the winter-range )
habitats on the north slopes of Weber River, Lost Creek, and * 13,518 acres (5470 ha) (high use)
Echo Canyon (fig. 27). A detached, smaller wintering area * Stopover area: 24,873 acres (10,065 ha)
lies on the south-facing slopes above Cottonwood Creek.
However, the available area of low-elevation winter habitat Other Information

is severely limited. Mule deer heavily use the lower eleva-
tion habitat types of sagebrush and mountain browse, but in
severe winters, browsing availability is greatly reduced (Utah

Project contacts:
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» Xaela Walden (xwalden@utah.gov), Wildlife Biologist,

Division of Wildlife Resources, 2017). Utah Division of Wildlife Resources

Traditional winter-range habitats are at high risk of * Blair Stringham (blairstringham@utah.gov), Wildlife
habitat loss and degradation, threatened by increasing Migration Initiative Coordinator, Utah Division of
development and urbanization in Morgan Valley and Henefer Wildlife Resources
areas (Utah Division of Wildlife Resources, 2017). In addi- Data analyst:
tion, highway mortality presents a significant concern in this « Jessie Shapiro, Wildlife Migration GIS Specialist, Utah
migration corridor and winter range. Two major interstates, Division of Wildlife Resources

Interstates 80 and 84, form the southwest boundary of this
population and pose a threat to its migratory and wintering
mule deer. Cooperative efforts with the Utah Department of
Transportation are underway to construct highway fences and
wildlife warning signs to allow for safer crossing.

Animal Capture and Data Collection

Sample size: 39 adult mule deer (10 males, 29 females)
Relocation frequency: Approximately 2-12 hours
Project duration: 2020—present

Data Analysis

Corridor and stopover analysis: BBMM (Sawyer and
others, 2009); corridor analysis used Fixed Motion Variance
(see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 42 sequences from 39 individuals
(38 spring sequences, 4 fall sequences)

Route Summary
Migration start and end dates (median):
 Spring: April 29 to May 8
« Fall: February 7 to February 20
Average number of days migrating:
e Spring: 11 days
* Fall: 7 days

[Photograph from Jim Shuler, Utah Division of Wildlife Resources]
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North Slope Mule Deer

Stretching across northeastern Utah along the Utah—
Wyoming border and east to the Colorado state line, the North
Slope herd is home to nearly 5,800 mule deer (Bernales and
others, 2020). The peaks of the Uinta Mountains span the south-
ern border of this region, with elevations ranging from 8,000 ft
(2,438 m) to 13,000 ft (3,658 m), with hundreds of high alpine
lakes scattered between the summits. The North Slope mule
deer herd predominantly migrates east and west, traversing the
northern perimeter of the Uinta Mountains and crossing the
national forest lands (fig. 28). Beginning in 2018, 70 migratory
mule deer have been tracked traveling short distances of almost
3 mi (5 km) to longer stretches of 73 mi (118 km). Seventeen of
the GPS-tracked mule deer migrated from Utah into Wyoming
or Colorado.

Animal Capture and Data Collection

Sample size: 70 adult mule deer (15 males, 55 females)
Relocation frequency: Approximately 2—6 hours
Project duration: 2018—present

Data Analysis

Corridor and stopover analysis: BBMM (Sawyer and
others, 2009); corridor analysis used Fixed Motion Variance
(see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 223 sequences from 70 individuals
(112 spring sequences, 111 fall sequences)

Utah | Mule Deer

Route Summary

Migration start and end dates (median):
 Spring: May 13 to May 27

« Fall: October 11 to October 24

Average number of days migrating:

e Spring: 20 days

* Fall: 12 days

Migration corridor length:

e Min: 2.91 mi (4.68 km)

e Mean: 35.34 mi (56.87 km)

e Max: 73.17 mi (117.75 km)

Migration corridor area:

» 806,634 acres (326,433 ha) (low use)

e 314,623 acres (127,323 ha) (medium use)
e 182,105 acres (73,695 ha) (high use)

* Stopover area: 193,312 acres (78,230 ha)

Other Information

Project contacts:

« Dallon Christensen (dallonchristensen@utah.gov),
Wildlife Biologist, Utah Division of Wildlife
Resources

* Blair Stringham (blairstringham@utah.gov), Wildlife

Migration Initiative Coordinator, Utah Division of
Wildlife Resources

Data analyst:

« Jessie Shapiro, Wildlife Migration GIS Specialist,
Utah Division of Wildlife Resources
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San Juan Mule Deer

The San Juan mule deer reside in the southeast corner of
Utah. The summer range for these mule deer occupies higher
elevations in the Abajo Mountains, and a majority of the deer
migrate to winter ranges at lower elevations in Alkali Point
and Harts Draw areas (fig. 29). Habitat types in the summer
range include conifer, aspen, alpine, and mountain shrubs. The
herd’s winter-range habitats include sagebrush steppe, pinyon-
juniper woodlands, and salt desert shrub that support valuable
browse in mild to moderate winters (Utah Division of Wildlife
Resources, 2015). Highway mortality is a significant concern
in this migration corridor because the mule deer must traverse
two major roads: U.S. Highway 191 and U.S. Route 491.

The Utah Division of Wildlife Resources, Utah Department
of Transportation, San Juan County, Sportsman for Fish and
Wildlife, and others collaborated and determined priorities
for reducing WVC along these stretches of highway. As a
result, six wildlife crossing structures and approximately

7 mi (11 km) of highway fencing have been constructed on
U.S. Highway 191 near Monticello, Utah, allowing for safer
wildlife crossings.

Animal Capture and Data Collection

Sample size: 139 adult mule deer (16 males, 123 females)
Relocation frequency: Approximately 2-13 hours
Project duration: 2016—present

Data Analysis

Corridor and stopover analysis: BBMM (Sawyer and
others, 2009); corridor analysis used Fixed Motion Variance
(see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 465 sequences from 139 individuals

(245 spring sequences, 220 fall sequences)

Utah | Mule Deer

Route Summary

Migration start and end dates (median):

* Spring: April 12 to April 24

« Fall: October 26 to November 22
Average number of days migrating:

e Spring: 16 days

 Fall: 14 days

Migration corridor length:

e Min: 2.29 mi (3.68 km)

e Mean: 16.05 mi (25.83 km)

e Max: 35.23 mi (56.70 km)

Migration corridor area:

* 492,663 acres (199,373 ha) (low use)

e 325,502 acres (131,725 ha) (medium use)
107,030 acres (43,313 ha) (high use)
 Stopover area: 101,611 acres (41,210 ha)

Other Information

Project contacts:

* Blair Stringham (blairstringham@utah.gov), Wildlife
Migration Initiative Coordinator, Utah Division of

Wildlife Resources
Data analyst:

« Jessie Shapiro, Wildlife Migration GIS Specialist,
Utah Division of Wildlife Resources

[Photograph from Utah Division of Wildlife Resources]
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Chelan Mule Deer

The Chelan mule deer herd occupies a mix of private
and public lands from the Columbia River to the crest of
the Cascade Range in central Washington. U.S. Highway 2,
northwest of Wenatchee, Washington, serves as the southern
boundary for this herd, and Lake Chelan bounds the northern
edge. The high-use winter range includes the southeastern
shore of Lake Chelan, the breaks of the Columbia River, the
lower Entiat River drainage, and the foothills east of Cashmere,
Washington. In the spring, migratory individuals travel north-
west into the Entiat and Chelan Mountains to their summer
ranges in regional wilderness areas. A small sample of Chelan
mule deer was captured near the Swakane Wildlife Area in
January 2020 (n = 19 adult females). Thus far, most captured
individuals have been migratory, although some individuals
reside year round in the foothills east of Cashmere and along
the Columbia River (fig. 30). On the winter range, residential
development and disturbance from human recreation continue
to be a concern. Semipermeable barriers to migration include
U.S. Highway 97A, which overlaps the winter range along the
Columbia River, and U.S. Highway 2, which bisects several
individual migration routes.

Animal Capture and Data Collection

Sample size: 19 adult female mule deer
Relocation frequency: 4 hours
Project duration: 2020—present

Data Analysis

Corridor, stopover, and winter range analysis: BBMM
(Sawyer and others, 2009)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 40 sequences from 11 individuals
(21 spring sequences, 19 fall sequences)

* Winter: 35 sequences from 19 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
 Spring: April 18 to May 6
« Fall: October 25 to November 28
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Average number of days migrating:

 Spring: 23 days

* Fall: 22 days

Migration corridor length:

e Min: 8.44 mi (13.58 km)

e Mean: 26.10 mi (42.00 km)

* Max: 39.90 mi (64.22 km)

Migration corridor area:

136,745 acres (55,339 ha) (corridor footprint, greater
than or equal to [>] 1 individual)

 Stopover area: 14,480 acres (5,860 ha)

Winter Range Summary

Winter start and end dates (median):
e November 11 to April 18

* Winter length (mean): 144 days

» Winter range (50 percent contour) area: 14,455 acres
(5,850 ha)

Other Information

Project contacts:

* Emily Jeffreys (Emily.Jeffreys@dfw.wa.gov), District
Wildlife Biologist, Washington Department of Fish
and Wildlife

 Brendan Oates (Brendan.Oates@dfw.wa.gov), Game
Species Data Biologist, Washington Department of
Fish and Wildlife

Data analysts:

» Michel Laforge, Postdoctoral Researcher, University
of Wyoming

 Blake Lowrey, Research Scientist, University of
Wyoming Cooperative Fish and Wildlife Research Unit

 Brendan Oates, Game Species Data Biologist,
Washington Department of Fish and Wildlife

[Photograph from Emily Jeffreys, Washington Department of Fish and Wildlife]
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Wenatchee Mountains Mule Deer

Along the eastern slope of the Cascade Range in Chelan
and Kittitas Counties, the Wenatchee Mountains mule deer
herd inhabits a matrix of private and public lands. Historically,
the Wenatchee Mountains mule deer were separated into two
subherds, Chelan and Kittitas; however, recent movement
data from GPS-collared individuals associated with SO 3362
(U.S. Department of the Interior, 2018) revealed that the
mule deer south of U.S. Highway 2 and north of Interstate 90
represent one population. Their high-use winter range extends
along the foothills west and south of Wenatchee, Washington,
and throughout the foothills of the Kittitas Valley outside
Ellensburg, Washington. Their low-use winter range occurs
along the foothills west of the Columbia River just north of
Interstate 90. In the spring, migratory individuals travel west
into the Wenatchee Mountains to their summer range, which
includes regional wilderness areas (fig. 31).

The Wenatchee Mountains mule deer are partially
migratory; a high proportion of migratory individuals occupy
the northern winter range of the Wenatchee Mountains, and
nonmigratory individuals more commonly inhabit the foothills
of the Kittitas Valley. The increasing frequency of large-scale
wildfires and residential developments continue to degrade
and reduce available winter range. Disturbance from human
recreation on the winter range continues to be a concern.
Semipermeable barriers to spring and fall migration include
U.S. Highway 97 and State Route 970, as both experience
relatively high volumes of traffic in the region.

Animal Capture and Data Collection

Sample size: 100 adult female mule deer
Relocation frequency: 4 hours
Project duration: 2020—present

Data Analysis

Corridor, stopover, and winter range analysis: BBMM
(Sawyer and others, 2009)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 107 sequences from 38 individuals
(59 spring sequences, 48 fall sequences)

» Winter: 146 sequences from 92 individuals

Washington | Mule Deer

Corridor and Stopover Summary

Migration start and end dates (median):
* Spring: April 20 to May 3
« Fall: October 25 to November 18
Average number of days migrating:
e Spring: 18 days
* Fall: 21 days
Migration corridor length:
e Min: 5.84 mi (9.40 km)
¢ Mean: 24.81 mi (39.92 km)
e Max: 50.82 mi (80.79 km)
Migration corridor area:
e 427,681 acres (173,077 ha)
(corridor footprint, > 1 individual)
 Stopover area: 45,071 acres (18,240 ha)

Winter Range Summary

Winter start and end dates (median):
* November 20 to April 19

« Winter length (mean): 154 days

 Winter range (50 percent contour) area: 75,094 acres

(30,389 ha)

Other Information

Project contacts:

 Brendan Oates (Brendan.Oates@dfw.wa.gov), Game
Species Data Biologist, Washington Department of

Fish and Wildlife
Data analysts:

» Michel Laforge, Postdoctoral Researcher, University

of Wyoming
« Blake Lowrey, Research Scientist, University of
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Wyoming Cooperative Fish and Wildlife Research Unit

 Brendan Oates, Game Species Data Biologist,
Washington Department of Fish and Wildlife

[Photograph from Brendan Oates, Washington Department of Fish and Wildlife]
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Jackson Mule Deer

Mule deer within the Jackson segment of the Sublette herd
(fig. 32) winter mainly in the valley and south-facing slopes
of the buttes. These geologic features are characteristic of the
Jackson Hole area near Jackson, Wyoming. Winter ranges in
the Jackson valley are a mixture of national forest public land
as well as private urban and exurban land. The lower eleva-
tion, south-facing hillslopes are typified by stands of Juniperus
scopulorum (Rocky Mountain juniper) or mixed mountain shrub
communities of Artemisia tridentata (mountain big sagebrush),
Artemisia tripartite (three-tip sagebrush), Purshia tridentata
(antelope bitterbrush), Amelanchier alnifolia (Saskatoon
serviceberry), Symphoricarpos albus (common snowberry),
chokecherry, and various grasses and forbs. North-facing slopes
are characterized by a mixture of Douglas fir and quaking aspen.

Half of the individuals originally marked in this study
were migratory, while the other half were residents. Resident
animals in this herd segment often rely on ornamental land-
scaping and other human food sources. During migration,
animals tracked with GPS collars (n = 19 females) traveled
an average one-way distance of nearly 6 mi (10 km), with
some animals migrating more than 17 mi (27 km). This herd
segment, which approximates a few hundred, has a variety
of summer destinations. Most individuals migrate northwest
into Grand Teton National Park and the southern Teton Range.
Some individuals migrate west and southwest near Munger
Mountain. A few mule deer migrate short distances to the hills
near Hoback Junction. Summer ranges in higher elevations
transition to stands of lodgepole pine, Pinus flexilis (limber
pine), Abies lasiocarpa (subalpine fir), and Picea engelmannii
(Engelmann spruce) interspersed with aspen, subalpine mead-
ows, and tall forbs. Willows, Shepherdia canadensis (russet
buffaloberry), Elaeagnus commutate (silverberry), Picea
pungens (blue spruce), Populus balsamifera (balsam poplar),
and Populus angustifolia (narrowleaf cottonwood) dominate
the riparian habitats in this area. Roadways bisect much of the
winter range of this herd segment, causing some animals to
make daily movements across roads during the winter. Teton
County contains one of the highest rates of WVC per mile of
road in Wyoming, and road mortality significantly affects this
population, especially during severe winters.

Since 2017, the Wyoming Department of Transportation
has worked on several road improvements, including multiple
wildlife underpasses and fencing on U.S. Highway 89, because of
rising traffic volumes in the area (Kampschror, 2017). There are
also plans for building future wildlife crossing structures on U.S.
Highway 22 west of Jackson. Increasing residential, recreational,
and urban development in Teton County has encroached on mule
deer winter ranges and migration routes. Future development
of historically open agricultural lands along migration routes is
a concern. Managers are also concerned about rapidly growing
pressures from human recreation and annual invasive grasses on
public lands in important mule deer winter and summer ranges.
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Animal Capture and Data Collection

Sample size: 40 adult female mule deer
Relocation frequency: Approximately 2 hours
Project duration: 2010—2013

Data Analysis

Delineation of migration periods based on plots of NSD
(Bunnefeld and others, 2011) next to maps of individual
trajectories by year

Models derived from:

» Migration: 55 sequences from 19 individuals
(31 spring sequences, 24 fall sequences)

Corridor and Stopover Summary
Migration start and end dates (median):
 Spring: May 7 to May 23
* Fall: November 13 to December 2
Average number of days migrating:
 Spring: 23 days
« Fall: 16 days
Migration corridor length:

e Min: 0.5 mi (1 km)
e Mean: 5.7 mi (9.2 km)
e Max: 17.6 mi (28.3 km)

Other Information

Project contacts:

 Corinna Riginos (corinna.riginos@tnc.org), Director
of Science, The Nature Conservancy Wyoming
Field Office

* Embere Hall (embere.hall@wyo.gov), Science,
Research and Analytical Support Section Supervisor,
Wyoming Game and Fish Department

e Morgan Graham (morgan@tetonconservation.org),
Spatial Data Management, Analysis, and Mapping.
GIS and Wildlife Specialist, Teton Conservation District

 Kevin Krasnow (kevin.krasnow@tetonscience.org),
Graduate Faculty and Research Specialist, Graduate
Program of Teton Science Schools

Data analyst:

 Jerod Merkle, Department of Zoology and Physiology,
University of Wyoming

Reports and publications:

* Riginos, C., Krasnow, K., Hall, E., Graham, M.,
Sundaresan, S., Brimeyer, D., Fralick, G., and Wachob,
D., 2013, Mule deer (Odocoileus hemionus) movement
and habitat use patterns in relation to roadways in north-
west Wyoming: Jackson, Wyo., Conservation Research
Center, Teton Science Schools, 72 p. [Also available at
http://www.corinnariginos.com/resources/MD_Final _
Report_RS03210.pdf.]

[Photograph from Patrick Rodgers, Wyoming Cooperative Fish and Wildlife Research Unit]
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Figure 33. Map showing migration routes of the South Rock Springs mule deer herd.



Wyoming | Mule Deer

South Rock Springs Mule Deer

The South Rock Springs mule deer herd lives year round
in the Greater Little Mountain Ecosystem in southwestern
Wyoming, an arid landscape where desert badlands give way
to aspen and mountain shrub communities at higher eleva-
tions. Approximately 4,000 mule deer occupy this landscape,
which is one of the least developed in Wyoming. Likely
owing to its aridity and lack of strong elevational gradients
and high mountains, mule deer migrations in this herd are less
pronounced and less structured than elsewhere in Wyoming.
Instead of all animals congregating in a common winter range
and following a shared narrow corridor to their summer range,
mule deer in this herd migrate diversely. Some animals winter
near Flaming Gorge Reservoir and then head east into the
forested habitat of Little Mountain, while other animals winter
farther east and migrate in all directions (fig. 33). Migrations
tend to be relatively short for mule deer, averaging 10 mi
(17 km). A few animals make longer movements south into
Utah. The herd is threatened by competition from a growing
elk population and ongoing risk of oil and gas development,
which would fragment this otherwise intact landscape.

Animal Capture and Data Collection

Sample size: 112 adult female mule deer
Relocation frequency: Approximately 1 hour
Project duration: 2015-2019

Data Analysis

Delineation of migration periods: NSD (Bunnefeld and
others, 2011)
Models derived from:

» Migration: 135 sequences from 62 individuals
(86 spring sequences, 49 fall sequences)

* Winter: 99 sequences from 66 individuals

Corridor and Stopover Summary

Migration start and end dates (median):
 Spring: May 2 to May 7
* Fall: November 9 to November 11

Wyoming | Mule Deer n

Average number of days migrating:
 Spring: 8 days

* Fall: 7 days

Migration corridor length:

e Min: 3.97 mi (6.39 km)

e Mean: 10.28 mi (16.55 km)
¢ Max: 28.01 mi (45.08 km)

Winter Range Summary

Winter start and end dates (median):
* November 3 to May 2

 Winter length (mean): 223 days

Other Information

Project contacts:

» Kevin Monteith (kevin.monteith@uwyo.edu),
Associate Professor, University of Wyoming

 Sean Yancey (sean.yancey@wyo.gov), Regional
Wildlife Coordinator, Wyoming Game and Fish
Department

Data analyst:

* Julien Fattebert, Department of Zoology and
Physiology, University of Wyoming

Reports and publications:

* Huggler, K., 2019, Eye for an eye—Predator-
prey dynamics from the lens of both predator and
prey: Laramie, Wyo., University of Wyoming,
M.S. thesis, p. 1-102.

Huggler, K.S., Holbrook, J.D., Burke, P.W., Zornes, M.,
Thompson, D.J., Clapp, J.G., Lionberger, P., Valdez,
M., and Monteith, K.L., 2022, Risky business—How
a herbivore navigates spatiotemporal aspects of risk
from competitors and predators: Ecological Society of
America, Ecological Applications, 2648, 17 p. [Also
available at https://doi.org/10.1002/eap.2648.]

[Photograph from Katey Huggler, Wyoming Cooperative Fish and
Wildlife Research Unit]
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Figure 34. Map showing migration corridor footprint, stopovers, and winter ranges of the Selkirk white-tailed deer herd.



Washington | White-Tailed Deer
Selkirk White-Tailed Deer

The Selkirk White-Tailed Deer Management Zone
(WDMZ) is home to the largest population of white-tailed deer
in Washington and consists of seven GMUs (105, 108, 111,
113, 117, 121, and 124) located in northeastern Washington.
Aside from the southern portion of GMU 124, which is
dominated by the metropolitan area of Spokane, Washington,
most of these GMUSs have similar rural characteristics. Private
landowners manage most of the Selkirk WDMZ (77 percent)
and use it primarily for commercial timber harvest. The
FS manages 16 percent of the land, and the U.S. Fish and
Wildlife Service, Department of Natural Resources, and BLM
manage the remaining 7 percent. White-tailed deer used in this
analysis were captured on their winter range in GMUs 117
and 121 (fig. 34), where the habitat consists of conifer forest
(65 percent of the total land cover within the area) and shrub
land. Grassland, pasture, and cultivated crops make up the next
highest land cover types (altogether comprising nearly 21 per-
cent of the Selkirk WDMZ). Agriculture in the valley supports
high densities of deer adjacent to U.S. Highway 395, which
bisects the Selkirk WDMZ from north to south. This white-
tailed deer population experiences some of the highest rates
of deer-vehicle collisions in the state (Myers and others 2008;
G. Kalisz, Washington Department of Transportation, written
commun.). Currently, there are no crossing mitigations in place
along U.S. Highway 395 or State Route 20 to curtail collisions
with wildlife. Other wildlife-human management challenges
for this herd include mitigating crop damage complaints, maxi-
mizing hunting opportunity, and encroaching human develop-
ment on the deer’s winter range.

Animal Capture and Data Collection
Sample size: 126 adult female white-tailed deer
Relocation frequency: 4 hours
Project duration: 2017-2022

Data Analysis

Corridor, stopover, and winter range analysis: BBMM
(Sawyer and others, 2009)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

e Migration: 121 sequences from 43 individuals
(72 spring sequences, 49 fall sequences)

» Winter: 149 sequences from 94 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
 Spring: April 23 to April 26
o Fall: December 26 to January 1
Average number of days migrating:
 Spring: 6 days
* Fall: 6 days

Washington | White-Tailed Deer 13

Migration corridor length:
e Min: 2.32 mi (3.73 km)

* Mean: 8.36 mi (13.46 km)

e Max: 21.38 mi (34.41 km)

Migration corridor area:

* 289,626 acres (117,208 ha)
(corridor footprint, > 1 individual)

* Stopover area: 32,864 acres (13,300 ha)

Winter Range Summary

Winter start and end dates (median):
« January 31 to April 23

* Winter length (mean): 58 days

« Winter range (50 percent contour) area: 75,662 acres
(30,619 ha)

Other Information

Project contacts:

* Melia DeVivo (Melia.Devivo@dfw.wa.gov), Ungulate
Research Scientist, Washington Department of Fish
and Wildlife

* Annemarie Prince (Annemarie.Prince@dfw.wa.gov),
Wildlife Biologist, Washington Department of Fish
and Wildlife

e Benjamin Turnock (Benjamin.Turnock@dfw.wa.gov),
Wildlife Biologist, Washington Department of Fish
and Wildlife

Data analysts:

» Michel Laforge, Postdoctoral Researcher, University
of Wyoming

 Blake Lowrey, Research Scientist, University of
Wyoming Cooperative Fish and Wildlife Research Unit

Reports and publications:

 Wiashington Department of Fish and Wildlife, 2010,
Washington state deer management plan—White-tailed
deer: Olympia, Wash., Wildlife Program, Washington
Department of Fish and Wildlife, 119 p. [Also available

at https://wdfw.wa.gov/sites/default/files/publications/
00497/wdfw00497.pdf.]

» Wiashington Department of Fish and Wildlife, 2021,
2021 Game status and trend report: Olympia, Wash.,
Wildlife Program, Washington Department of Fish and
Wildlife, 407 p. [Also available at https://wdfw.wa.gov/
sites/default/files/publications/02298/wdfw02298.pdf.]

[Photograph from Tri-County Economic Development District]
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Figure 35. Map showing migration corridors and winter range of the Big Lake pronghorn herd.
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Big Lake Pronghorn

The Big Lake pronghorn herd resides in the White
Mountains of eastern Arizona within GMU 1 (fig. 35). The
herd begins spring migration mid-March, crossing the Little
Colorado River approximately 4 mi (6 km) north of River
Reservaoir, to their high-elevation summer range. The summer
range consists primarily of high-elevation grasslands and large
alpine meadows near Big Lake. Some individuals continue
several miles farther south to summer near Middle Mountain.
Fall migration occurs in early to mid-October, when the herd
moves north to low-elevation grassland habitats west of Eagar,
Avrizona. The primary threat to this migration corridor is State
Route 260, which experiences high traffic volume and requires
crossing for pronghorn to access seasonal ranges.

Animal Capture and Data Collection

Sample size: 8 adult female pronghorn
Relocation frequency: Approximately 2—4 hours
Project duration: 20132015

Data Analysis

Corridor and winter range analysis: BBMM (Sawyer and
others, 2009); corridor and winter range analysis used Fixed
Motion Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 22 sequences from 8 individuals
(9 spring sequences, 13 fall sequences)

* Winter: 14 sequences from 8 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
 Spring: March 21 to March 26
* Fall: October 2 to October 14
Average number of days migrating:
 Spring: 7 days
* Fall: 15 days
Migration corridor length:

e Min: 11.23 mi (18.07 km)

e Mean: 16.84 mi (27.10 km)

e Max: 29.78 mi (47.93 km)
Migration corridor area:

e 74,229 acres (30,039 ha) (low use)
e 41,488 acres (16,790) (medium use)

Arizona | Pronghorn 15

Winter Range Summary

Winter start and end date (median):
 October 5 to March 21

» Winter length (mean): 176 days

« Winter range (50 percent contour) area: 27,848 acres
(11,270 ha)

Other Information

Project contacts:

+ Jeff Gagnon (jgagnon@azgfd.gov), Wildlife Specialist
Regional Supervisor, Arizona Game and Fish
Department

 Rick Langley (rlangley@azgfd.gov), Wildlife Program
Manager, Arizona Game and Fish Department

Data analyst:

* Lucas Olson, Cooperative Mule Deer Biologist, Mule
Deer Foundation/Arizona Game and Fish Department

[Photograph from George Andrejko, Arizona Game and Fish Department]
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Shotgun Valley Pronghorn

The Shotgun Valley pronghorn population totals approxi-
mately 300 animals. Summer range distributions are largely
east and north of Dubois, Idaho, ranging from the Camas Creek
watershed to Shotgun Valley (fig. 36). These pronghorn winter
in and around Dubois and Hamer, Idaho, often becoming depen-
dent on haystacks as a food source once snow accumulations
reach moderate levels. In winters with average snow accumula-
tions, Shotgun Valley pronghorn often use railroad tracks as
travel corridors and sleeping or loafing locations. Several colli-
sions between pronghorn and trains have occurred in the past,
with multiple collisions killing up to 100 pronghorn each (Bodie
and others, 1979; ldaho Department of Fish and Game, unpub.
data). Interstate 15 has a woven-wire right-of-way fence that
restricts this herd to suboptimal winter habitat east of the inter-
state. Historically, these animals would have continued their
fall migrations to the west and wintered in the desert areas near
Mud Lake, Idaho. Shotgun Valley pronghorn face a number of
challenges during their seasonal movements including numer-
ous fences that decrease landscape permeability, the loss of
native range, and seasonal range restrictions.

Animal Capture and Data Collection

Sample size: 15 adult female pronghorn
Relocation frequency: Approximately 4—6 hours
Project duration: January 2020-December 2021

Data Analysis

Migration and stopover analysis: BBMM (Sawyer
and others, 2009)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 26 sequences from 15 individuals
(15 spring sequences, 11 fall sequences)

Migration and Stopover Summary
Migration start and end date (median):
 Spring: April 19 to May 12
* Fall: October 8 to October 18
Average number of days migrating:

e Spring: 24 days

« Fall: 9 days

Migration length:

e Min: 13.0 mi (20.9 km)

¢ Mean: 36.6 mi (58.9 km)
e Max: 65.1 mi (104.8 km)

[Photographs from Idaho Department of Fish and Game]
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Migration area:

» 434,063 acres (175,659 ha) (one individual)
e 234,730 acres (94,992 ha) (medium use)

e 102,230 acres (41,371 ha) (high use)

« Stopover area: 18,352 acres (7,427 ha)

Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

* Curtis Hendricks (curtis.hendricks@idfg.idaho.gov),
Regional Wildlife Manager, Idaho Department of
Fish and Game

» Jacob Gray (jacob.gray@idfg.idaho.gov),
Environmental Staff Biologist, [daho Department of
Fish and Game

e Matt Pieron (matt.pieron@idfg.idaho.gov), Mule
Deer Initiative Coordinator, Idaho Department of
Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

* Robert Ritson (robert.ritson@idfg.idaho.gov), Associate
Research Scientist, Wyoming Cooperative Fish and
Wildlife Research Unit, University of Wyoming

Reports and publications:

* Hurley, M.A,, and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Mosby, C., Ellstrom, M., Roche, E., Elmer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY 20.pdf.]



mailto:shane.ro​berts@idfg​.idaho.gov
mailto:mark.h​urley@idfg​.idaho.gov
mailto:curtis.hend​ricks@idfg​.idaho.gov
mailto:jacob.gray@idfg.idaho.gov
mailto:matt.p​ieron@idfg​.idaho.gov
mailto:scott.b​ergen@idfg​.idaho.gov
mailto:robert.r​itson@idfg​.idaho.gov
https://collaboration.idfg.idaho.gov/WildlifeTechnicalReports/F19AF00856%20Statewide%20Wildlife%20Research%20Final%20Report%20FY20.pdf
https://collaboration.idfg.idaho.gov/WildlifeTechnicalReports/F19AF00856%20Statewide%20Wildlife%20Research%20Final%20Report%20FY20.pdf
https://collaboration.idfg.idaho.gov/WildlifeTechnicalReports/F19AF00856%20Statewide%20Wildlife%20Research%20Final%20Report%20FY20.pdf
https://collaboration.idfg.idaho.gov/WildlifeTechnicalReports/F19AF00856%20Statewide%20Wildlife%20Research%20Final%20Report%20FY20.pdf
https://collaboration.idfg.idaho.gov/WildlifeTechnicalReports/F19AF00858%20Statewide%20Surveys%20%20Inventory%20Final%20Report%20FY20.pdf
https://collaboration.idfg.idaho.gov/WildlifeTechnicalReports/F19AF00858%20Statewide%20Surveys%20%20Inventory%20Final%20Report%20FY20.pdf
https://collaboration.idfg.idaho.gov/WildlifeTechnicalReports/F19AF00858%20Statewide%20Surveys%20%20Inventory%20Final%20Report%20FY20.pdf
https://collaboration.idfg.idaho.gov/WildlifeTechnicalReports/F19AF00858%20Statewide%20Surveys%20%20Inventory%20Final%20Report%20FY20.pdf

18

Ungulate Migrations of the Western United States, Volume 3

~106°40° ~106°30° ~106°20° -106°10' -106° ~105°50 ~105°40
I I VN \ \ﬂ I I
/ i \ @ :
Ry ‘\4 M N North Central
Q » \ \ ~hara (30 Pronghorn
f ‘ Sanford EXPLANATION
285)

[ Low use corridor

(%4 w [ Medium use corridor
¢ S— Romeo,/| Manassa I High use corridor
37°10 ® ' (14
(G I COLORADO
2 z .
o) tudy
) area
<
@ Q Antonito . /"' 8 3
Con, ‘ : T | NEWMEXICO |3
< [=
Ty
o \/‘ -
3 SO o __ . ___\ COLORADO /|
</ -~ NEW MEXICO
i /\/ Rio de /0 Pinos | 7 -
RRuces X /‘/ PR S
BASIN/ ¢ S &)

WILDERNESS

36°50' —

Summer
Range

JICQRILLA
APACHE/ NATION
RESERVATION ¢

36°40'

EXPLANATION

N
—— Il Stopovers T
I Winter range

Corridor footprint

.
.
o

5 10

36°20" 15 MILES .

0 5 10 15KILOMETERS

Is ) A |

San’Antonio
Mountain

\ _/vRIO GRANDE DEL NORTE
A : NATIONAL MONUMENT

AN
-~ Taos™
[~ Winter.
4 Range

N\

TAOS
PUEBLO|

Base from ESRI and U.S. Geological Survey digital data, 2019

IISIMILES

Universal Transverse Mercator projection, zone 13N
North American Datum of 1983

o T—o

Figure 37.

T T
5 10 15 KILOMET

ERS

Map showing migration corridors, stopovers, and winter ranges of the North Central pronghorn herd.



New Mexico | Pronghorn

North Central Pronghorn

The North Central pronghorn herd is the only known
consistently migratory pronghorn herd in New Mexico and
is one of the few pronghorn herds in the west that migrate to
higher elevations in the summer (from 7,400 ft [2,256 m] to
10,800 ft [3,292 m]; fig. 37). Their winter range includes pri-
marily sagebrush steppe and stretches across the Rio Grande
del Norte National Monument from the Rio Grande to the base
of the San Juan Mountains. The pronghorn follow two primary
migration corridors: a northern corridor that follows the Rio
San Antonio southwest of the Pinabetal Mesa and a southern
corridor that follows the arroyos southwest of San Antonio
Mountain to Little Tusas Creek. As their migration continues
west and overlaps with the San Antonio elk herd, the prong-
horn travel through conifer, deciduous, and mixed forests
interspersed with shrublands. High-elevation summer range
for North Central pronghorn consists of montane meadows,
particularly along the Rio Brazos.

Some of the herd crosses U.S. Highway 285 during
migration, probably facilitated by the lay-down fence removed
for the winter months and does not impede animal movement.
Migration routes to higher elevations tend to occur in areas
with sparse, woody plant cover; increased canopy cover and
woody plant encroachment could affect pronghorn migrations
in the future. Fence modifications are ongoing on BLM lands
to facilitate pronghorn movements and use of the landscape.

Animal Capture and Data Collection

Sample size: 39 adult pronghorn (3 males, 36 females)
Relocation frequency: Approximately 2—12 hours
Project duration: 2019-2021

Data Analysis

Corridor, stopover, and winter range analysis: BBMM
(Sawyer and others, 2009); corridor analysis used Fixed Motion
Variance (see appendix 1 for further description)

Delineation of migration periods: NSD (Bunnefeld and
others, 2011)

Phetograph frem Orrin Duvuvuet, New Mesdeo Department of Game and Fshl
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Models derived from:

» Migration: 60 sequences from 24 individuals (27 spring
sequences, 33 fall sequences)

» Winter: 38 sequences from 23 individuals

Corridor and Stopover Summary
Migration start and end dates (median):
 Spring: April 17 to May 10
* Fall: September 27 to October 14
Average number of days migrating:
 Spring: 25 days
* Fall: 14 days
Migration corridor length:
e Min: 4.02 mi (6.47 km)
e Mean: 15.45 mi (24.86 km)
* Max: 23.26 mi (37.44 km)
Migration corridor area:
e 154,042 acres (62,339 ha) (low use)
» 55,573 acres (22,490 ha) (medium use)
e 23,203 acres (9,390 ha) (high use)
« Stopover area: 15,691 acres (6,350 ha)

Winter Range Summary

Winter start and end dates (median):
» September 15 to April 22

« Winter length (mean): 205 days

* Winter range (50 percent contour) area: 114,185 acres
(46,209 ha)

Other Information

Project contacts:

* Nicole Tatman (Nicole. Tatman@dgf.nm.gov), Big
Game Program Manager, New Mexico Department of
Game and Fish

Data analyst:

 Craig Reddell, GIS Analyst, New Mexico State
University
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Figure 38. Map showing migration routes of the Medicine Bow Pronghorn.
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Medicine Bow Pronghorn

The Medicine Bow pronghorn population is one of the
largest herds in the United States with an estimated popula-
tion of 38,400 animals. The herd summers in the sagebrush

steppe and grasslands of Shirley Basin, north of Medicine Bow,
Wyoming (fig. 38). Most pronghorn migrate either west to the

southern edge of the Seminoe Reservoir or north to Bates Hole,
an area south of Casper, Wyoming. During harsh winters, some

pronghorn migrate 65—75 miles (105-121 km) as far west as

Rawlins, Wyoming. The Shirley Basin is a mostly intact land-
scape that is dominated by private lands, with only limited pub-
lic lands along some foothill habitats. During the early 2000s,
several large wind energy facilities were developed; some are in
high-use migration corridors and in areas designated as crucial

pronghorn winter range. The effects of wind energy develop-

ment on pronghorn are not well understood, but recent research

in Shirley Basin revealed wind energy development causes

pronghorn to avoid some preferred habitats. U.S. Highways 30

and 287 and Interstate 80 seemingly bound the movement of

these pronghorn to the south. Other challenges Medicine Bow

pronghorn face are crossing U.S. Highway 487 and miles of
fencing, which can often be a barrier to movement.

Animal Capture and Data Collection

Sample size: 123 adult female pronghorn
Relocation frequency: Approximately 2 hours
Project duration: 2018-2021

Data Analysis

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)
Models derived from:

* Migration: 411 sequences from 123 individuals
(138 spring sequences, 156 fall sequences, 66 early
winter sequences, 51 late winter sequences)

Corridor and Stopover Summary
Migration start and end dates (median):
 Spring: April 5 to April 15
* Fall: October 26 to October 31
 Early winter: November 24 to December 1
* Late winter: March 25 to March 30
Average number of days migrating:
 Spring: 10 days
* Fall: 9 days
* Early winter: 7 days
 Late winter: 10 days

[Photograph from Emily Reed, Wyoming Migration Initiative]

Wyoming | Pronghorn 81

Migration corridor length:
e Min: 2.7 mi (4.3 km)

e Mean: 28.4 mi (45.6 km)
e Max: 75.4 mi (121.4 km)

Other Information

Project contacts:

 Matthew Kauffman (mkauffml@uwyo.edu), U.S.
Geological Survey, Wyoming Cooperative Fish and
Wildlife Research Unit, Department of Zoology and
Physiology, University of Wyoming

* Martin Hicks (martin.hicks@wyo.gov), Wildlife
Coordinator, Laramie Region, Wyoming Game and
Fish Department

» Embere Hall (embere.hall@wyo.gov), Science,
Research and Analytical Support Section Supervisor,
Wyoming Game and Fish Department

Data analyst:

e Cody Wallace, Graduate Research Assistant, WWyoming
Cooperative Fish and Wildlife Research Unit,
Department of Zoology and Physiology, University
of Wyoming

Reports and publications:

e Milligan, M.C., Johnston, A.N., Beck, J.L., Smith,
K.T., Taylor, K.L., Hall, E., Knox, L., Cufaude, T.,
Wallace, C., Chong, G., and Kauffman, M.J., 2021,
Variable effects of wind-energy development on
seasonal habitat selection of pronghorn: Ecosphere,
v. 12, no. 12, e03850, 19 p. [Also available at
https://doi.org/10.1002/ecs2.3850.]

* Smith, K.T., Taylor, K.L., Albeke, S.E. and Beck, J.L.,
2020, Pronghorn winter resource selection before
and after wind energy development in south-central
Wyoming: Rangeland Ecology & Management, v. 73,
no. 2, p. 227-233. [Also available at https://doi.org/
10.1016/j.rama.2019.12.004.]


mailto:mkauffm1@uwyo.edu
mailto:martin.hicks@wyo.gov
mailto:embere.hall@wyo.gov
https://doi.org/10.1002/ecs2.3850
https://doi.org/10.1016/j.rama.2019.12.004
https://doi.org/10.1016/j.rama.2019.12.004
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Figure 39. Map showing annual ranges of the Marble Mountain elk herd.



California | Elk
Marble Mountain Elk

Little information exists regarding demographic rates
and abundance of elk in the Marble Mountains in California.
In the early 1990s and 2000s, elk were reintroduced from
Oregon into the Marble Mountain, California area (CDFW,
2018). Since then, elk have been reintroduced throughout
much of the area, but GPS collar data and information on
movement are limited. EIk were collared from 2006 to 2013
to examine home-range use. Ongoing research that began in
2021 is examining how fire affects elk occupancy in the area.
Data collection for this work was completed in 2021 and data
interpretation and analysis continues. Based on resulting GPS
location data, elk were separated into three distinct subherds
(north: Ukonom, central: Wooley Creek, and south: South
Fork) because of nonoverlapping GPS data points within
these areas (fig. 39). The Marble Mountain elk do not migrate
between traditional summer and winter seasonal ranges.
Instead, the herd contains short-distance, elevation-based
migrants displaying a nomadic migratory tendency to move up
or down elevational gradients. Some elk used higher eleva-
tion areas throughout the summer, though this pattern was
not ubiquitous. Therefore, annual home ranges were modeled
using year-round GPS data to demarcate high-use areas in lieu
of modeling the specific winter ranges commonly seen in other
ungulate analyses in California. More GPS collars are being
deployed within this elk population in collaboration with the
Karuk Tribe, but these data are not included here.

Animal Capture and Data Collection

Sample size: 14 adult elk (3 males, 11 females)
Relocation frequency: Approximately 2—10 hours
Project duration: 2006—2013

California | Elk 83

Data Analysis

Annual range analysis: BBMM (Sawyer and others, 2009)
Models derived from:

* Annual Range: 12 sequences from 11 individuals

Annual Use Summary

« Annual range (50 percent contour) area: 39,273 acres
(15,893.5 ha)

» Annual range (99 percent contour) area: 77,908 acres
(31,528.3 ha)

Other Information

Project contacts:

* Julie Garcia (Julie.Garcia@wildlife.ca.gov), Deer
Biologist, California Department of Fish and Wildlife

e Erin Zulliger (Erin.Zulliger@wildlife.ca.gov), Elk
Biologist, California Department of Fish and Wildlife

e Axel Hunnicutt (Michael.Hunnicutt@wildlife.ca.gov),
Wildlife Biologist, California Department of Fish
and Wildlife

Data analyst:

» Evan Greenspan, Senior GIS Analyst, California
Department of Fish and Wildlife

Reports and publications:

* California Department of Fish and Wildlife [CDFW],
2018, Elk conservation and management plan:
Sacramento, Calif., California Department of Fish and
Wildlife, 481 p.

[Photograph from California Department of Fish and Wildlife]


mailto:Julie.Ga​rcia@wildl​ife.ca.gov
mailto:Erin.Zull​iger@wildl​ife.ca.gov
mailto:Michael.Hunni​cutt@wildl​ife.ca.gov
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Figure 40.

Map showing migration routes and stopovers of the Black Prince-Slate Creek elk herd.



Idaho | Elk
Black Prince-Slate Creek Elk

Black Prince-Slate Creek elk winter north of the Saint Joe
River, close to Erlmo, Idaho (fig. 40). The habitat is primarily
mixed-conifer forest with agriculture in the valley. Much of
their winter-range habitat lies on private timber company lands
on south-facing slopes that were recently logged (Ellstrom and
others, 2020). The Black Prince-Slate Creek elk migrate to
FS lands in the spring and summer. They travel north—northeast
and summer on the south side of the Saint Joe Divide, the
divide between the Coeur d’Alene River and Saint Joe River
drainages. On average, these elk migrate more than 9 mi
(15 km) between their summer and winter ranges.

Animal Capture and Data Collection

Sample size: 17 adult female elk
Relocation frequency: Approximately 12.5-23.5 hours
Project duration: April 2015-September 2019

Data Analysis

Migration and stopover analysis: of 34 individual seasonal
migrations, 17 used Fixed Motion Variance (3,281 ft [1,000 m];
see appendix 1 for further description) with a 14-hour time
lag; 17 used Fixed Motion Variance (3,281 ft [1,000 m]) with a
27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld and
others, 2011)

Models derived from:

» Migration: 34 sequences from 17 individuals
(22 spring sequences, 12 fall sequences)

Migration and Stopover Summary
Migration start and end dates (median):
 Spring: May 7 to May 29
* Fall: October 21 to December 12
Average number of days migrating:

e Spring: 11 days

« Fall: 25 days
Migration length:

e Min: 1.7 mi (2.7 km)

e Mean: 9.2 mi (14.8 km)

e Max: 22.2 mi (35.7 km)
Migration area:
106,083 acres (42,930 ha) (one individual)

e 50,949 acres (20,618 ha) (medium use)
16,035 acres (6,489 ha) (high use)
* Stopover area: 5,780 acres (2,339 ha)

[Photograph from Idaho Department of Fish and Game]
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Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

 Laura Wolf (laura.wolf@idfg.idaho.gov), Regional
Wildlife Biologist, Idaho Department of Fish and Game

 Barb Moore (barb.moore@idfg.idaho.gov), Regional
Wildlife Biologist, Idaho Department of Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

* Robert Ritson (robert.ritson@idfg.idaho.gov), Associate
Research Scientist, Wyoming Cooperative Fish and
Wildlife Research Unit, University of Wyoming

Reports and publications:

* Hurley, M.A,, and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%?2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY 20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Moshy, C., Ellstrom, M., Roche, E., Elmer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY20.pdf.]
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Idaho | Elk
North Fork of St. Joe River Elk

North Fork of St. Joe River elk winter on the brushy,
south-facing slopes near Avery, approximately 35 mi (56 km)
east of Saint Maries, ldaho, between Slate Creek and the
North Fork Saint Joe River (fig. 41). They migrate north—
northeast and summer in mixed-conifer forests near the border
of Montana and sometimes migrate as far as Interstate 90 in
Montana. This elk population has the longest known migration
in the Idaho panhandle, migrating an average of 16 mi (26 km)
between the winter and summer ranges. The North Fork of
St. Joe River elk population, part of GMUs 6 and 7, declined
by more than half in 2009-2020 (Ellstrom and others, 2020).
Interstate 90 may constrict migration distances, but seasonal
routes are probably not affected as the migrations occur almost
solely on public FS lands.

Animal Capture and Data Collection

Sample size: 35 adult female elk
Relocation frequency: Approximately 12.5-23.5 hours
Project duration: March 2015-October 2019

Data Analysis

Migration and stopover analysis: of 104 individual
seasonal migrations, 33 used Fixed Motion Variance (3,281 ft
[1,000 m]; see appendix 1 for further description) with a
14-hour time lag; 71 used Fixed Motion Variance (3,281 ft
[1,000 m]) with a 27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

* Migration: 104 sequences from 35 individuals
(61 spring sequences, 43 fall sequences)

Migration and Stopover Summary
Migration start and end date (median):
 Spring: April 24 to May 11
« Fall: October 12 to November 15
Average number of days migrating:

e Spring: 20 days

« Fall: 30 days
Migration length:

e Min: 2.3 mi (3.7 km)

e Mean: 16.0 mi (25.7 km)

e Max: 31.8 mi (51.2 km)
Migration area:
* 194,635 acres (78,766 ha) (low use; >2 individuals)

e 89,112 acres (36,062 ha) (medium use; 10-20 percent)
33,389 acres (13,512 ha) (high use; >20 percent)
* Stopover area: 13,770 acres (5,573 ha)

Idaho | Elk 87

Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

e Laura Wolf (laura.wolf@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

 Barb Moore (barb.moore@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

 Robert Ritson (robert.ritson@idfg.idaho.gov),
Associate Research Scientist, Wyoming Cooperative
Fish and Wildlife Research Unit, University
of Wyoming

Reports and publications:

* Hurley, M.A,, and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%?2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY 20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Moshy, C., Ellstrom, M., Roche, E., Elmer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY20.pdf.]

[Photograph from Idaho Department of Fish and Game]
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Idaho | Elk
Rochat Creek-Ahrs Creek Elk

Rochat Creek-Ahrs Creek elk winter north of Saint Joe
River, approximately 7 mi (11 km) east of Saint Maries, ldaho
(fig. 42). The habitat is primarily mixed-conifer forest with
agriculture in the valley. Much of the herd’s winter-range
habitat lies on private timber company lands on south-facing
slopes that were recently logged (Ellstrom and others, 2020).
Most elk in this population migrate north and summer on the
south side of the Saint Joe Divide. A few individuals continue
north to the South Fork Coeur d’Alene River drainage, while
others migrate south of the Saint Joe River. On average, these
elk migrate almost 8 mi (13 km) between their summer and
winter ranges. Rochat Creek-Ahrs Creek elk summer on a
mix of BLM, FS, and private timber company lands. Land use
(logged compared to unlogged) likely affects seasonal migra-
tion routes and seasonal ranges.

Animal Capture and Data Collection

Sample size: 16 adult female elk
Relocation frequency: Approximately 12.5-23.5 hours
Project duration: June 2015-December 2019

Data Analysis

Migration and stopover analysis: of 39 individual sea-
sonal migrations, 24 used Fixed Motion Variance (3,281 ft
[1,000 m]; see appendix 1 for further description) with a
14-hour time lag; 15 used Fixed Motion Variance (3,281 ft
[1,000 m]) with a 27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 39 sequences from 16 individuals
(23 spring sequences, 16 fall sequences)

Migration and Stopover Summary
Migration start and end dates (median):
 Spring: May 20 to June 2
« Fall: October 31 to November 8
Average number of days migrating:

e Spring: 10 days
* Fall: 12 days
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Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

 Laura Wolf (laura.wolf@idfg.idaho.gov), Regional
Wildlife Biologist, Idaho Department of Fish and Game

 Barb Moore (barb.moore@idfg.idaho.gov), Regional
Wildlife Biologist, Idaho Department of Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

 Robert Ritson (robert.ritson@idfg.idaho.gov), Associate
Research Scientist, Wyoming Cooperative Fish and
Wildlife Research Unit, University of Wyoming
Reports and publications:

* Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game, 62 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00856%20Statewide
%20Wildlife%20Research%20Final%20Report%
20FY20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Moshy, C., Ellstrom, M., Roche, E., Elmer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20
Statewide%20Surveys%20%20Inventory%20Final
%20Report%20FY20.pdf.]

Migration length:
e Min: 1.2 mi (1.9 km)

e Mean: 7.8 mi (12.6 km)

e Max: 19.4 mi (31.2 km)
Migration area:
e 113,344 acres (45,869 ha) (one individual)

e 38,912 acres (15,747 ha) (medium use)
e 7,311 acres (2,959 ha) (high use)
* Stopover area: 7,999 acres (3,237 ha)

[Phettograph from Department of Fish and Game]
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Figure 43. Map showing migration routes and stopovers of the Sand Creek elk herd.
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Sand Creek Elk

Approximately 4,500 elk from the Island Park population

winter in the gentle, rolling terrain surrounding Sand Creek
(this area is regionally known as the Sand Creek Desert)
(fig. 43). In spring, the Sand Creek elk herd migrates to their
summer range in GMUs 60, 61, and 62A. Winter restrictions
on human entry across much of the area provide elk with
undisturbed access to high-quality sage-steppe habitats.
Sagebrush and bitterbrush with herbaceous understory are
interspersed with stands of juniper, chokecherry, and other
shrub species. Douglas fir and lodgepole pine communities
are common in migratory habitats along Big Bend Ridge as

elevation increases north of Sand Creek. Two main challenges

these elk face during migration include an extensive network
of fencing and traffic on U.S. Highway 20.

Animal Capture and Data Collection

Sample size: 18 adult female elk
Relocation frequency: 4—23.5 hours
Project duration: April 2011-February 2020

Data Analysis

Migration and stopover analysis: of 45 individual sea-
sonal migrations, 1 used BBMM (Sawyer and others, 2009)
with an 8-hour time lag; 23 used Fixed Motion Variance
(3,281 ft [1,000 m]; see appendix 1 for further description)
with a 14-hour time lag; 21 used Fixed Motion Variance
(3,281 ft [1,000 m]) with a 27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 45 sequences from 18 individuals
(28 spring sequences, 17 fall sequences)

Migration and Stopover Summary
Migration start and end dates (median):
* Spring: April 6 to May 12
* Fall: November 7 to December 18
Average number of days migrating:
 Spring: 34 days
* Fall: 35 days
Migration length:
e Min: 29.5 mi (47.5 km)
e Mean: 61.3 mi (98.7 km)
e Max: 138.8 mi (223.4 km)
Migration area:
» 1,019,222 acres (412,465 ha) (one individual)
e 453,481 acres (183,517 ha) (medium use)
» 138,420 acres (56,017 ha) (high use)
« Stopover area: 57,817 acres (23,398 ha)
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Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

 Curtis Hendricks (curtis.hendricks@idfg.idaho.gov),
Regional Wildlife Manager, Idaho Department of
Fish and Game

« Jacob Gray (jacob.gray@idfg.idaho.gov),
Environmental Staff Biologist, Idaho Department of
Fish and Game

» Matt Pieron (matt.pieron@idfg.idaho.gov), Mule
Deer Initiative Coordinator, Idaho Department of
Fish and Game

Data analysts:

 Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

 Robert Ritson (robert.ritson@idfg.idaho.gov),
Associate Research Scientist, Wyoming Cooperative
Fish and Wildlife Research Unit, University
of Wyoming

Reports and publications:

e Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Mosby, C., Ellstrom, M., Roche, E., EImer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY20.pdf.]

[Photograph from Idaho Department of Fish and Game]
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Figure 44. Map showing migration routes and stopovers of the South of Saint Joe River elk herd.
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South of St. Joe River Elk

South of St. Joe River elk winter south of the Saint Joe
River between Mica Creek and Marble Creek (fig. 44). Most
elk in this population migrate south to southwest, but a few
individuals migrate north of the Saint Joe River. On average,
these elk migrate approximately 9 mi (14 km) between their
summer and winter ranges. The habitat is primarily mixed-
conifer forest with agriculture in the valley. South of Saint Joe
River elk winter and summer primarily on managed forests
(private timberlands and Idaho Department of Land prop-
erty), but they also use FS lands. Land use (logged compared
to unlogged) probably affects seasonal migration routes and
seasonal ranges as there are large, clearcut areas within their
migration routes.

Animal Capture and Data Collection

Sample size: 26 adult female elk
Relocation frequency: Approximately 12.5-23.5 hours
Project duration: October 2015-December 2019

Data Analysis

Migration and stopover analysis: of 44 individual seasonal
migrations, 26 used Fixed Motion Variance (3,281 ft [1,000 m];
see appendix 1 for further description) with a 14-hour time
lag; 18 used Fixed Motion Variance (3,281 ft [1,000 m]) with a
27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld and
others, 2011)

Models derived from:

* Migration: 44 sequences from 26 individuals
(28 spring sequences, 16 fall sequences)

Migration and Stopover Summary

Migration start and end dates (median):

* Spring: May 1 to May 14

 Fall: November 22 to December 23

Average number of days migrating:

* Spring: 10 days

 Fall: 16 days

Migration length:

* Min: 1.8 mi (2.9 km)

* Mean: 8.9 mi (14.3 km)

e Max: 27.7 mi (44.6 km)

Migration area:

* 92,711 acres (37,519 ha) (low use; >2 individuals)
* 39,305 acres (15,906 ha) (medium use; 10-20 percent)
* 4,561 acres (1,846 ha) (high use; >20 percent)

* Stopover area: 10,998 acres (4,451 ha)
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Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

» Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, I[daho Department of
Fish and Game

» Laura Wolf (laura.wolf@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

» Barb Moore (barb.moore@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, I[daho Department of
Fish and Game

 Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

* Robert Ritson (robert.ritson@idfg.idaho.gov),
Associate Research Scientist, Wyoming Cooperative
Fish and Wildlife Research Unit, University
of Wyoming

Reports and publications:

* Hurley, M.A., and Roberts, S., 2020, FI9AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY20.pdf.]

* Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Mosby, C., Ellstrom, M., Roche, E., Elmer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F1I9AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY20.pdf.]

[Photograph from Idaho Department of Fish and Game]
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Figure 45. Map showing migration routes and stopovers of the Teton River elk herd.
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Teton River Elk

The Teton River elk herd includes approximately 500
individuals and is managed as part of the larger Island Park
population (fig. 45). Historically, these elk wintered in aspen
and shrub communities associated with the Teton Canyon and
migrated east to summer in forested habitats in the eastern
portion of GMU 62 in ldaho and into Wyoming. This herd
has shifted primarily to summer habitats associated with
agriculture in GMU 62, with fewer individuals migrating to
Wyoming. This shift has resulted in increased conflict with
agricultural producers. Winter distributions have also shifted
in response to habitat loss and human disturbance, with most
individuals now wintering in the Hog Hollow area along the
Teton River. In February 2019, approximately 300 of these elk
moved west, crossed U.S. Highway 20, and wintered along
Henrys Fork, Snake River, and Sand Creek near Sugar City,
Idaho. Elk repeated this pattern in 2020 and 2021, raising con-
cerns of increased WVC and increased conflict with livestock
operations and associated fencing infrastructure.

Animal Capture and Data Collection

Sample size: 23 adult female elk
Relocation frequency: 4—23.5 hours
Project duration: March 2018—February 2020

Data Analysis

Migration and stopover analysis: of 75 individual seasonal
migrations, 46 used BBMM (Sawyer and others, 2009) with
an 8-hour time lag; 15 used Fixed Motion Variance (3,281 ft
[1,000 m]; see appendix 1 for further description) with a
14-hour time lag; 14 used Fixed Motion Variance (3,281 ft
[1,000 m]) with a 27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld and
others, 2011)

Models derived from:

» Migration: 75 sequences from 23 individuals
(39 spring sequences, 36 fall sequences)

Migration and Stopover Summary
Migration start and end dates (median):
 Spring: March 29 to April 21
* Fall: December 6 to December 20
Average number of days migrating:

e Spring: 26 days

« Fall: 35 days
Migration length:

e Min: 2.1 mi (3.4 km)

e Mean: 35.5 mi (57.1 km)
e Max: 93.3 mi (150.2 km)

[Photgraph frem dehe Department of Fish and Game]

Idaho | Elk 95

Migration area:
e 282,165 acres (114,188 ha) (low use; >2 individuals)

e 145,041 acres (58,696 ha) (medium use;
10-20 percent)

e 47,997 acres (19,424 ha) (high use; >20 percent)
« Stopover area: 23,335 acres (9,443 ha)

Other Information
Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

* Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

* Curtis Hendricks (curtis.hendricks@idfg.idaho.gov),
Regional Wildlife Manager, Idaho Department of
Fish and Game

 Jacob Gray (jacob.gray@idfg.idaho.gov),
Environmental Staff Biologist, Idaho Department of
Fish and Game

e Matt Pieron (matt.pieron@idfg.idaho.gov), Mule
Deer Initiative Coordinator, Idaho Department of
Fish and Game

Data analysts:

* Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

« Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

 Robert Ritson (robert.ritson@idfg.idaho.gov), Associate
Research Scientist, Wyoming Cooperative Fish and
Wildlife Research Unit, University of Wyoming

Reports and publications:

e Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,
62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%20Final
%20Report%20FY 20.pdf.]

e Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich,
K., Mosby, C., Ellstrom, M., Roche, E., EImer, M.,
Crea, S., Smith, D., Hribik, D., Hickey, C., Berkley,
R., McDonald, M., Lockyer, Z., Hendricks, C., Painter,
G., and Newman, D., 2020, F19AF00858 statewide
surveys and inventory final performance report: Boise,
Idaho, Idaho Department of Fish and Game, 20 p.
[Also available at https://collaboration.idfg.idaho.gov/
WildlifeTechnicalReports/F19AF00858%20St
atewide%20Surveys%20%20Inventory%20Final
%20Report%20FY 20.pdf.]
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Figure 46. Map showing migration routes and stopovers of the Trout Creek-Big Creek elk herd.
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Trout Creek-Big Creek Elk

Trout Creek-Big Creek elk winter north of the Saint Joe
River, east of Saint Joe, Idaho (fig. 46). The habitat is primar-
ily mixed-conifer forest with agriculture in the valley. Much
of their winter-range habitat is private timber company lands
on south-facing slopes that were recently logged (Ellstrom and
others, 2020). Most elk in this population migrate north and
summer on the south side of the St. Joe Mountains. A few indi-
viduals continue north to the South Fork of the Coeur d’Alene
River drainage, while others migrate south of the Saint Joe
River. On average, these elk migrate almost 9 mi (14 km)
between their summer and winter ranges. Trout Creek-Big
Creek elk summer on a mix of private timber company and
FS lands. Land use (logged compared to unlogged) probably
affects seasonal migration routes and seasonal ranges.

Animal Capture and Data Collection

Sample size: 31 adult female elk
Relocation frequency: Approximately 12.5-23.5 hours
Project duration: March 2015-November 2019

Data Analysis

Migration and stopover analysis: Of 68 individual sea-
sonal migrations, 46 used Fixed Motion Variance (3,281 ft
[1,000 m]; see appendix 1 for further description) with a
14-hour time lag; 22 used Fixed Motion Variance (3,281 ft
[1,000 m]) with a 27-hour time lag.

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 68 sequences from 31 individuals
(44 spring sequences, 24 fall sequences)

Migration and Stopover Summary
Migration start and end dates (median):
* Spring: April 25 to May 12
* Fall: November 30 to December 23
Average number of days migrating:
e Spring: 16 days
e Fall: 17 days
Migration length:
e Min: 1.8 mi (2.9 km)
¢ Mean: 8.8 mi (14.2 km)
e Max: 54.1 mi (87.1 km)
Migration area:
e 84,954 acres (34,380 ha) (low use; >2 individuals)
» 39,852 acres (16,128 ha) (medium use; 10-20 percent)
e 12,976 acres (5,251 ha) (high use; >20 percent)
* Stopover area: 10,026 acres (40,057 ha)
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Other Information

Project contacts:

 Shane Roberts (shane.roberts@idfg.idaho.gov),
Wildlife Research Supervisor, Idaho Department of
Fish and Game

e Mark Hurley (mark.hurley@idfg.idaho.gov), Principal
Wildlife Research Biologist, Idaho Department of
Fish and Game

¢ Laura Wolf (laura.wolf@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

 Barb Moore (barb.moore@idfg.idaho.gov),
Regional Wildlife Biologist, Idaho Department of
Fish and Game

Data analysts:

 Scott Bergen (scott.bergen@idfg.idaho.gov), Senior
Wildlife Research Biologist, Idaho Department of
Fish and Game

* Jodi Berg, Senior Research Scientist, Wyoming
Cooperative Fish and Wildlife Research Unit,
University of Wyoming

 Robert Ritson (robert.ritson@idfg.idaho.gov),
Associate Research Scientist, Wyoming Cooperative
Fish and Wildlife Research Unit, University
of Wyoming

Reports and publications:

e Hurley, M.A., and Roberts, S., 2020, F19AF00856
statewide wildlife research final performance report:
Boise, Idaho, Idaho Department of Fish and Game,

62 p. [Also available at https://collaboration.idfg.
idaho.gov/WildlifeTechnicalReports/F19AF00856%2
OStatewide%20Wildlife%20Research%?20Final
%20Report%20FY 20.pdf.]

* Meints, D., Ward, R., Knetter, J., Miyasaki, H., Oelrich, K.,
Mosby, C., Ellstrom, M., Roche, E., Elmer, M., Crea, S.,
Smith, D., Hribik, D., Hickey, C., Berkley, R., McDonald,
M., Lockyer, Z., Hendricks, C., Painter, G., and Newman,
D., 2020, F19AF00858 statewide surveys and inventory
final performance report: Boise, Idaho, Idaho Department
of Fish and Game, 20 p. [Also available at https://collabora
tion.idfg.idaho.gov/Wildlife TechnicalReports/F19AF
00858%20Statewide%20Surveys%20%20Inventory%20
Final%20Report%20F Y 20.pdf.]
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Figure 47.

Map showing migration corridors, stopovers, and winter ranges of the San Antonio elk herd.



New Mexico | Elk
San Antonio Elk

The San Antonio elk herd migrates from the Rio Grande
del Norte National Monument to the southern San Juan
Mountains of north-central New Mexico and south-central
Colorado (7,000-11,500 ft [2,134-3,505 m] elevation; fig. 47).
Managed by the BLM, the Rio Grande del Norte National
Monument contains the Taos Plateau and a portion of the Rio
Grande. Data collected from the herd in 2020-2021 by GPS
collars indicate that elk winter near San Antonio Mountain or
east of U.S. Highway 285 on the Taos Plateau, with some elk
wintering as far east as the Rio Grande. Other elk herds also
winter on the Taos Plateau, including herds from the eastern
side of the Rio Grande Gorge that are not featured in this
report. Critical winter range consists primarily of sagebrush
steppe, with pinyon-juniper dominating the volcanic cones of
Cerro de la Olla, Cerro del Aire, Cerro Montoso, and Cerro
Chiflo scattered across the monument land. The area north of
the volcanic cones is rich in Ceratoides lanata (winterfat),
providing nutrition high in protein during the harsh winters.
Key terrestrial habitats across the herd’s ranges include inter-
mountain basins, big sagebrush shrubland, Rocky Mountain
alpine montane wet meadow, and Rocky Mountain montane
mixed-conifer forest and woodland.

Within the Taos Plateau, 61,330 acres (24, 819 ha)
have been identified as migration corridors, 218,962 acres
(88,611 ha) as winter range, and 100,191 acres (40,546 ha) as
summer range for big-game species. Migrations typically begin
in early spring, with elk taking extended stopovers in the eastern
foothills and slopes of the San Juan Mountains, primarily along
the Rio San Antonio. By late spring, many of the elk continue
their migration towards the western slopes of the San Juan
Mountains or north into Colorado. Some elk travel to lower
elevation foothills along the western slopes of the San Juan
Mountains before retracing some of their movements to settle
on their high-elevation summer range. Summer range habitats
are typically mid- to high-elevation mixed conifer and aspen
forests with interspersed montane meadows. The crossing of
U.S. Highway 285 may create an obstacle to elk migrations, as
29 of 40 WVC in 2009-2018 involved elk.

Animal Capture and Data Collection

Sample size: 40 adult female elk
Relocation frequency: Approximately 2—12 hours
Project duration: 20202022

Data Analysis

Corridor, stopover, and winter range analysis: BBMM
(Sawyer and others, 2009)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 71 sequences from 31 individuals

(39 spring sequences, 32 fall sequences)

« Winter: 19 sequences from 18 individuals
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Corridor and Stopover Summary

Migration start and end dates (median):

* Spring: March 18 to May 9

* Fall: November 3 to December 17
Average number of days migrating:

e Spring: 56 days

* Fall: 22 days

Migration corridor length:

e Min: 13.70 mi (22.05 km)

e Mean: 22.55 mi (36.29 km)

e Max: 51.83 mi (83.42 km)

Migration corridor area:

e 323,232 acres (130,807 ha) (low use)

e 73,685 acres (29,819 ha) (medium use)
e 25,773 acres (10,430 ha) (high use)

* Stopover area: 31,357 acres (12,690 ha)

Winter Range Summary

Winter start and end date (median):
» December 17 to March 15

* Winter length (mean): 106 days

« Winter range (50 percent contour) area: 113,839 acres
(46,069 ha)

Other Information

Project contacts:

¢ Nicole Tatman (Nicole. Tatman@dgf.nm.gov), Big
Game Program Manager, New Mexico Department of
Game and Fish

Data analyst:
« Craig Reddell, GIS Analyst, New Mexico State University

[Photograph from Joanna Ennis, New Mexico State University]
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Figure 48. Map showing migration corridor footprints, stopovers, and winter ranges of the Pend Oreille elk herd.



Washington | Elk
Pend Oreille Elk

The Pend Oreille elk subherd is part of the larger Selkirk
elk herd located in northeast Washington on nine GMUs: 101,
105, 108, 111, 113, 117, 121, 124, and 204. Elk used in this
analysis were collared in GMUs 117 and 121 on winter ranges
located east and west of Huckleberry Mountain, along the
Colville River valley that splits the two GMUSs, and west of
the Pend Oreille River (fig. 48). In this area, private landown-
ers manage 77 percent of the land (primarily for timber);
the FS manages 16 percent; and the U.S. Fish and Wildlife
Service, Washington State Department of Natural Resources,
and BLM manage the remaining 7 percent. Montane conifer
forests dominate the mid-to-higher elevations of the region,
while agriculture predominates in the valley.

The Pend Oreille elk subherd is partially migratory, with
three main migratory routes. A segment of the population
traverses the northern portions of Huckleberry Mountain along
Summit Valley, others migrate north of Chewelah Mountain
following the South Fork Chewelah and Winchester Creeks,
and another group migrates around Bald Mountain following
the Buck Creek drainage. EIk move freely between GMUs 117
and 121, which is bisected by U.S. Highway 395 where some
of the highest incidences of WVC are reported (G. Kalisz,
Washington Department of Transportation, written commun.).
Based on collared elk data, harvest and vehicle collisions
are the primary and secondary causes of mortality, respec-
tively, for adult females in this population. A large portion
of the adult female harvest occurs on private property and in
response to agricultural damage complaints.

Animal Capture and Data Collection

Sample size: 63 adult female elk
Relocation frequency: 4 hours
Project duration: 2017-2021

Data Analysis

Corridor, stopover, and winter range analysis: BBMM
(Sawyer and others, 2009)

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)

Models derived from:

» Migration: 85 sequences from 17 individuals
(47 spring sequences, 38 fall sequences)

» Winter: 149 sequences from 56 individuals

Corridor and Stopover Summary

Migration start and end dates (median):
* Spring: April 3 to May 14
* Fall: October 29 to November 6

[Photograph from Tri-County Economic Development District]
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Average number of days migrating:
 Spring: 26 days

* Fall: 7 days

Migration corridor length:

e Min: 2.69 mi (4.33 km)

e Mean: 11.86 mi (19.09 km)

e Max: 19.86 mi (31.96 km)

Migration corridor area:

163,259 acres (66,069 ha)
(corridor footprint, > 1 individual)

* Stopover area: 19,323 acres (7,820 ha)

Winter Range Summary

Winter start and end dates (median):
* November 7 to April 6

» Winter length (mean): 167 days

« Winter range (50 percent contour) area: 116,038 acres
(46,959 ha)

Other Information

Project contacts:

* Melia DeVivo (Melia.Devivo@dfw.wa.gov), Ungulate
Research Scientist, Washington Department of Fish
and Wildlife

» Annemarie Prince (Annemarie.Prince@dfw.wa.gov),
Wildlife Biologist, Washington Department of Fish
and Wildlife

» Benjamin Turnock (Benjamin.Turnock@dfw.wa.gov),
Wildlife Biologist, Washington Department of Fish
and Wildlife

Data analysts:

» Michel Laforge, Postdoctoral Researcher, University
of Wyoming

« Blake Lowrey, Research Scientist, University of
Wyoming Cooperative Fish and Wildlife Research Unit

Reports and publications:

» Washington Department of Fish and Wildlife, 2014,
Selkirk elk herd plan: Olympia, Wa., Wildlife Program,
Washington Department of Fish and Wildlife, 59 p.
[Also available at https://wdfw.wa.gov/sites/default/
files/publications/01350/wdfw01350.pdf.]

» Washington Department of Fish and Wildlife,
2021, 2021 game status and trend report: Olympia,
Wa., Wildlife Program, Washington Department
of Fish and Wildlife, 407 p. [Also available at
https://wdfw.wa.gov/sites/default/files/publications/
02298/wdfw02298.pdf.]
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Figure 49. Map showing migration routes of the Sierra Madre elk herd.



Wyoming | Elk
Sierra Madre Elk

With substantial forest habitat in the Sierra Madre, the
Sierra Madre elk population is one of the most productive elk
herds in the state. Harvest from this herd typically accounts
for approximately 10 percent of the total elk harvest in the
state. The herd occupies typical year-round habitat for elk in
Wyoming. They winter largely in expansive sagebrush grow-
ing in the foothills and at low elevations in the valley of the
Little Snake River and its various drainages (fig. 49). In spring,
most animals migrate to higher elevation forested habitat
within the Sierra Madre. Like many elk herds, their seasonal
migrations tend to be diffuse without a clear delineation of
narrowly defined corridors; the average migration length is
approximately 16 mi (25 km). Some animals migrate farther
distances south across the border with Colorado, with a
maximum length of 39 mi (62 km). The herd is estimated to be
approximately 7,000 animals, although reliable population esti-
mates are not available. The mountain pine beetle-epidemic has
disturbed the herd’s summer habitat to a substantial degree, and
has had a mixed effect on elk habitat. A recent study showed
only a limited increase in forage in beetle-killed areas, although
continued understory growth is expected (Lamont and others,
2019). Perhaps more importantly, elk and hunters alike tend to
avoid the heavy downfall conditions created by dead and fallen
snags (Lamont and others, 2020).

Animal Capture and Data Collection

Sample size: 63 adult female elk
Relocation frequency: Approximately 0.75-1.5 hours
Project duration: 20122017

Data Analysis

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)
Models derived from:

» Migration: 166 sequences from 50 individuals
(86 spring sequences, 80 fall sequences)

* Winter: 54 sequences from 31 individuals
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Corridor and Stopover Summary

Migration start and end dates (median):
 Spring: April 23 to May 14

« Fall: November 4 to November 26
Average number of days migrating:

e Spring: 23 days

« Fall: 20 days

Migration corridor length:

e Min: 5.14 mi (8.28 km)

¢ Mean: 15.65 mi (25.19 km)
e Max: 38.59 mi (62.11 km)

Winter Range Summary

Winter start and end dates (median):
« November 26 to April 24

* Winter length (mean): 165 days

Other Information

Project contacts:

» Matthew Kauffman (mkauffml@uwyo.edu), U.S.
Geological Survey, Wyoming Cooperative Fish and
Wildlife Research Unit

Data analyst:

« Julien Fattebert, Department of Zoology and
Physiology, University of Wyoming

Reports and publications:

e Lamont, B.G., Monteith, K.L., Merkle, J.A., Mong,
T.W., Albeke, S.E., Hayes, M.M., and Kauffman,
M.J., 2019, Multi-scale habitat selection of elk in
response to beetle-killed forest: The Journal of Wildlife
Management, v. 83, no. 3, p. 679-693. [Also available
at https://doi.org/10.1002/jwmg.21631.]

* Lamont, B.G., Kauffman, M.J., Merkle, J.A., Mong,
T.W., Hayes, M.M., and Monteith, K.L., 2020,
Bark beetle-affected forests provide elk only a mar-
ginal refuge from hunters: The Journal of Wildlife
Management, v. 84, no. 3, p. 413-424. [Also available
at https://doi.org/10.1002/jwmg.21814.]
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Figure 50. Map showing migration routes of the South Rock Springs elk herd.



Wyoming | Elk
South Rock Springs Elk

The small herd of South Rock Springs elk is steadily
establishing itself in the Greater Little Mountain Ecosystem in
southwestern Wyoming. EIKk in this system occupy some of the
most arid seasonal ranges in the state, which contrasts with the
more forested habitat that elk typically occupy in Wyoming.
The herd is small but growing, with 920 animals counted
during surveys in 2020. The habitat is a mix of broad valleys
dominated by sagebrush habitat, with aspen, mountain shrubs,
and pinyon-juniper at higher elevations. Elk in this system
are not strongly migratory; like the mule deer that occupy this
same landscape, the elk migrations tend to be relatively short
with an average distance of 11 mi (18 km). However, there is a
clear pattern to their seasonal movements, with winter ranges
in the lower elevation habitat just east of Flaming Gorge
Reservoir and summer ranges in the higher, more mountainous
country to the east (fig. 50). In general, the herd is growing
and appears to have few threats; however, the region more
broadly is at risk of oil and gas development that would bring
considerable human effects to an otherwise intact landscape.

Animal Capture and Data Collection

Sample size: 49 adult female elk
Relocation frequency: Approximately 1 hour
Project duration: 2015-2019

Data Analysis

Delineation of migration periods: NSD (Bunnefeld
and others, 2011)
Models derived from:

» Migration: 142 sequences from 41 individuals
(73 spring sequences, 69 fall sequences)

» Winter: 125 sequences from 47 individuals

Corridor and Stopover Summary

Migration start and end dates (median):
 Spring: April 16 to April 28
« Fall: October 1 to October 9
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Average number of days migrating:
 Spring: 12 days

* Fall: 20 days

Migration corridor length:

e Min: 2.69 mi (4.33 km)

* Mean: 11.41 mi (18.36 km)
* Max: 31.19 mi (50.20 km)

Winter Range Summary

Winter start and end dates (median):
 October 10 to April 16

 Winter length (mean): 202 days

Other Information

Project contacts:

» Kevin Monteith (kevin.monteith@uwyo.edu),
Associate Professor, University of Wyoming

 Sean Yancey (sean.yancey@wyo.gov), Regional
Wildlife Coordinator, Wyoming Game and Fish
Department

Data analyst:

* Julien Fattebert, Department of Zoology and
Physiology, University of Wyoming

Reports and publications:

* Huggler, K., 2019, Eye for an eye—Predator-
prey dynamics from the lens of both predator and
prey: Laramie, Wyo., University of Wyoming,
M.S. thesis, p. 1-102.

Huggler, K.S., Holbrook, J.D., Burke, P.W., Zornes, M.,
Thompson, D.J., Clapp, J.G., Lionberger, P., Valdez,
M., and Monteith, K.L., 2022, Risky business—How
a herbivore navigates spatiotemporal aspects of risk
from competitors and predators: Ecological Society of
America, Ecological Applications, 2648, 17 p. [Also
available at https://doi.org/10.1002/eap.2648.]
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Appendix 1. Methods

Corridors and Stopovers

Extracting and Mapping Migration Sequences

To identify spring and fall migration start and end
dates for each individual ungulate in a given year, we visu-
ally inspected the net squared displacement (NSD) curve
(Bunnefeld and others, 2011; Bastille-Rousseau and others,
2016) alongside digital maps of the animal’s movement trajec-
tory within the Migration Mapper application (Merkle and
others, 2022). The NSD represents the square of the straight-
line distance between any global positioning system (GPS)
location of an animal’s movement trajectory and a point within
the animal’s winter or summer range. Users defined this point
separately for each herd based on the start of a biological year,
which ranged between January 1 and March 31. Additionally,
for pronghorn in Idaho, which had variable winter range peri-
ods and movements across the state, we used June 1 (in other
words, peak fawning) as the anchor location when measuring
NSD and identifying migration start and end dates.

When an animal stays within a defined home range,
the NSD varies relatively little during the course of a year.
However, when an animal migrates away from its winter
range, the NSD of each successive location increases until the
animal settles in its summer range (fig. 1.1). The days with
clear breakpoints in the NSD curves represent the start and
end dates for migration and were used to define the sequences
for spring and fall migration. Migration routes were mapped
by joining successive GPS locations with a straight line within
each migration sequence.

Calculating Probability of Use with Brownian
Bridge Movement Models

Once migration sequences were extracted for each
individual in a given year, we used a Brownian bridge move-
ment model (BBMM) (Horne and others, 2007) to estimate a
Utilization Distribution (UD) that represents the probability
of use during migration. The UD produced from the BBMM
provides a probability surface, or heat map, of the area used
in each migration sequence. Additionally, the outer bounds
of the UD provide estimated widths of the movement path
around the straight line between an animal’s two succes-
sive locations. Together, the heat map and boundary of the
UD can be used to identify migration corridors (Sawyer and
others, 2009) and the stopover sites where animals spend
extended time foraging along their migration route (Sawyer
and Kauffman, 2011).
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To generate the heat map for each migration sequence,
we used the BBMM to estimate a UD with a grid resolution
of 50 m (164 ft). When GPS collars missed fixes and breaks
in the sequential data exceeded an 8-hour time lag, we did
not build a bridge between the two fixes encompassing the
break. A key parameter of the BBMM is the Brownian Motion
Variance (BMV), which provides an index of the mobility, or
speed of movement, of the animal under observation (Horne
and others, 2007). An empirical estimate of the BMV was
obtained for each migration sequence following the methods
of Horne and others (2007). We did not include migration
sequences with a BMV greater than or equal to 2 acres
(8,000 square meters [m?]) because large BMV values poorly
represented the observed migration trajectory.

Variations of the Brownian Bridge Movement
Method—Sparse Data and Fixed Motion
Variance

When location data are sparse (in other words, when there
is a long time interval between GPS fixes), the BBMM performs
poorly because of the increased uncertainty in the movement
path between two successive GPS fixes. Such uncertainty
tends to overestimate the corridor width and area (Horne and
others, 2007; Benhamou, 2011). To facilitate corridor analyses
of migration sequences collected with low fix rates, we some-
times used the alternative Fixed Motion Variance approach, in
which we set the BMV at specific levels when estimating the
UDs for each migration sequence (Kauffman and others, 2020;
Julien Fattebert, Ecotec Environment, unpub. data, 2022). For
herds with sparse sampling data, we set the BMV between 600
and 1,600 for elk and pronghorn and between 400 and 1,200
for mule deer (Julien Fattebert, Ecotec Environment, unpub.
data, 2022).

In most cases, traditional BBMM methods were used to
estimate corridors and stopovers. However, when there were
significant amounts of missing data in the migration sequences,
corridors were calculated using Fixed Motion Variance tech-
niques if they improved delineation as observed through a visual
comparison of maps from the two methods. When fix rates were
highly variable among individuals in a herd, both BBMM and
Fixed Motion Variance methods were used to construct individ-
ual UDs. In general, by bridging gaps in the probability surface
created by missing GPS fixes, Fixed Motion Variance pro-
vided a modeled corridor that more closely matched data with
frequent relocations (for example, a 2-hour fix rate). In most of
these cases, a 14-hour time lag was allowed; a 27-hour time lag
was allowed only when it provided more complete migration
corridors compared to using a 14-hour time lag.
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Figure 1.1. Example of Net Squared Displacement (NSD) analysis to identify migration sequences. A, breakpoints in the NSD
curve provide the start and end dates for the spring migration (blue polygon) when an animal migrates from the winter range to

the summer range; the fall migration (red polygon) is shown when an animal leaves its summer range to return to the winter range.
B, the corresponding GPS locations are highlighted on the map insets for the spring migration in blue. C, the GPS locations showing
fall migration are highlighted in red. For ease of readability, only one GPS location per day is shown. (km?, square kilometers)



Calculating Population-Level Corridors and
Stopovers

We applied a three-step process to calculate population-
level corridors and to identify stopovers; the process generally
followed the methods developed by Sawyer and others (2009).
First, we averaged the UDs for a given individual’s spring
and fall migration sequences across all years to produce a
single, individual-level migration UD. We rescaled this mean
UD to sum to 1. Second, we defined a migration footprint for
each individual as the 99-percent isopleth of its UD. We then
stacked all the individual footprints for a given population,
which provided a raster representing the number of animals
that used each grid cell during migration. Next, we defined dif-
ferent levels of corridor use based on the proportion of the col-
lared migrants in the population for a given grid cell. For most
herds, we then defined low-use corridors as areas traversed
by at least one individual during migration. Medium-use
corridors were defined as those used by 10-20 percent of the
collared animals, and high-use corridors were used by more
than 20 percent of the collared individuals within the popula-
tion. These corridors were converted from a grid-based format
to a polygon format, while removing isolated-use polygons of
less than 20,000 m? (in other words, less than approximately
5 acres). Finally, to calculate stopover use, we averaged all
the individual-level UDs to produce a single population-level
UD, rescaled to sum to 1. Stopovers were defined as the areas
representing the highest 10 percent of use from the mean
population-level UD. As with the corridors, we then converted
stopovers from a grid-based format to a polygon format and
removed isolated polygons of less than 5 acres (20,000 m2).

Variations of the Method to Calculate
Population-Level Corridors

Most maps in this report display low-, medium-, and
high-use corridors or routes. However, some individual states
adapted methods to best suit their management purposes.

For example, Idaho used four classifications: One individual
identified the areas used by a single collared migrant, low use
was defined as two individuals ranging up to 10 percent of the
collared migrants, medium use was defined as 10-20 percent
of the collared migrants, and high use was defined as greater
than 20 percent of the collared migrants. In California, for
specific herds with low sample sizes, only low-use corridors
were produced to ensure that no mapped corridors falsely
represented high-use areas based on only a few individuals
moving through an area.

The final and most simplistic method for delineating
migratory corridors was the line buffer approach, which was
used for the Crow Mesa mule deer in New Mexico. For this
herd, we simply buffered the migration lines by a specified
distance (for example, 820 feet [ft; 250 m]) and then used the
general methods above to determine low-, medium-, and high-
use areas. The line buffer method may be preferred because
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it: (1) ensures individual routes are the same width and do
not vary extensively, (2) ensures population-level routes have
full connectivity between seasonal ranges (in other words,

no broken segments or large blobs are produced), (3) easily
accommodates variable GPS fix rates, and (4) requires little
computing power.

Estimating a Population’s Winter Range

To estimate a population’s winter range, we generally
followed the same methods used to calculate migration stop-
over sites, with some exceptions. First, instead of migration
sequences, we isolated winter sequences of GPS fixes. For
each year, we calculated a standard date for the start and end
of winter, and, based on the preference of individual states, we
applied one of three options to calculate winter range dates:
(1) for each year, we calculated the start of winter as the 95th
percent quantile of the end dates of all fall migrations and
the end of winter as the 5th percent quantile of the start dates
of all spring migrations, (2) we defined winter as the dates
between the end of fall migration and the start of spring migra-
tion for each individual, or (3) we defined a fixed date range
using local expert knowledge for a given herd (for example,
December 15 to March 15). We discarded winter sequences
that spanned fewer than 30 days. Following the methods for
migration stopovers, we calculated a population-level UD
of winter use and identified the core winter range using the
50-percent isopleth. The only exceptions to this method were
the Canyon de Chelly and Ram Pasture mule deer herds in
New Mexico, where the winter range was defined using the
30-percent isopleth.

Estimating a Population’s Annual Range

To estimate a population’s annual range, we gener-
ally followed the same methods used to calculate migration
stopover sites or winter range, with some exceptions. First,
we isolated annual movement sequences for each individual.
These were defined as movements longer than 275 days within
a calendar year, beginning at the time of collar deployment.
Start dates were similar because GPS collars were deployed
in batches around the same dates. End dates varied, depending
on individual mortalities. Following the methods for migra-
tion corridors, we calculated a population-level UD of annual
use and identified the core annual range using isopleth values
selected based on local expert knowledge for a given herd.

Herd Summary Statistics

In addition to the map for each herd, a number of sum-
mary statistics described the project and associated data.
Within the Animal Capture and Data Collection section
corresponding with each herd in the main report, sample size
was defined as the number of collared individuals, inclusive
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of both residents and migrants; relocation frequency was
determined by local researchers and varied within and among
herds; and the project duration was defined using the year of
the first and last GPS fix. Within the Data Analysis section
corresponding with individual herds, we provided the number
of migration sequences and individuals that were used in the
respective analysis. These numbers accounted for sequences
that failed to fit a BBMM and were not included in the delin-
eation of the migration corridor or seasonal range. Within the
Corridor and Stopover Summary section corresponding to
each herd, we included the median start and end dates for the
spring and fall migrations, as well as the average duration of
each migration period in days. Additionally, we defined the
migration length as the maximum distance between any two
points in a spring or fall migration sequence. These methods
helped to avoid overestimating migration distances, which can
be inflated when calculated as the sum of all step lengths in a
sequence because of including distances traveled when forag-
ing at a stopover. This Herd Summary Statistics section also
included the areas of migration corridors and stopovers.
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