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Executive Summary

Thisreportis a review of existing data and literature that were available in 2015 pertaining to the
Hyalite Porcupine Buffalo Horn Wilderness Study A(e®BH WSA)whichis located in the

Gallatin National Forest in the Gallatin Mountains of southcentral Montawas

commissioned by trustees of the Lee and Donna Metcalf Foundation to address a perceived need
to gather all the relevant science and data into one docuitméatilitate planning, as the fate of

the HPBH WSA is decided.

Wilderness Study Areas are areas that were set aside by3heddgress so that they could be
studied i n mor e dsuitalalityfor preservatientag wildeinése Atimet h e i

the Wil derness Act was passed in 1964 itshe goa

primeval character and influence, without permanent improvements or human habitation a n d
t opreserve its natural conditioms p r i ma r i dutgtanding oppartenities tbiesolifude



or a primitive and unconfined type of recreabion Ot her attr i butes of wil
A éecological, geological, or other features of scientific, education, scenic, or historicabvalue.

In 1977 The Montana Wderness Study Act was passed: alddfi,000 acres of land on the

Gallatin National Forest, formally known as the Hyalite Porcupine Buffalo Horn (HPBH)

Wilderness Study Are@VSA) are included in the Actyhich requires Congress to evaluate and

decide whdter the area merits inclusion in the national Wilderness system.

Although solitude and primitive types of recreation are still important wilderness values, we have
learned much more about the ecological importance of wilderness areas in the decadas since t
Wilderness Act, and thiglontana Wilderness Study Act, wgsassed. We now know thiatact,
roadless areas of secure hakdtacritical for maintaining healthy ecosystems, particularly in the
face of our rapidly changing climate. Intact, functioniegsy/stems are our best hope for

removing carbon dioxide from the atmosphere and sequestering it, and for buffering the impacts
of climate change. Intact areas with wilderness characteristics are essential for maintaining the
fish and wildlife populationgiiat provide Montanans with a quality of life that has disappeared
from most other stateFhis report summarizes the current state of knowledge of the ecology of
theHyalite-PorcupineBuffalo Horn Wilderness Study ArdedlPBH WSA) in an effort to

provideas ol i d scienti fi c fsoitabilityfoitpreservation@as wdldetn@éss mi n e
as mandated by the Montana Wilderness StudyAus report also discusses other possible
actions that can be taken by the U.S. Forest Service, the U.S. Congietbg Brecutive

Branch of government to manage these lands without fulfilling the requirements of the Montana
Wilderness Study Act.

This report examines t he :8BghwiShggpMoorftainS&eatr en key
Cutthroat TroutElk, Grizzly Bear, Wolvering andPika Other species mentioned in the report
include:Columbia Spotted FrodBoreal ToadBison Wolf, Lynx, andFisher Thesespecies

were choseecause of their documented value as focal species in nearby landscapes, their
sensitivityto climate change and land use change, and the existence of sufficient data to evaluate
their status in the HPBH WSAhese focal species are used as an index to represent the total
biodiversity of the aredore rigorous approaches to choosing focal Eseare outlined in the

report that could be taken by the Forest Service to assess current conditions for the Custer

Gallatin National Forest Plan Revision which begins in 2016.

The Gallatin EIk Herd represents the heart and soul of the HPBH WSA. Oresla$tlelk herds

in Montana in 1910 survived in padf the HPBH WSA and has since recoverbére are now
5,0006,000 elk that summer in the high country of the HPBH WSA and winter in lower
elevationsA critical component of habitat, particularly dugihunting seasons and winter, is
adequate security. Elk habitat has been managed generally to provide security from predators
and humans so that they can survive and reproduce under conditions that are natural and are free
of the stress provided by humdisturbanceThe elk herd is currently healthy and welanaged

by the Montana Department of Fish, Wildlife, and PaB@ne winter ranges have been steadily
decreasing in size, particularly near Bozeman, as more and more development removes habitat.

Bighorn sheep have also persisted in the HPBH WSA during the years that market hunting and
other factors decimated wilt# populations in Montana; there are now about 219 sheep
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comprising 4 herds living in the HPBH WSAheir habitat is increasingly shared fapuntain
goats but the degree of competition between them remains unclear.

Mountain goats are not native to the HPBH WSA but have migrated in from neighboring ranges
where they were introduced. About 179 mountain goats now reside along the Gallatin Crest
within the HPBH WSA.

Grizzly bears were probably extirpated from the HPBH WSA by 1975 when they were listed as
Threatened under the Endangered Species Act. They have since increased in numbers and
expanded in distribution so thgiizzlies are considered tmcupy almost all athe HPBH WSA
whichis considered primary grizzly bear habibgtthe Interagency Grizzly Bear Study Team
Ongoing studies should provide more information on how many grizzliesiaentlyusing the
HPBH WSA.

Wolverines have probablysed the HPBH WSA continuously. Because they travel so
extensively they could have been extirpated briefly but then recolonized the area. Wolverines
that were radiecollared in the Madison Range were found to often visit the HPBH WSA and at
least one denite has been recorded theidl.of the HPBH WSA is considered either primany
maternal wolverine habitaind it is critical for connectivity

Pikas are found throughout the HPBH WSA, primarily at higher elevafadms/e 8,500 feet)

but extending to kver areas wherever there is suitable halftéda populations have probably
remained stable throughout the HPBH WSA since 1992 when studies were initiated, but will
likely decline as the climate warms.

Two subspecies of cutthroat trout inhabit streanthenHPBH WSAYellowstone Cutthroat
Trout, which are found east of the Gallatin Crest in the Yellowstone River drasvage,
Westslope Cutthroat Trout, which are found west of the Gallatin Crest in the Gallatin River
drainage. Cutthroat trout require coldtersourcestreamghat will become even more
important in the future for refugia as the climate changes and downstream waters become
increasingly warmer.

Recent Climate Change Assessments have concluded that the GYE and Gallatin NF will
experience comiued warming temperatures, decreasing springtime snowpack, and decreasing
late season soil moisture. The climate witbbablybecome hotter and drier at lower elevations

and hotter with similar precipitation at higher elevatioftss dryness at lower elations will

probably be due to changes in water balance, and is an average across the entire GYE; since
precipitation is predicted to slightly increase at least in Gallatin County. Headwater streams in
the HPBH WSA are predicted to maintain cold waterdaons under most scenarios.

Compared to other areas in Montana and the Gallatin NF, the HPBH WSA will become critically
important as a refuge from climate change in the future.

The existing information on the seven focal species indicates clearl¢hidPBH WSA is an
ecologically intact landscape that still contaai®ut99% or moreof the vertebrate species that
historically used the area (bison are still missing but could recolonize the area if they were not
prevented from doing so by state agesti€or many species the HPBH WSA can be considered



a complete Oecosystemdb that meets all require

wide-ranging species such as elk, grizzly beagwolverinethe HPBH WSA is a critical
component of the Gater Yellowstone Ecosystem (GYE) which supports sustainable
populations of those species and comprises a key part of the larger metapopulation of
wolverines. The GYE may eventually comprise part of a larger grizzly bear metapopulation if
connectivity is mantained or restored and animals are allowed to move freely.

The HPBH WSA, along with the NW corner of Yellowstone National Park, to which it is
connected physically and ecologically, has long been a refuge for beleaguered wildlife
populations. At the turof the last century (1900) this region was one of the few places in the
northern Rocky Mountains that still supported elk, bighorn sheep, grizzly bears, and other
species that had been decimated by market hunting, fur trapping, and an expanding human
popuation. Hunting restrictions and other regulations have allowed wildlife populations to
recover until they are near carrying capacity in the HPBH WSA. Today however, these
populations are again threatened by developments and activities of the increasang hu
population as well as the warming climate which it has created. As in the past, the key to
maintaining the wildlife and the ecosystem is to maintain a low human footprint and restrict
activities which are damaging to the environment.

Most wildlife spe@es, particularly those prized for hunting, viewing, and photographing, are
sensitive to humanaused disturbance and habitat alteration. A review of the relevant scientific
literaturein this reportdocuments the vulnerability of the seven focal spe€asiently, the only
human activities occurring on the WSA occur on the trail network artlaatthiking and

climbing. The amount of disturbance to wildlife caused by trail users is greatest frtgmraih
vehicles (ATVs) or offroad vehicles (ORVs) fl@wed by mountain bikes, horseback riders, and
hikers according to most existing studikttorized use of trailsn the HPBH WSAis limited to
seasonal use on some trails by motorcycles and snowmdidgsle use is also limited to the
same trails as ntorcycles Disturbance due to human activities reduces the amount of habitat
available for use by wildlife, increases stress, and depletes energy regersesducing the
carrying capacity of the habitahe beshabitat for wildlife is found in areasith the least

human disturbancédabitat effectiveness models can predict the value of habitat for individual
species under different disturbance scenarios and can be used by the Forest Service and other
parties to assess the effects of recreation usleeotnails in the HPBH WSA.

Intact ecosystems which are not fragmented by human developments or degraded by human
activities are important for many reasoniese include the provision of ecosystems services

such as clean air and clean water, climate eggud, soil formation, nutrient cycling, and

harvesting of food, fuel, fibers, and pharmaceuticals. Ecosystems also provide spiritual and
psychological benefits whose values are not yet well undersibede benefits, like many

others derived from wild pkces, cannot be exactly measured in traditional economic terms.

Based on the data and information contained in this report, the HPBH WSA can be considered an
intact Oecosystembdb or critical component of
pratected from further human alteration and disturbance. This protection should be as restrictive
of human uses as possible and should be as permanent as possible.

a



To ensure that wildlife have sufficient habitat for population persistence into the futute, and
confer resilience in the face of climate change and land use change, there must be an adequate
amount of protected habitat available among the spectrum of lands that are accessible to those
wildlife. The more permanent that protected habitat is, amdatiger the area is, the more

certainty there is that wildlife populations can persisagmenting the HPBH WSA into smaller
pieces of protected habitat would greatly diminish its value for wildlife habitat and the provision
of ecosystems services, arautd nullify its ability to function as a refuge from climate change.

Introduction

Thisdocumenis intended to provide a fairly comprehensive summary of the current ecological
conditions of the Hyalitd>orcupineBuffalo Horn Wilderness Study Area (HPBHSX) and a
discussion of how those conditions may change in the future. It was commissioned by trustees of
the Lee and Donna Metcalf Foundation to address a perceived need to gather all the relevant
science and data into one documémfacilitate planningas the fate of the HPBH WSA is
decided Some of the decisions about the future of the HPBH WSA may be made during the
Gallatin National Forest Plan Revision which will bé-gear process beginning in early 2016.
This document is not a part of this plampprocess$ it is an independent look at some of the
species and issues involved in forest plan revisibat it is hoped that much of the information
provided herein will be useful to the Gallatin National Forest, and can save time and asoney,
that much more comprehensive planning revision proceeds.

The HPBH WSA is a unique resource for the people of Montana and the ftatiocompasses
about155,000 acres of land on the Gallatin National Fomsth were designated lifye

Montana Wilderness Studyct of 1977 Manydocuments have been written about its wildlife,
ecological importance, and recreational opportunities. New information is periodically available
about the HPBH WSA and about its relationship to the broader landscapes and ecosystems in
which it is embedded. This document attempts to build upon earlier efforts by incorporating
much new information and data that has been completed since those documents were finalized.
There is also other data that is still being collected and analyzed bigty @ researchers that

was unavailable at the time this document was written. Whenever possible those efforts are
mentionedand hopefully they will provide additional insights as Boeest Plan Revision
unfolds.The overall goal is to help guide deciss so that the HPBH WSA will provide the
greatest benefifs the highest and best us@&ot only to the people of Montana, but to all the

other species that face the same challenges that we do as the future unfolds.

This document can be viewed as a fat&fp towards a systematic conservation assessment to aid
in the design and implementation of a protected area network that can meet sustainability and
conservation goals; considered as the best management practice worMaiigelés and

Pressey 2000, Gresget al. 2002, Grove2003,Leslie 2005)

There are many terms used in this document that also have specific meaning in the context of
Forest Plan Revisi@and other governmental processes: terms sudlhuberabilitydanddocal
specie@ This documentioes not propose to contain equivalent analysédl-blown agency
efforts,which in many cases are beyond the scope of this single effort; these possible areas of
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confusion are pointed out throughout the document. cdamjusion with other terms not

speifically explained in the document is inadvertent; this is an independent look at the ecology
of the HPBH WSA, not a formal agency analysis. It is hoped, however, that the approaches used
in this document may be of some use and possible guidance fot tayemey analyses; many of
which are still in the process of being formulated and standardized.

The HPBH WSA is showm Figure 1in the context of adjacent roads and roadless areas. Major
trails are shown in gray with motorized access trails in orangésgsing of 2015. Bozeman,
Montana is at the top center of the map.
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Figurel. The Hyalite Porcupine Buffalo Horn Wilderness Study Area.

The HPBH WSA is located in the core of the Gallatin Mountain Range along the Gallatin Cres
which is also the boundary line between Gallatin and Park Counties. Drainages on either side of
the crest flow east into the Yellowstone River or west into the Gallatin River (Figure 2). The
highest peaks of the WSA are about 10,300 feet in elevatigalitéiPeak is listed &t0,303 ft

(3141 nm) while Ramshorn Peak is listed at 10,3013140 nj according to th&lorth America

Vertical Datum of 1988 (NAVD88)The lowest elevations in the HPBH WSA atabout 5,800

feet where the boundary crosses Bigék and Eightmile CreeRhe WSAIs about 36 miles in

length and ranges from 4 to 12 miles in width.

In order to assess the biodiversity of the area a suite of focal species were chosen that should
provide an &6édumbrel |l ad fpeciesimitedHPBHIMSA. THese spea@es i v e
are discussed in the following sections. Seven species were cBag®orn sheefOvis

Canadensis Mountain Goa{Oreamnos americanysCutthroat Trou{Oncorhyncuglarkii) ,

Elk (Cervus canadenswr Cervus elaphys Grizzly Bear(Ursus arcto}, Wolverine(Gulo gulg,

and PikaOchotona princeps Other species of interest are briefly discussed: BiBos bisop,

Wolf (Canis lupu$, Lynx (Lynx Canadens)sFisher(Pekania pennanyi Moose(Alces

americanu} Beaver(Castor CanadensjsColumbia Spotted FrodRana luteiventris Boreal or

Western Toa@Anaxyrus boregsand Western Tiger Salamandéb§stoma mavortiujn
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Figure2. Elevation, Terrain, and Streams of the HPBH WSA.
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Over half ofthe HPBH WSA is above 8,000 feet in elevatibhe most common forest type in
the Gallain National Forest is Douglas fat 27 % of the total forest land area, followed by
lodgepolepine (25%), sprucéir (25%), Whitebark pine (13%) Engelmann spruce (8imbper
pine (1%) and ponderosa pine (1%). The Forest has more than 60 Forest Habitat Types
(DeBlander 2001)

The GAP landcover program has mapped and classified vegetation and landcover in Montana
(Figure 3). The predominant forest type in the HPBH WSNixed Subalpine Forest which is
interspersed witiMlontane Parkland and Subalpine MeadoMtshigher elevations, above(®0

feet, there are extensive Alpine Meadows interspersed with Mixed Whitebark Pine Forest which
give way to Rock on the higher peaks.lower elevations there aseattered starsdof

Lodgepole Pine and Douglas. fUsing a similar approach as GAP analysis, but at a finer scale,
Debinski et al. (2010) classified three forest classes (Dodigla&/'hitebarkpine;and three

densities ot Mixed Coniferclasscomposed of lodgepole pine, Engelmann spruce, and Douglas
fir) and six norforest meadow classe®presenting a distinct xefto-hydric gradient from

sedge meadow to dgrassland with sagebrysising remotely sensed data and G1& study

area that overlapped most of the HPBH W8Atterflies and birds showed clear preferences for
certain habitat§Debinski et al. 2010)
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GAP Landcover 1998
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Figure3. GAP landcover classes for the HPBH WSA 1998.
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Background
Wilderness and Wilderness Study Areas

The Wilderness Act (78 Stat. 890; 16 U.S.S. 118@psponsored by Senator Lee Metcalf of

Montanawas passed bihe USCongress in 1964t mandates the preservation of wilderness

character in congressionally designated wilderness.Cdngressional Record (United States

Congress 1983) reinforces this mandate, stating, "The overriding principle guiding management

of all wilderness areas, regardless of which agency administers them, is the Wilderness Act

(section 4(b)) mandatetopregeg t heir wil derness character. o \
explicitly defined in The Wilderness Act of 1964, but congressional intent is expressed in the
Definition of Wilderness, Section 2c of the Wilderness Act:

AA wilderness, in contrast with those asevhere man and his works dominate the
landscape, is hereby recognized as an area where the earth and its community of life are
untrammeled by man, where man himself is a visitor who does not remain. An area of
wilderness is further defined to mean irstict an area of undeveloped Federal land
retaining its primeval character and influence, without permanent improvements or
human habitation, which is protected and managed so as to preserve its natural
conditions and which (1) generally appears to haea ladéfected primarily by the
forces of nature, with the i mprint of manoés
outstanding opportunities for solitude or a primitive and unconfined type of recreation;

(3) has at least five thousand acres of land or saifficient size as to make practicable

its preservation and use in an unimpaired condition; and (4) may also contain

ecological, geological, or other features of scientific, education, scenic, or historical
valueo

The primary definitions of the act (h@ 2) have been characterized asérghropocentrid
wilderness concept while the other attributes listed (3 and 4) represénioitentri@concept

(Leslie and Taylor 1985); both are important components of wilderness. Leslie and Taylor
(1985)argue h a anthifopocentric wilderness inventories can only estabhgidarness

threshold by an essentially arbitrary decision becausgettoeption of wilderness quality by
recreationists differs widely among individuals and is influenced by such a vdrgysonal

factors as talefy logical analysis (lttelsonetal.,1964) Thi s appears to be t|
taken currently by the community collaborative techniques being used to evaluate uses of
roadless areaand Wilderness Study Areds contrastLeslie and Taylo(19850assert that
fibiocentricwilderness inventories can establish an objective wilderness threshafetsnce to
ecological principles, particularly those embodied in islaedeography theory (Diamond,

1975)0 In that regard, thiseport can be considered a biocentric approach to evaluate wilderness
values (of the HPBH WSA) from an ecological, wildidenteregdperspective.

Other definitions of wilderness includdne World Conservation Union (IUCN) Framework for
Protected Areadefinitionas fia | arge area of unmodified or s
retaining its natural character and influence, which is protected and managed so as to preserve its
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nat ur al .Miemeieretialo(20d1) defined 24 globally importanideiness areas as
those that were <70% intact with human densities of less than or equal to 5 people per square
kilometer. They considered only those areas greater than 1 million heotseex which is the
Rocky MountainsWilderness is a global concept

The 1977 Montana Wilderness Study AdWSA: P.L. 95150)was passed by the. 8§l

Congress in November asdt aside the HyalitBorcupineBuffalo Horn Wilderness Study Area

(often called the Gallatin Crest WSA), along with eigtiter wilderness studyeas.The Act

stated that Aln furtherance of the purposes o
shall, within five years after the date of enactment of this Act, review certain lands designated by

this section, as to their suitability for peegation as wilderness, and report his findings to the

Presi daenndt ét.h.at fAcertain |l ands in the Gallatin
generally depict ed-PoroaupireeB unfafpalemtiHad e dWidIHYyad n & %
and dated April 1976comprising approximately one hundred and fdtye thousand acres,

which shall be known as the Hyal®orcupineBu f f al o Horn Wil derness St

The Act further stated that these WSAs shall be administered by the Secretary of Agriculture to
maintai their presently existing wilderness character and potential for inclusion in the National
Wilderness Preservation System until Congress determines othefwise. t er m fimai nt ai
presently existing wil derbysmeomean that henaeaging h a s
agency, the U.S. Forest Serviesas obligated to administer the area as de facto wilderness (ie.

closing the area to all mechanized and motorized uses) until such time as a determination could

be made.

The HyalitePorcupineBuffalo Horn area was also included in the RARE Il study process which
was initiated in June of 1977. All of the nine Montana Wilderness Study Act (MWSA) areas
were included in the RARE Il inventory. The purpose of RARE Il was to study all roadless and
undevel@ed areas in the National Forest System and recommend them as either wilderness or
nonwilderness. The RARE Il process did not meet all the requirements of the MWSA legislation.
For instance, RARE Il did not provider public notice and hearingsd the icorporation of the
hearing record in the report to Congress. Even so, the Forest Service decided to begin the
evaluation of the MWSA areas by including them in the RAREdEtess to the extent possible.
Through the RARE II process, all MWSA areas weregdiain a "further planning" category

until the remaining requirements of the MWSA legislation were completed.

The Lee Metcalf Wilderness was not one of the 54 original wilderness areas set aside by the
Wilderness Act. This wilderness was designated in 1888 own act; the Lee Metcalf
Wilderness and Management Act of 1983 (P.L-:198). In its original form it would have
included what is now the Hyal#eorcupineBuffalo Horn Wilderness Study Area in a
contiguous 600,000 ackilderness. By the time tHeee Metcalf Wilderness and Management
Act was passed however, Senator John Melcher and others had split this larger area into 4
separate wilderness areas totaling 259,000 athesremoved protection from the area which
was subsequently developed arotimel Big Sky Resort.
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History of the Hyalite-Porcupine-Buffalo Horn Wilderness Study Area

The HPBH WSA, along with the NW corner of Yellowstone National Park, to which it is
connected physically and ecologically, has long been a refuge for beleaguerdd wildl
populations. At the turn of the last century (1900) this region was one of the few places in the
northern Rocky Mountains that still supported elk, bighorn sheep, grizzly bears, and other
species that had been decimated by market hunting, fur trappith@gn expanding human
population.For example, 12,000 antelope hides were shipped out of Bozeman in 1874; 250,000
bison hides were shipped out of the Yellowstone and Missouri drainages Hi883]1the
Yellowstonebison herd was reduced to-88 total animals by 1905; only 5,000,000 elk were

left in the entire state of Montana by 19a6d the Audubon/badlands bighorn shieegastern
Montana and western North Dakaetare extirpated by 1918he only bison left in Montana in
1883 consisted of 123 inthe Pablo/Allard herd on the Flathead reservation which had grown to
700 by 1894Picton and Lonner 2008)

Hunting restrictions and other regulations have allowed wildlife populations to recover until they
are near carrying capacity in the HPBH WSA. Toblawever, these populations are again
threatened by developments and activities of the increasing human populationasstiel

warming climate which we hawreated. As in the past, the key to maintaining the wildlife and

the ecosystem is to maintainav human footprint and restrict activities which are damaging to
the environment.

In 1977, approximately 50,006,000 acres within the HPBH WSA were privately ow(iEue
1985 Hyalite Porcupine Buffalo Horn Wilderness Study Report identified approxynd&&00
acres of private land but the 1977 Gallatin NF Forest Travel Plan Map identified over 56,000
acres of private landYhese private lands were arranged in a checkerboard pattern across the
WSA because private lands were allotted to the Burlingtortiérn Railroad by the Pacific
Railway Act of 1862 during construction of the transcontinental railroad. Ten square miles of
land were granted for each mile of railroad I&thce 1977 the Forest Service has worked to
consolidate all lands within the WS#undary into Forest Service ownership.

A series of reports have been prepared relating to the HPBH. W¥public workshops were
conducted in Montana in September 1979 to identify issues relating to the MWSA areas. A
separate effort was made to idenfpifyblic issues and management concerns for the Gallatin
National Forest as part of the Forest planning proddss.resulted irthe Hyalite Porcupine
Buffalo Horn Wilderness Study Report EIS prepared by the Forest Service for the Gallatin
National ForesPlanin 1958(USDA 1985) The initial Wilderness Study RepdtiSDA 1985)
was a legislative environmental impact statement required by Congress. Much of the early
documentation in this report and ioHenker (2003js found inthat Study Report

The pupose of thet985Study Report was to evaluate tlagea for its wilderness suitability and
make a recommendation for its future managerf@latwing the requirements of the National
Environmental Policy Act (NEPA) and the National Forest Management Act &Flhe

Study Report analyzed sevdifferent alternativesAlternative 5 allocated the entire study area
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which had not been encumbered by roads and timber haestdernessAlternative 7, the

Proposed Action, included designation of a special s@eiam the Hyalite Peaks area (23,102

acres) to be reserved for public recreation. A national recreation trail along the Gallatin Crest
wasalso proposed. No wilderness was recommended in alter7atvith 42,803 acres allocated

for OWi |l déafieon@agesaR8 cotcOa2t ed as O &ecesmsni ¢ Ar eabd,
0Di spersed Recredfi @d85(aoneeadedpTi mber Manag
Natural 6 and 1,774 acres as.NoRcoglof®acmien wi t h Ti
(ROD) was canpleted from this report; normally this would have been done by the Forest

Supervisor and the ROD would form the basis of a Bill before Congress to pass an Act that

would determine the status of the lands in the HPBH WSA. It is at thisipdhe procesthat

the sciencédbased NEPA and NFMA processes have created recommendations that can be acted
upon by Congress. Depending upon the political climate in Congress, such a Bill could either be
supported or opposed and perhaps alternative Bills could bernwsttience gives way to [iats

and there are no guarangesbout the outcom&uch Bills can also be attached as riders to other
O6must passod6 | egislation, such as defense fund
from the state in quésn need to support such strategies for them to be successful.

The conclusion of the 1985 Study Report was to adopt Alternative 7 and not recommend the

HPBH study area for inclusion in the natural wilderness preservation sgetgaite the finding
within the report thath Most of the area is suitable for wi
areabds natur al integrity and appearance tend
the area will be affected in a few places by sight or soundsdtside the boundaries, but these

di sturbances would probably. affect | ess than

Wilderness was not included in tReoposed Action primarily because of fragmented land
ownership!The chief impediment to [Wilderness] manageabitityhe area is therjvate
checkerboard inholdinds.(USDA 1985, p 11#8). However, since 1985 the privately owned
inholding lands have been largely consolidated through land exchanges and putichases
removing thisimpedimendto wilderness considation. The HPBH WSA lands currently make

up about 40% of all NF lands within the Gallatin Range, and about 73% of the total inventoried
NF roadless lands within the Gallatin Range.

In 1996, the Matana Witlerness Association initiated legislation over Bb&ervice
Management of WSA's across Montana, citing loss of historic wilderness chatacter
increased motorized recreation aadK of apprpriate management actions by the AgencysTh
lawsuitspedfically cited the HPBH WSA and concerns about Gaih NationalForest
management actions. Thedationwas seted in 2001 and reffed in the Forest Service's
agreement to conduct trdvaeanagement planning for AWSAs. Travel Planning and Forest
Planning decisions have subsequently superseded tidatedor Wilderness consideration in
determiningthe status of the lands withihne HPBH WSA.

Il n 2003, the Gallatin National Forest compl et
Study Area Character Assess m8chlénker 200BXTHisor ed by
report summarized the current physical and social conditions of the HPBH study area in 2003 as
compared to existing wilderness characteristics in 1977. Changes since 1977 were documented,
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and their effects on four principal charactecs of wilderness: natural integrity, remoteness,
opportunities for solitude, and apparent naturalness were des®ip2003, the Forest Service

had acquired over 37,000 acrestod private landcheckerboarded with Forest landsost of

these previouglowned by Burlington Northern Railroadaits timber subsidiary, Plumréek

Timber, Inc. (Clark et. al 2012lowever, many activities took place on these lands from road
construction and timber harvest to camp improvements on private lands leasefitieysoBy

the time of the 2003 report the Forest Service did not have complete data on all the activities that
may have had an effect on wilderness characteridtesacquisition of these lands increased the
number of public access points from 9 totdlheads (Schlenker 2003).

In 2012 The Gallatin National Forest, in cooperation with the University of Montana, completed
the AWil derness Character Monitoring Report
Areao aut hor ed by chEemkerrandChtlzerink Filar@larkrdd ad. 2A13) S

The report draws heavily from the University of Montana Wilderness Institute's 2011 efforts
collecting field dataelevant to wilderness character. This effort stemmed from a 2009
collaboration betweerne Wilderness Institute, thiddo Leopold Wilderness Research Institute,

the Forest Service, and several local,-gomernmental organizations develop measurable

field Indicators for the four qualities ofilterness character Identified ihe Wildernes Act of

1964. In 2009 and 2010. These indicators were 1) untrammeddity, 2) natural quality, 3)
undeveloped quality, and 4) Opportunities for solitude or a primitive and unconfined type of
recreation. Wilderness Institute crewgplemented these fiélprotocols across four of
Montana'ssongressionéy designated Wilderness Study Areas. During summer 2011,

Wilderness Institute crews acdmmunity volunteers hiked every trail the HPBH WSA and

made detailed observations along 218 miles of syt and 44 miles of nesystem trails

(Clark et al. 2012)This report was designed to establish a baseline for each of these measures of
wilderness so that trends could be evaluated over Airiis time the total area of the WSA

was estimated at approxately of aboutl55,000 acres of land

Forest Plans

Our system of forest reserves was established by the Forest Servicee @jamistration Act

of 1897(16 U.S.C.) The intention of the forest reservations was "to improve and protect the
forest within he reservation,... securing favorable conditions of water flows, and to furnish a
continuous supply of timber for the use and necessities of citizens of the United &i8tes

Govt 1897). The Transfer Act of 1905 transferred the forest reserves of tleel States from

the Department of the Interior, General Land Office to the Department of Agriculture, Bureau of
Forestry (US Govt 1905). The National Forest Management Act (NHKMA.. 94588 was

enacted in 1976. It requiresich National Forest to develag-orest Plan and to revise the plans
every 15 years. It provides guiding principles for forest management with strategies to protect
habitat and balance multiple uses to ensure the persistence of wildlife, includsigaatd

federally protected spedeln effect it elevated the value of ecosystems, habitat and wildlife on
our national forests to the same level as timber harvest and other uses. NFMA put into law and
regulations an important national priority: forest plans must provide for the divefr$igpitat

and animals found on national forests (Haber and Nelson 2015a).
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The New 2012 Forest Planning Rule

In 2012the Forest Service promulgatdee National Forest Systeband Management Planning
Rule, 36 CFR Part 219 (USFS 20,1&ich is usually reerred to as the 2012 Planning Rule.
These regulations established a process for developing and updating forest plans and set
conservation requirements that forest plans must meet to sustain and restore the diversity of
ecosystems, plant and animal comntiesiand atisk species found on these public lands (36
C.F.R. 88 219.2219.19). This planning rule applies to new Forest Plan Revisions and
amendments. firesentecosystem and species conservagilamningprocesses and has many
specific requirement§Some of the changes in Forest Planning which apply to the HPBH WSA
are discussed below. In January 2015, the Forest Service published Final Agency Directives for
Implementation of the 2012 Planning Rule (FSM 1900 Planning, FSH 1909.12). This report on
theHPBH WSA is designed to provide analyses and recommendations consistehewith

NFMA planning regulations, the 2012 Planning Raled the Final Agency Directives for
Implementation othe 2012 Planning Rule which hopefully can be used by the Gaatktin

NF for their Forest Plan RevisioRor a clearer understanding of the concepts discussed below
see Haber and Nelson (2015a).

The 2012PlanningRule provides a process for developing, revising, or amending plans that is
adaptive and sciendeased, engas the public and is designed to be efficient, effective and
within the agencyds ability to i mpl emghase (77
planning proces@Haber and Nelson 2015a):

1. Assessment.he assessment identifies and evalkiat@rmation relevant to the development

of a forest plan. The assessment is used during plan revision to evaluate what needs to change in
the current plan, including what is needed to meet the requirements of the planning rule. During
the assessment pleashe planning rule requires the Forest Service to identify and evaluate 15
categories of existing information relevant to the plan area. The categories that relate most
directly to diversity include:

1. Terrestrial ecosystems, aquatic ecosystems aratshiatls.

2. System drivers, including dominant ecological processes and stressors and the ability of

ecosystems to adapt to change.

3. Threatened, endangered, proposed and candidate species and potential Species of

Conservation Concern.
The assessment pexss must identify relevant information on attributes of ecosystem diversity,
ecological integrity and species persistence. Human structures and uses are important attributes
of ecological conditions. Identification of these ecological conditions duringsthessment is
necessary to provide a basis for plan components that manage human structures and uses. In the
Gallatin NF it is very important that the assessment carefully consider roads and recreation uses
as these are likely to be the predominant dinechan influence on diversity in the HPBH WSA
plan area, so information concerning the impact of roads, trails, and other recreation on species
persistence should be incorporated into the assessment.
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2. DevelopmentDuring the Forest Plan development stabe Forest Service develops and

finalizes the Forest Plan and plan monitoring program. It should focus on the need to change the
existing plan based on the assessment, and the development of plan components that satisfy the
diversity requirements of ti#012PlanningRule. A draft proposal is developed and

management alternatives are evaluated through the National Environmental Policy Act (NEPA,
42 U.S.C.) process. The combination of ecosystem and sygpaesic plan components must

provide ecological @nditions necessary for-ask species.

3. Implementation/monitoringAfter finalizing the forest plan, the agency begins to implement

the plan, including the development and implementation of management projects. Projects must
be consistent with the foseplan and implementation of the plan must be evaluated through a
monitoring program. Monitoring information is then evaluated to determine if aspects of the
forest plan should be changed. In addition, the Forest Service must use the best available
scientfic information to inform the planning process (219.3) throughout all three phases.

The planning rule describes these phases as iterative, complementary and sometimes
overlapping. The intent is to provide a planning framework that is responsive to pewatidon
and changing conditions (Haber and Nelson 20Fs&gest plans are required to have direction,
including standards and guidelines, in order to meet ecosystem and species conservation
requirementsk-orest Plans have guidelines for Diversity, Spedcosystems, and Connectivity.

Diversity in Forest Planning

Diversity is defined inth&982P 1 anni ng Rul e as: AThe distribut|
plant and animal communities and species within the area covered by a land and resource

managemermp | an. 6, and guidance includes: fAForest p
and animal communities. ...Inventories shall include quantitative data making possible the
evaluation of diversity i n tEeosyses Divefsityist s pri or

defined in the 2012 Planning rule (219.9) as
(USFS 2012)Although forests are mandated to be managed for diversity of plant and animal
communities and to conduct quantitative inventoriesfdhest planning procesteterming

whatthis requiredd d i v e r s ion eadh natimnal forestgnstrained by the requirements of

NFMA and the planning regulationsviaintaining viable populations of native species is the
scientifically accepted methalf achi eving the goal of maintain
is sustained only when individual species persist; the goals of ensuring species viability and
providing for diversity are i.Ramepwamr abl eo (Com
inventoryng and monitoring all native species, the current best management practice is to use a
subset of all speciésa suite of focal specigsto serve agdicators of ecological integritysee

Focal Species section below).

Diversity requirements of the Plaing Rule are focused on two spatial scales: landscape
components, and project components. Landscape components arsdaleaidand relate to the
vision and priorities of the plan area; in the case of the HPBH WSA, landscape components
would relate to thentire Gallatin National Forest and perhaps neighboring areas of which the
HPBH WSA is an integral parfEcosysteracomponents are generally those that describe
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biological conditions at the scale of the selected ecosystems. It is often appropridted& inc
them as landscape plan components.

Project components are finscaledandi ncl ude st andards, guidelines
determinations that can prohibit specific uses and preclude or regulate particular management
options (Haber and Nelson 2015&peciesspecifi@components may tend to be project

components (standards and guidelines that provide mitigation for certain activities known to

cause adverse effects on the species or its habitat). They may also be desired conditions for

species poputai ons or for conditions at a finer scal
Plarbcomponents to address ecological conditions related to human uses and structures may

also tend to be directed at the needs of specific species. A travel planHBtBREWSAIs a

projectthat could have projecomponerg that provide guidance and criteria for travel planning
Designatingsuitableuses within parts of the HPBH WSA could also be project companents

Species in Forest Planning

Previous to 2012NationalFor est s wer e charged to maintain i
(MIS) which were used to make inferences about other species in the Forest and the condition of

6 0Ol d Gr o wdmbny othenthings althes e were: AThe species se
populdion changes are believed to indicate the effects of management activities. [219.19

(a) (1)]06. Guidance i ncol ud2eld;. 1A9fEdtebhsh(ohfootlvessanndd s e
for the maintenance and improvement of habitat foraMIS[ 2 1 9 . 1ABlaniirg alternadivesd

shall be evaluated in terms of both amount and quality of habitat and of animal population trends

of the MISH[219.19 @)(2)]. In the Gallatin NF the Old Growth MI&epine marten (for moist

spruce sites) and northern goshawk (for douglasFir sites).

Each Forestmanagé Sensi ti ve &pdefmeddysForest SeivieedManual (FSM)
2670 as: fAThose plant and ani mal species iden
viability is a concern, as evidenced by:
a. Sigrificant current or predicted downward trends in population numbers or density.
b. Significant current or predicted downward trends in habitat capability that would
reduce a species'’ existing distribution.o
Species considered for Sensitive Species stathisded US Fish and Wildlife Service (FWS)
candidates for Federal listing, and State lists of endangered, threatened, rare, endemic, unique, or
vanishing species, especially those listed as threatened under Stdttéslawclear at this point
what trangion will be made from the Sensitive Species Program as Forests implimaetl 2
Planning Rule

Forests are also required to contribute to the recovery of species listed under the Endangered
Species Act (ESA). Rather than just ensure that there igrtin@f decline in listed species, the

Forest must proactively manage species with affirmative acts that contribute to recovery. In 1982
the requirement called for the maintenance of
which applied to othemp®cies in addition to those listed under the EBAese were defined as:
AHaving the estimated numbers and distributio
continued existence is wel| di stributests i n th
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were directed to AProvide for adequate fish a
existing native vertebrate species. [219.27(& ) ] 0 .

With the 2012 Planning Rule O6viable populatio
speciesvi t h a Asufficient distribution to be resi
climate change. Because species are addressed at several levels in both the old and new planning
rules conservatioplannes have recommendedspeéatesadskbe o9&l ét
2012PlanningRule that encompasses Federally listed, proposed and candidate species, and

species of conservation concern; focal species; and public interest species, as an initial step in the
assessment phase of a FordahPHaber and Nelson 2015a). Once a set of species is selected,

land units, ecosystem characteristics, ecological conditions, and key areas for those species, need

to be identified.

The 2012 Planning Rule requires that an Environmental Impact Stateri@nbéEprepared for
Forest Plan Revisions. The Record of Decision (ROD) for the Forest Plan Reldsionents
that the plan complies wi.th the Rulebds divers

Focal Species in Forest Planning

The 2012 Planning Rule now calls &@lectingi Focal Speci eso which are
inferences about the integrity of the forest
subset of species whose status permits inference to the integrity of the larger ecological system to
which it belongs an@rovides meaningful information regarding the effectiveness of the plan in
maintaining or restoring the ecological conditions to maintain the diversity of plant and animal
communities in the plan area. Focal species would be commonly selected on tbé thasis
functional role in ecosystemso. This requires
future, but the old MIS and Sensitive Species are probably not to be lost; some may be

designated as focal species while others may continue to be masatpey were previously.

A recent overview of the focal species concept and a framework for choosing focal species can
be found in Brock and Atkinson (2013). For a wildlife assessment of the Madison Valley, the
Wildlife Conservation Society selected Xitél species from a pool of 63 candidate species
using a 61 ands c dlpese feeg) weciesenere ropnpcessaaily defined in the
same way that the Forest Service may define thieisistiite of species was selected as

surrogates to conservd hhabitat types within the assessment area and encompass all major
threats to maintaining functional wildlife populations. Each candidate species was scored for
each of five criteria: area, heterogeneity, ecological functionality, smwoomic importange

and complementarity (Brock et al. 2006).

The 15 focal species selected for the Madison Valley study (Brock et al.\280G6)5rizzly

Bear, Moose, EIlk, Boreal Toad, Wolverine, Reaped Sap Sucker, Warbling Vireo, Yellow
Warbler, Columbia Spotted Froglulial Arctic Grayling, Greater Sage GrougkghornSheep,
Pronghorn, Westlope Cutthroat trout, and Bladtlacked Woodpecker. Grizzly bear had the

highest aggregate focal species score, followed by wolf, elk, mountain lion, and wolverine.

6 Umbr el Iweré desveddfar eash species to estimate the number of other species that are
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protected i f enough habitat is protected for
had the highest score with 401 other species under its umbrella. The restapf fhumbrella

species were Columbia Spotted Frog (359 spp), Elk (321 spp), Grizzly bear (300 spp), and
Westslope Cutthroat trout (288 spp).

A Forest Servicéocal species analysis for the HPBH WSA would likely find many of the same
species important, bunay follow a somewhat different approach. A streamlined eXjased

method for selecting focal species is found in Brock and Atkinson (2013). This approach can be
completed in a-3 day workshop with a few days for preparation and follgpw These metls

are beyond the scope of this HPBH WSA repartt this approach could be used for the Forest
Plan Revision proces3he focal species used in this report were not rigorously selected, but
were chosen because of their high valudeéMadison Valley Asssmentfor their importance

in the habitat types making up the majority of the HPBH \W&#d because there was enough

data and information available to evaluate their status

Ecosystems in Forest Planning

The 2012 Planning Rule defines an ecosysteriifaspatially explicit, relatively

homogeneous unit of the Earth that includes all interacting organisms and elements of the

abiotic environment within its boundaries. An ecosystem is commonly described in terms of

its composition, structure, function and canectivity.0For est Pl ans must i ncl
components, including standards or guidelines, to maintain or restore the diversity of ecosystems
and habitat types throughout the plan areao (
components to niatain or restore key characteristics associated with terrestrial and aquatic
ecosystem types, rare aquatic and terrestrial plant and animal communities, and the diversity of
native tree species similar to that existing in the plan area.

AccordingtoHabe and Nel slthaughEe@9stetnagmpdnents may tend to focus on

natural resource conditions and management, the plan must also address infrastructure and

human uses they affect necessary conditions fofretk species. These are included ingh
definition of Aecol ogical conditionso that <ca
habitat and other influences on species and the environment, e.g., the abundance and distribution

of aquatic and terrestrial habitats, connectivity, roadsodimet structural developments, human

uses and invasive species).

Connectivity in Forest Planning

Landscape connectivity is the relative degree with which one landscape component (such as an
ecosystem) is ecologically connected to other components. liteciiought of as having both
structural and functional components. Structural connectivity is the physical relationship
between patches of habitat or other ecological units; functional connectivity is the degree to
which landscapes actually facilitateiorpede the movement of organisms and processes of
ecosystems (Brooks 2003, Baguette et al. 2013). A third category of potential connectivity
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represents the landscape structure adjusted to take into account the dispersal ability of a given
organism (Calabse and Fagan 2004)

The 2012 Planning Rulequires consideration, planning and management for ecological
connectivity It includes explicit requirements famaintaining or restoringcological
connectivity on national forest lands and for facilitating @ivity planning across land
ownerships. Thesmay bethe first such requirements in the history of U. S. public land
management (Haber and Nelson 2015b.

The 2012 Planning Rule defines connectivityfiéological conditions that exist at several

spatial and temporal scales that provide landscape linkages that permit the exchange of

flow, sediments, and nutrients; the daily and seasonal movements of animals within home

ranges; the dispersal and genetic interchange between populations; and the long distan

range shifts of species, such as in response to climate charg€219.19) This definition
reflects both structur al and functional aspec
scales and Al andscape | i nkoampaes patclsesiandy est s a sp
ecosystems. References to water flows, sediment exchange, nutrient cycling, animal
movement/dispersal, species climate adaptation and genetic interchange are functional
characteristics ecological processeghat are sustained byenectivity (Haber and Nelson

2015b).

The HPBH WSA is a critical landscape for wildlife connectivity both locally and regionally
between Yellowstone National Park and protected areas to the north and northwest. Connectivity
for wildlife is an increasinglymportant conceptio be addressed in management decidions
maintaining long term persistence of wildlife populations by helping ensure the resilience (ability
to adapt to change) of those populations. As discussed in the previous section, a connectivity
strategy is a key element in Forest Plan Revisions mandated by the 2012 Planning Rule.
Connectivity planning is also identified as a key element in other government processes (Haber
and Nelson 2015bome of these processes are:

The Presi deanbtsi aGr ebdait meQ ui iwabk establishedbye® it ¢ tadrn w&d Or de
3323(www.doi.gov/americasgreatoutdoors/index.;fibl i st s t he goal of fAcon
water, wildlife, histori¢ and cultural resources, creating corridors and connectivity across these

outdoor spaces, and for enhancing neighborhoo

The Grizzly Bear Recovery Plan described linkage zones between recovery areas
(www.igbconline.org/index.php/populatiaecovery/grizzlybearlinkagezone$ and states that
Alinkage zone identification and the maintena
between largélocks of public lands in the range of the grizzly bear are fundamental to healthy
wildlife.o

The Western Governorsod6 Association (WGA) WwWild
(www.westgov.org/wildlifecorridorsandcruciathabita) mandates each western state to
develop plans for maintaining crucial habitat and wildlife corridors. Because connectivity crosses
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many jurisdictions the WGA policy states that federal lamthagement agencies should identify
key wildlife migration corridors in land management plans. The US Forest Service in
participating with this directive (Haber and Nelson 2015b).

The Forest Service Strategic Framework for Responding to Climate ChamgRBdatimap),
introduced in 2008 in response to the USDA 2Q0Q5 Strategic Plan, is another program that
includes fidevel opment of wildlife corridors t
climate change effects. This framework is describedenttdo Nat i on a l Roadmap f o
Cl i mat e USDhAaForgseServige 2011:
www.fs.fed.us/climatechange/pdf/Roadmapfinalpdf One of the O6i mmedi at e
roadmaps connecting habitats to improve adaptive capacity by:
1 Collaborating with partners to develop strategies that identify priority locations for
maintaining and restoring habitat connectivity.
1 Seeking partnerships with private landowners to provide migratiomors across
private lands.
1 Removing or modifying physical impediments to species movement most likely to be
affected by climate change.
Managing forest and grassland ecosystems to reduce habitat fragmentation.
Continuing to develop and restore imgamt habitat corridors for fish and wildlife.

1
1

Secretarial Order 3330 of the Department of |
Practices of the Department of the Interioro
comprehensive mitigation strategve can ensure that our national wildlife refsigeational

parks, and other Beral lands and waters are managed for conservation purposes with sound
stewardship and a commitment to conserve habi

In 2009,Secretarial Order 3289 was signed: Addressing the Impacts of Climate Change on
Americabds Water, Land, and Other Natwural and
Interior committed to conserve and manage fish and wildlife in the face of clinaatgesh

including more than 800 species of migratory birds. This order established 8 regional Climate
Science Centers, and a network of Landscape Conservation Cooperatives (LCCs). These new
agencies in part are a response to the fatsthifiing habitat marequire management changes:

AShi fting wildlife and habitat popul ations ma

The National Park Service strategy, Climate Change Response Strategy, calls for plans to
A dev el gupsdictional somservatioplans to protect and restore connectivity and other
landscapes cal e components of resilience. 0

The US Fish and Wildlife Service (FWS) develo
Challenge: Strategic Plan for Responding to Accelerating Cli@dilea nge 0 t o pr omot e
connectivity and integrity. This |l ead to an i
Pl ants Climate Adaptation Strategyo that out|
and protect wildlife corridors.

26


http://www.fs.fed.us/climatechange/pdf/Roadmapfinal.pdf

In 2012 the new Transportation Axetnt uirMeai)i(nMA PAh
was passed by Congress and signed into law by President Obama. It calls for environmental
mitigation to reduce vehicleaused wildlife mortality or to restore andimtain connectivity

among terrestriadr aquatic habitats. It also makes funds available to highway departments and

Native American Tribes to improve public safety and reduce vehicle caused wildlife mortality

while maintaining habitat connectivity. Thiscc u ment makes speci fic refe

connectivityo. It is relevant to the HPBH WSA
federal I ands (Aenvironmental mitigation in o
and reducevehicleaused wildlife mortality while mainta

helps ensure that efforts to maintain and restore connectivity within the Gallatin National Forest
can be connected to adjacent jurisdictions across highways, by funding mitigatissares such
as overpasses or underpasses for wildlife.

TheMontanaDepartment ofish, Wildlife & Parks (MFWPhas developetirge landscape

block (LLB) and connectivity layers generated as part of the Crucial Areas Planning System

(CAPS) for All NativeHabitat, Alpine, Grass/Shrub, Forest Generalist, and Forest Specialist
ecotypemodelSt he Connectivity Project of MFWPG&s Ass:e¢
greatest habitat conservation benefit to support the greatest number of species. Thetgoal was

identify priority geographic areas in order to maintain wildlife connectivity between important

habitats in Montana

Connectivity for Alphe Habitats is shown in Figufiebased on the FWP connectivity layers

Large Landscape BlocKkLB) represent cdiguous areas of the target ecotype with relatively

low levels of humaninfluenc& he term decotyped indicates gene
upon primary habitat associatioms.Figure4, portions of the area of the HPBH WSApajar as

Large Landscap Blockssurrounded by high value connectivity habitdtB connectivity

depicts likely pathways of animal movement and connectivity between LLBs of the target

ecotype and are based on least cost corridor analijsissnap and other ecotype connectivity

maps are available on DataBasin.org by searchi
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Figure4. Montana Alpine Large Landscape Blocks and ConnectifBH WSA in red.

This map does not include Wyoming or Idaho, but demonstrates theiRBH WSA is an

integral part of the alpine network connecting Yellowstone National Park to alpine areas further
north, and wesfThis can be more clearly seen in Figure 5: the white areas are all above 8,000
feet and demonstrate that the HPBH WSA isradaiextension of the higher elevation

landscapes of Yellowstone Park. It is connected across short distances of lower elevation to the
other high elevation landscapes to the east and west. These areas are crucial to many species
such aBighorn sheepMountain goas, Wolverines, Pika, and Grizzly Bears as described in the
following sections.
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Figureb. High Elevation Connectivity in the GYE.

A more generalized map depicting all ecotypes, described as natural habitatdatwtblydow
levels of human influencéased on the FWP connectivity layers, is shown in Figure 6.
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Figure6. Montana Natural Habitat Large Landscape Blocks and Connectivity

Figure6 showsclearly that the HPBH WSA is a majosraponent of the Large Landscape

Blocks of Natural Habitat connected to Yellowstone P&dken together, figures 4, 5, and 6

show that the HPBH WSA is an integral part of the high elevation landscape of the GYE. This is
a landscape that is becoming a catirefuge for wildlife as the climate warms and changes (see
Climate Change section below).

Recreation and Effects on Fish and Wildlife

There is a large body of scientific research on the effects of various forms of recreation on

wildlife, habitat, andbther environmental componenkdost of the literature has focused on the

effects of paved roads, but there is a growing body of research on the effects of different types of
trails and different activities on those tra#s1975 survey of land manageeported substantial

erosion on mountain trails during the previous decade that was attributed to dramatic increases in
horse and foot travel on trails not designed to accommodate higher volumes of traffic (Godin and
Leonard, 1979)Since 1975, the use ofauntain bikes, motorcycleall-t er r ai n vehi cl es
off-road vehicles@QRVs), and snowmobiles has also increased dramatically.

The first review of tk recreation impactgerature was done in 1985 by Boyle and Samson
(1985)who found 536 referencesncerning effects of nonconsumptive outdoor recreation on
wildlife (Boyle and Samson 1985The variety and magnitude of recreational impacts has
increased greatly sindken In 1997 a review of scientific literature on effects of linear
developmentsnwildlife included thousands of documents (Jalkazwl.1997). Asubsequent
review by the Montana Chapter of the Wildlife Society in 1999 summarized 403 papers related
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to effects on carnivores alone (Claar et al. 1999). A bibliography compiled forittgeBFeton
National Forest in 2002 included 607 scientific papers, reports, articles and documents written
with respect to the effects of roads on wildlife andrtftmtanescosystem (Nietvelt 2002)

All forms of recreation contribute to trail erosion asalise disturbance to ntwabituated

wildlife. These impacts are discussed relative to individual species in the wildlife sections below.
In a literature review for Mount Spokane State Park by Pacific Biodiversity Institute (Snetsinger
and White 2009) impas were summarizedutdoor recreation was found to be the 2nd leading
cause of decline of U.S. threatened and endangered species on public lands (Losos et al. 1995)
and 4th leading cause across all ownerships (Czech et al. 2000). As recreationatibBe of p

lands continues to grow, there is increasing concern over thedifsdbat may exist between
recreation and protection of wildtif(Reed and Merenlender 2008).

A Shkinthesis of the Literature and State of the Prawtica b o ut ¢ o n f-lsétmitss o n
was compiled by the Federal HighwayrAmhistration at the request @he National
Recreationalrails Advisory CommitteéFHWA 1994). This document looked at the challenges
faced by trail managers to protect natural resources while maintasengafety and providing
high-quality user experiences. As might be expected from a highway agency, the document
focuses primarily on tragonstructiortypes and usersand avoiding conflicts among users. It
does howe v el traib useq regadlesstofaravel maédémpactsnatural resourcés
Resource damage depends on many factors including the type of ecosystem, type of wildlife,
elevation, type of vehicle, and level of use among others (FHWA 1994).

Another thorough reviewf relevant researclvas donédoy Kuss,et al.(1990).They concluded

that generalljhiking and backpacking cause greater changgsite than walkingbackpacking
causes mordamageo trailsthan hiking without a pack; horses and packstock cause greater
damage than hikindrail biking causes more damage than hiking; and tdoken vehicles

cause more damage thaheeldriven vehiclesimpacts on wildlife and the environment were
notwell addressedCole and Knight (1990) did an assessment of recreational impacts on
biodiversity in wilderness areas. Their review did not include wheeled vehicles and found that
fishing, hunting, and associated management practices had the greatest impact on diversity at a
regional scale.

The effects of recreation on the environment and baraecreationists vary greatly even among
members of the same usgoup. It can be summed up in one sense by Sprung (1990) who noted
that people who view the environment as an integral part oftperience are more susceptible

to feeling conflict thanthose who see the environment as justting for their activity. (Low

Impact Mountain Bicyclists of Missoula (LIMB), for examplxcourages riders "to use

mountain bikes to enjoy the environment, rather than usenvieonment to enjoy mountain

bikes". Since the FHWA review in 1994 the type
and snowmobiles) have changed greatly and the demand for areas of use has infEmsified.
same author conducted a review comparing mountain biking to other forms o{ 8janeng

2004)and concluded that studies did not show that mountain bikes cause more natural resource
impact Sprung basetis conclusion on several studies that did not show any significant
difference in soil erosion or wildlife displacement betweemrislkand mountain bikerscluding
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Taylor and Knight (1993), Wisdom et al. (2004), Thurston and Reader (2001), and Wilson and
Seney (1994)Aside from some poor study desigris factor that is ignored in reaching this

conclusion is the fact that mountdiikers travel a lot farther than hikers in the same time period

and thus create a disturbance over a much larger area; even if the disturbance is equivalent to

hiking at any given poinfThis point is made by Vandem@andeman 2004)ho represents the

opposite side of the mountain bike spectrum from Sprung; each has a website promoting their

views In one studyy Wisdom et al. (2004) the same 2f@le (32 km)study area was covered

by one pair of users on ATYVO s , hikestotraversesheof mo u
distance in the time allotted.

I n 2000 a review focusing on ATV6s and ORV©Os
and LaPointe 2000T.heir key findings were that the impacts were similar for all types of
motorizedvehicles; the rain differences were due to more intensity of use or the level of

fragility of the affected environment. In western habitatdlife are negatively impacted by the
presence and noise of ATVs, ORVs, and snowmobiles, although some mammalke(deer,

examplg may become, over time, habituated to these vehistesvmobiles compact insulating

layers of snow anthus compromise the habitat of mammals living below the snow layer. Since
snowmobiles share the same noise characteristics as ATVs and ORVs, thayt oredup stress

on large ungulates, including moose and d&&k use has been found to widen and rut forest

roads, and to increase tbediment load to streams which may threaten fishésiedgowski and
LaPointe 2000)The U.S. Forest Service publishetesiew of recreation impactnd their
management in wilderness (Leung and Marion 2@08)s e d u p dnoctotaldissertgtions

in the Great Smoky Mountaigsn d Ma r i o n AJait LeadesardsSciantisat thel)SGS
Patuxent Wildlife Research Cent&his paper summarizes the impacts of direct effects of
recreation on soil, vegetation, wildlife, and water, as well as indirect/derivative effects. Direct
effects on wildlife include habitat alteration; loss of habitats; introduction of exotic species,
wildlife harassment; modification of wildlife behavior; and displacement from food, water and
shelter. Indirect effects include reduced health and fitness; reduced reproduction rates; increased
mortality; and community composition changes (Leung and Mafo@ R

A literature review in 2009 reviewed impacts on 21 wildlife speiciddount Spokane State

Park in Washington and documented studies that found impacts on elk and wolverine among
other speciegSnetsinger and White 20p9he mere presence of trailegatively impact14 of

the 21 species, and areas of concentrated recreation/recreational development negatively
impactedan additional species. Just human presence/wildlife observation was documented to
impact 9 of the 21 focal species. Snowmobilesavike only motorized form of recreation
included in the review; they ranked highest of recreation types in terms of the number of focal
species impacted (7 of 21 species). Noise, speed, and ability of snowmobiles tergib lddély
contribute to theirelatively high level of impact. Horseback riding and biking were documented
to affect notably fewer of the focal species (1 and 2, respectively), but very few studies in this
review included these forms of recreat{@metsinger and White 2009

Anotherreview in 2009 compared impacts of hiking, mountain biking, and horse riding on
vegetation and soil@ickering et al. 2009)0verall they found that there had been little research
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at that time related to horses and biking compared with hiking. Theypdaludle thattiere are
specific impacts of horses such as those associated with manure and urine, grazing and the
construction and usa tethering yards and fences. Mountain bike specific impacts include soil
and vegetation damage frakidding and the atstruction of unauthorised trails, jumps, bridges
and other trail technical featur@Rickering et al. 2009)

A review in 2010 by the Miistakis Institute in Canada (Quinn and Chernoff 2010) fouralthat
trail use has environmental effectfieTmost detmental environmental effects (especially to
soils and vegtation) occukvhen a trail is first constructe&ffects on soil and vegetation are
difficult to evaluate regarding hiking versus horseback versus wheels. Effects on wildlife are
generally more prwounced with mountain bikes than with either hiking or horseback, generally
due to the O6sudden encount.erd effect (Quinn a

Travel Plans

Up until 2005 a Travel Plan was required as a part of each Forest Plan. At that point the Forest
Senice determined that Forest Plans are strategic documents, they do not make final agency
action decisions, whereas Travel Plans are decision documents. This thinking culminated in the
revision, in January of 2005, of the regulations for implementing themdt-orest

Management Act (NFMA) at 36 CFR 219.

After 2005, the Forest Service no longer proposed to incorporate the route designation decisions
and programmatic direction of the Travel Management Plan as part of the Forest Plan. Instead,
the Travel Maagement Plan would be a stamldne document. In summary, the revised

regulations at 36 CFR 219 direct that Forest Plans no longer make final agency decisions. The
proposed Travel Management Plan would make final agency decisions (e.g. appropriate uses of
roads and trails) and therefore would not be consistent with the principles of a revised Forest
Plan.

The Gallatin Forest published the first Travel Plan in 1977 as part of the Gallatin Forest Plan. It

was revised in 1978, 1980, 1982, 1983, 1987, 1996,18099, 2003 and 2006. In 1977 there

were 27 miles of road in the WSA; 8.4 miles of National Forest, and 18.6 miles on private land.
There were 175.5 miles of Forest System trails. In 1977, essentially all of the trails on the west

side of the HPBH studgrea, the Gallatin Crest trail, and the Tom Miner trail on the east side,
were only open to motorcycles or trail vehicl
was totally restricted on 3 trails: the Skyline Ridge trail along the Yellowstonensdaiark

boundary, the South Cottonwood trails, and the Big Creek trail.

All the remaining trails on the east side of the Gallatin Divide were open to all types of summer
motorized use, including jeeps and thveeeeled trikes. In reality though, only tBeuth Rock,
Blackmore, Middle Fork of Hyalite, and East Fork of Hyalite Creek trails had legal public

access. Further, they were essentially only used by motorcycles because they are too steep and
narrow for larger vehicles.

In the winter of 1977, most difie HPBH study area was unrestricted to snowmobiles, with two
exceptions. Snowmobiles were restricted to the Big Sky snowmobile trail in the entire Porcupine
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drainage and a portion of the Bozeman Creek drainage was closed to snowmobiles. In spite of
the fact that most of the study area was technically open to snowmobile use, they actually only
used a small portion of it. Snowmobiling on the entire east side of the study area was extremely
limited or nonexistent in 1977 (Schlenker 2003).

In 1991 the defirii on of trail vehicles was changed f
total widtho to fia motorized vehicle | ess t
motorcycle, mopedoratler r ai n vehicle. 0O

ro
h a

The Bozeman Ranger District issued a sgeribsure order in 1997 that restrictstalirain

vehicles (ATVs) and fouwheeled vehicles from the Porcupine and Buffalo Horn drainages, an

area totaling around 49,000 acres. This special order was enacted under emergency closure order
authority, in reponse to soil and vegetation damage from ATV use in fragile wet areas and on
singletrack trails. This order was reissued every year sincertgmal order expired on May 1,

2003.

In August, 1999, the West Pine, North Dry, and Eightmile trails on tadston Ranger
District were closed to motorized vehicles by special order.

In January 2001, the Regional Forester issued a decision that prohibitsaurng8y motorized
wheeled vehicle travel on all National Forest lands in a tbit@te area (Montan&lorth Dakota,
and parts of South Dakota). Thiscggon (known as the 2001 OHV (dfighway vehicle)
decisionrestricts motorized wheeled vehicles to existing roads and trails on National Forest
lands, and requires that vehicles fit entirely within tbedror trail tread for legal travel. The only

exception would be if that route was designat
map.
Il n the fall of 2002, a Abenchmarko travel pl a

generate fedback on travel management issues and initiate conversations and collaboration on
travel management with other agencies and interested parties.

The benchmark includes road and tspkcific suggestions for one possible way to manage

travel in the futureWithin the HPBH study area, it proposes to eliminate ATV use and reduce
snowmobile use to a smaller area. It also proposes to reduce motorcycle use on existing routes,
and restrict summer motorized use to designated routes only. The benchmark is ant@attempt
model a travel scheme that more closely resembles 1973l ase within the study area.

In 2006, the Gallatin National Forest published its Record of Decision for the Final Travel
Management Plan. The Decision established summer and winter travejemesma direction

across the entire Gallatin Forest, including the HPBH WSA. This Decision received 113 appeals
in 2007 and was subsequently upheld by the Regional Forester, in response. Citizens for
Balanced Use (OBU) filed suit on the Travel Plan initsrety, and the Montana Wilderness
Association, Greater Yellowstone Coalition, and The Wilderness Society challenged the WSA's
management direction. All complaints were joined and addressed in District Court. The court
ruled on these complaints in SepteanB009, upholding the Travel Plan Decision in all areas

other than the HPBH WSA. Within the WSA, the travel decision was enjoined, and in its place
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the Gallatin National Forest implemented interim summer and winter travel orders further
restricting mechamed and motorized travel within the HPBH WSA. This winter interim order

was promptly challenged in District Court by OBU. Shortly after the 2009 District Court ruling,
the Forest Service and OBU appealed the District Court Decision to the 9th CircujtiCour
December 2011, the 9th Circuit Court ruled that the 2006 Travel Plan Decision within the HPBH
WSA did not adequately protect wilderness character. On June 25, 2012, District Court Judge
Hadden found that OBU's subsequent suit had been "squareleasby the & decision in the

case of Russell Country Sportsmen v. United States Forest Service and granted the defendants
motion for summary judgmerithus the 8 Circuit Courthas affirmed that the HPBH WSA has
important characteristics of wildernassit should be protected, at least until Congress decides
otherwise.

Changes in travel management were summarized by Clark et al. (2012) in Table 1, below:

Table 1. Summary of travel management, 1977 to 2011

1977 Mileage | Pre-2006 Travel | 2006 Travel Interim Travel Plan

Plan Decision Plan Decision | Orders Mileage -
Mileage Mileage 2011/2012

All trails 205 205 208 208

Open to motorcycles, 188 * 136 68 39

mountain bikes, foot, and

stock

Open to mountain bikes, 205 205 100 21

foot, and stock (not

motorcycles)

Foot and stock use only 17 0 37 148

Timeshare trails 0 0 +15 +15

Miles of snowmobile trail ** | 12 12 12 12

Approximate open 136,000 acres | 112,000 acres 11,000 acres 2,666 acres

snowmobile area

* While trails were legally open to mountain bikes in 1977, they were not likely present.
** This mileage represents the Big Sky Snowmobile Trail running north to south from Portal Creek exiting at Buffalo
Horn Creek, the only official sanctioned snowmobile trail in the WSA since 1977,

Tablel. Summary of travel management in the HPBH WSA (from Clark et ). 20
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Key Habitat Areas for Key Species
Background

an-i-mal (ante-mel) noun [Lat.< animalis, living < anima, soul.]

A multicellular organism of the kingdom Animalia, characterized by the capacity for locomotion, fixed

bodily structure, restricted growth, nonphotosynthetic metabolism, and an ability to recognize and

respond to stimuli. (Websterds 1 1. New Coll ege Dicti

The very definition of an animal implies movement. Animals move across landscapes to meet
daily, seasonal, and lifetime needs. Such movements argsaegéor survival of individuals

and the persistence of the population and species. Movements occur across a wide range of
scales from daily movements (meters to kilometers) to seasonal migrations (tens to hundreds of
kilometers) to lifetime movementdh@iusands of kilometers in sum). A male grizzly bear in
Yellowstone, for example, requires about 90 kinhabitat during his lifetime and will

disperse, on average, about 200 km when he is weaned and leaves his natal area. The longest
recorded dispersalf a brown/grizzly beais 800 km. To allow dispersal of wideanging

species such as grizzlies and wolverines, and to allow seasonal migrations for species such as elk
anddeer connectivity(or habitat connection$ needed between secure habitat fiieeHPBH

WSA and other habitat cores within the region.

Climate Change

Climate change in the west will generally bring rising temperatures, declines in snowpack,

earlier spring snowmelt andduced late summer flows (McWetht al. 2010). The effects of

these changes on ecosystems will be complex and difficult to predict or manage. They have been
summarized as:
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filnvestigations of the past suggest thatslveuld expect dynamic and rapid ecosystem
response to changing climate conditidmgt in ways thaimay be difficult to predict.
Paleoenvironmental records illustrate tivaile existing biomes have experienced
distribution shifts, they have been resilientlimatic change across multiple time
scaleqe.g., decadal to millennial). They also suggestyever, that we should
anticipate increaseektreme and unforeseen disturbasgeergisms; increased tree
mortality, shiftsin treeline position, and nemative planinvasions; and ultimately
changes in plardtommunity composition, structure, afusthctionthat may constitute
novel vegetatiomssemblages. This poses significant challefaegeveloping
management plans, bsthould not deter an adaptive managena@ptroach that allows
for reassessment anabdification of management strategies in ¢bening cecades. By
using scenario planningianagers can consider a wide range of poskihlee
conditions to examine potentiahjectories of ecological change. Managiagfuture
conditions will, at the least, involae continuation of welestablished resoce
management and conservation practic@dcWethy et al. 2010)

In one of the earliest papers on climate change in the, ®6Ehme and Turner (1992) reported
climate change predictions that were mhd#ore climate science became as rigorous and
guantitdive as it is today. The early predictions were much less confident than they are today
and did not address the ecological consequences of change, a feature thatatarow

understood. Their predictions however are still applicable today, but cureelttpns are more
specific and more refined (Romme and Turner 2015). These are discussed later in this section.

Another early analysis of the GY(Bartlein et al. 1997)suggested thahanagement agencies
were illequipped to deal with these changes

GThe projected climate changes within the Yektone region and the individuam displayed by
species in their potential range adjustments are equal or greater than the changes seen in the
paleoecologic record during previous warming intervals. Althahghresults support conservation
strategies that include habitat connectivity, the magnitude of the changes may exceed the ability of
species to adjust their ranges. The predicted patterns call into question the adequacy of current
management objectives toope with the scope of future changés.

Since that time (1997) many agencies have revisedglaining approaches try to cope

better with climate chang&he USS has established a Climate Change Resource Center
(http://www.fs.usda.gov/ccrito connect land managers and decision makers with useable

science to address climate change in planning and applicAtditional climate change

initiatives are discussed earlier in the Forest Plans section. @me B$ directivesThe FS

ONati onal Roadmap f or R(ESDAGEaedtiSergce20pl Cl i mat e C
(www.fs.fed.us/climatechange/pdf/Roadmapfinal odtates:

G ¢ 2 | RRriNS and vulineabilities associated with climate change, land managers
will need sciencdnased assessments of the relative vulnerability of key ecosystem
componentsand their ability to adapt to increased stress. These assessments will help
managers set fporities in maintaining healthy, resilient ecosystems and protecting
communities and infrastructure. Basing their decisions on such assessments, land
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managers can avoid fragmented, piecemeal approaeimesmake coseffective

investments. Vulnerabilityssessments will need to span the rangeobsystem

elements and values at risk. Designated wilderness areas and wild and scenic rivers will
need to be studied to help determine the potential impacts of climate change on these
unique resources and determertheir important role in adaptation and mitigation.
Vulnerability assessments are needed for communities, their institutions, and their
capacity to adapt to disturbances associated with climate chavigierability

assessments are the basis for definihg social, economic, and ecological costs of
inaction as a reference point against which to compare proactive adaptation measures.
Understanding climate change effects and the systems involved requires integration
across agencies, disciplines, and progsafumerous efforts to assess the vulnerability

of species, ecosystems, and communities are already underway, and additional efforts
are planned. Various methods have been applied and new methods are in development
to provide a reliable suite of tools fassessing various aspects of vulnerabiliyisting
vulnerability assessments will need to be synthesized and interpreted, using the results
to guide more targeted appraisals for forest and grassland ecosystems. Useful
assessments will require strong paerships among science, management, and
O2YYdzy Al AS&adé

A review to vulnerabilityanalyses and approaches relating to environmental change was
published in 2005 by W. Neil Adger (Adger 2008)guide to vulnerability assessments was
produced in 2011 by theational Wildlife Federation in collaboration with the US Fish and
Wildlife Service as a product of an expert workgroup which included scientists from the US
Forest Service (Glick, Stein, and Edelson 20AlWworkshop on climate change effects on the
Yellowstone River and sagebrush steppe ecosystems was held in Bozeman in 2008; reports and a
bibliography of related publications can be found onlinetit// www.nwf
wcr.org/ClimateChangeFWP2-08.htm Workshop results included management objectives to
maintain native sagebrush habitat and species, maintain water flows and native fisheries, and
maintain hunting and other recreational opportunities. Reflecting the seriousness of climate
change impacts, the workshop also found that:

fiThe next revision of the Montana Comprehensive Fish and Wildlife Conservation

Strategy needs facorporate risks from climate change, including a reframing of

management objectives and significaahsequences to wllte from climate change.

Other management plans like the elk plan and the Morterican Waterfowl

Management Plan also need to be revised to incorporate climate changet e e 6 s

ongoing planning effort on critical areas and corridors, which includpagts of climate

change as well as other factors such as developments and roads, already are starting to

incorporatesome needed new thinkidg

In 2008 The Wildlife Society published a special issue on climate change with a bibliography on
articles reléed to wildlife management and climate change (Ansu and McCarney 2008. available
online athttp://online.nwf.org/site/DocServer/NRNRGW-FWP-
TWSClimateChangeBibliography.pdf?doclD=62BAdditional information on climate change
impacts can be found in the sections of this report addressing individual species, below.
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Recent Climate Change Assessments have concluded that the GYE and Gallatin NF will
experience continued warming temperatures, decreasing springtime snowpack, and decreasing
late season soil moisture. The predictions are based upon the best Global Climate Models
downscaled to local topography using current climate trends from SNOTE(sdat&€hang and
Hansen 2015). The climate wgtobablybecome hotter and drier at lower elevations and hotter
with similar precipitation at higher elevatioRomme and Turner 1992, 2015his dryness at

lower elevations predicted by Romme and Turnekpvdbably be due to changes in water
balanceand is an average across the entire GYE; since precipitation is predicted to increase at
least in Gallatin County (see Appendix for more localized Gallatin County predictidrese
changes will result in ahger, warmer, and drier growing season than predeioch some
researcl{Hansen et al. 2015uggests is likely to lead tochange in species composition and
possible replacemebly sagebrusidominated communitie§ he patterns of change in
temperaturerad precipitation are not uniform across the landscape but vary according to local
topography, soils, and weather patterns.

These changes are already occurring. Currentiemy snowpack declines are found across the
western U.S. and are being causeddmygerature increases. (Tercek et al. 2015). Temperatures

at all elevations have warmed significantly since 1985; elevations below 6,500 feet have also
become significantly drier (Chang and Hansen 2015). Higher elevations have shown no
significant change iprecipitation yet, but as they continue to warm there should be earlier snow
melt leading to more prolonged drought stress later in the growing s@&s®marming is

associated with earlier spring snowmelt, warmer summer conditions, and a longer growing
season and fire season (Romme and Turner 2015). By 2040, conditions like those in 1988, when
the big Yellowstone fires occurred, will be fairly common (David Thoma, pers. comm.)

As climate change progresses there will be significant changes in the fardst Gallatin
Mountains and some shifts in the distribution of the wildlife species using them. Whitebark pine
is the most vulnerable of the tree species and has already ss#emdosses due to outbreaks

of mountain pine beetle fueled by warmiegnperatures (Logan et al. 201Bktimates of the

extent of lossewithin the GYEvary from a 20-30%infection ratgShanahan and Chambers

2014) to46% severe mortalitgnd 82% moderatm-severe mortalityLogan et al. 2013)n

addition the amount of aa with theclimatic conditions suitable Whitebark pigeowth is

predicted to dcreasén the future (Chang et al. 201&uitable area may decredsgm 21% of

the GYE to 11% or lesRRemaining suitable climate area for limber pine, aspen, dofiglas
lodgepole pine, Engelmann spruce, and subalpine fir will also decrease greatly, while conditions
and suitable areas for sagebrush and juniper will increase (Hansen et al. 2015). Climate
conditions will change enough that other species such as ponderosalldiaee favorable
conditions in the GYE.

The USGS has established the National Climate Change Viewer (NCCV
http://www.usgs.gov/climate_landuse/clu_rd/raop30.as@nd
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http://www.usgs.gov/climate_landuse/clu_rd/apps/nccv_documentation_)thatlincludes the
historical(past 56 yearsgnd future climate projections from 30 of the downstat®dels for

two of the RCP emissions scenarios; RCP 4.5 and RCRR8B4.5 is one of the possible
emissions scenarios in which atmosphgrieenhouse gd&HG) concentrations ardabilized

so as not to exceed akid50 ppm CAdequivalent(as of this rport the atmospheric GO
equivalent was 403.7RCP8.5 is the most aggressive emissions scenario in which GHGs
continue to rise unchecked through the end of the century leading to about 1370 ppm CO2
equivalentThe NCCV allows users to speojected changan climate (maximum and

minimum air temperature and precipitation) and the water balance (snow water equivalent,
runoff, soil water storage and evaporative deficit) for any state, county and USGS Hydrologic
Units (HUC).It uses the same water balance eisdised by Teek et al (2013) reported above
to predict changes in snowpdtk the GYEand by Thoma et al. (2013)ocalized predictions
for Gallatin County indicate that conditions may differ somewhat than the GYE av8mge.
relevant esults for theHPBH WSA are shown ithe APPENDIX. Results for prediction of
temperature changé&sthe HPBH WSAshow a steady increase in maximum average
temperature and minimum average temperaguen with the most optimistic scenario for the
shortest time fram@APPENDIX Figure27). This increase is fairly uniform throughout the year
and will increase by 6 10 degrees Fahrenheit by 21@Uesterling et al. 2011)

For Gallatin County as a whole, overall precipitatioayincrease slighttyAPPENDIX Figures
28-30). Precipitation will fall fairly uniformly across theounty APPENDIX Figure1).

If the model looks farther into the future, the trend of increased precipitation will continue
(APPENDIX Figure32) with greater increases south of the HPBWS&W Yellowstoneand
Grand Teton Parks

Averageannual mean precipitation will increase slightly into the future with relatively modest
increases by 210(APPENDIX Figure33).

The biggest change in precipitationGallatin Countywill come in snowfallamounts and

patterrs, and snow water equivalencé@PPENDIX Figures 34 through36). The higher

elevation areas like the HPBH WSA and Bridger Range will experience lower average snow in
the future while lower elevations in the NW part of the county should have just slghdy |
snow.As these predictions look farther into the future, the snowfall will continue to diminish.
Combined with the precipitation forecasts, these models predict less snow and more rain over
time with some localized differences in amouig.2100, unér scenari®.5 there will be an
average change of abouRlinches in snowfall.

Runoffin the future will follow a similar pattern to precipitation with increases in late winter and
spring, and decreasing after JUA® PENDIX Figure37). The higher elevain areas like the

HPBH WSA will experience lower total runoff in the future while lower elevations in the NW
part of the ounty should have higher runoff.

An average changeof£2 i nches doesndét seem | i ke much of
timing of events will havesignificanteffects on plants and animals in the HPBH WSA. Runoff
will start earlier in the year and drop off during the summer months. A comparison of the various
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model outputs shows broad agreement inrgspect with differences magnitude depending
on the modelAPPENDIX Figure38).

The website for the National Climate Change Viewer (NCCV,

http://www.usgs.gov/climate landuse/clu_rd/mop30.asy) allows a wde variety of

simulations to be run for all regions of the country. Regardless of the models used, there is a
consensus that total runaiff Gallatin Countywill not change greatly in the futurdPPENDIX
Figure39), but the timing of runoff will.

Anotherway to look at the effects of climate change is to analyze what changes in plant and
animal communities these differences in temperature and precipitation willTeve.

Conservation Biology Institute and the Klamath Center for Conservation Research have
developed a climate change tkibl(AdaptWest)o help planning for climate adaption. As the
climate warms, most regions will shift from their current climates by Z0B@.toolkit was
developed inresponsefox e c ut i v e @repaeng thelUhiGedt&es forithe Impacts of
Climate Changg was i ssued iToimplemeneattiore,thex2dutive3Qrder
establishen interagency Council on Climate Preparedness and Resilience, chaired by the
White House and composed of more than 25 agernsitions include developing actionable
climate science, launching a climate data initiative, and providing a toolkit for climate resilience.

To enhance the role of science in helping manage climate impacts, strengthen the climate

resilience of watersheds, nedliresources and ecosystems, and enhance adaptive capacity (the

ability of a system to adjust to climate change, moderated potential damages, and/or cope with

the consequences), AdaptWest is designed to provide spatial data on the location of potential

ref ugi a (areas with a high contribution to a | :
relative intensity of climateelated threats to ecosystem services.

AdaptWest can be usedltelp landmanagement agenciaad otheorganizationsmplement
strategieghat promoteaesilience, protedbiodiversity, ancconserve naturaksources in the face
of a changing climatdt uses a wide range of spatial data to provide regional analyses and
provides a bridge between climate and ecological data. Theetfateed are open, well
documented, and reliable.

It is especially useful in identifying future refugia which are key to promoting climate change
resilience A method of accomplishing this is to calculate the climate velocity of a given area:
velocity is he rate at which species must move to shift to areas of similar climate as their current
area changes. Climate velocity analyses can highlight areas with high adaptive capacity that may
serve as refugia, and also areas with high levels of threat to esossestvices. In areas with low
velocity of climate change, species can adapt if they can disperse faster than the velocity of
climate change.

Climate velocity data for all of North America at 1km resolution are available at:
http://adaptwest.databasin.org/pages/adaptwestelocitywna Among other results, it can identify
areas where current climates will disappear: be pushed off mountaintops and continents.
Analyses can be done in twirections. Future climate velocity predicts where current species
will go to (how fast will they need to move); Backward climate velocity predicts where species
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will come from (how distant are source populatio@ijmate velocity analysesn inform
guestions abouthe 1)Ability of resident species to persist locally or regiona)\Which areas
can best facilitate such persistenaad 3)Likely degree of community turnover

Analyses of climate velocity were run for the HPBH WSA #reheighboring rgion. These

show the predicted climate velocity for two time frames, 18955 and 1992085, under two
climate change scenarid?CP4.5 andRCP8.5 APPENDIX Figures40-43). These two

scenarios represent the extremes of most climate predictions; franogh®ptimistic (4.5) to

the most unfavorable (8.5). Given the slow response of most nations to reduce CO2 emissions,
the more unfavorable scenarios may in fact be the most redliatier any scenario, in general,
many refugia are midlope montane arsaespecially on nortbouth trending mountain ranges

such as the HPBH WSAhese are areas where the species present are able to move or down
slope to find suitable conditions.

The most optimistipredictionsare those mad®r a shorter time fram@ip urtil 2055) and
assuming great efforts are made right now in reducing greenhouse gas eni®Siers5) In
this scenario the HPBH WSA fares quite well amaist ofthe current species do not have to
move fast or far to find a similar climatic niche (plantianimal communities will not change
precipitously) Predictions for donger time framguntil 2085)andusing the samBCP 4.5
modelpredicts similar resultsAPPENDIX Figures44-45).

Evenpredictions assuminigw efforts are made right now in reduciggeenhouse gas emissions
(RCP 8.5)or ashorer time framguntil 2055) estimate thadPBH WSAwill fare moderately

well and speciewill have to movenoderatelyfast or far to find a similar climatic nichBlant

and animal communities will chantgss han regions to the south, but more than regions to the
north(APPENDIX Figure46).

Under a worstase scenario with @dictions for donger time framguntil 2055)andusing RCP
8.5 (which assumes little reduction in €&@nmissionsjhe HPBH WSA farepoaly and
speciewill have to moveveryfast or far to find a similar climatic nichBlant and animal
communitieghroughout the region will change greaffjne climatenicheon southkfacing slopes
north of Gardiner, Montana, will disappear as they beaewee drier and hotter. Potential
refugia will move north from thelPBH WSAand may be found in the Bridger and Bangtail
mountain ranges. This highlights the need for maintaining intact habitat for connectivity
northward from the HPBH WSA so that many speaan adapt by moving norfAPPENDIX
Figure4?7).

Human Shifts in Distribution Due to Climate Change

Another important effect of a warming climate that has not received much attention to date will
be large shifts in human populations as people migoadeeas with more favorable climates. It

is estimated that millions of people will leave their homes in coming decades in search of viable
livelihoods and safetw{arner et al. 2009). In poorer countries and communities, people will
probably stay until caditions become unbearable before moviPgor people are oftesxpod

to the impacts of climate changerethanothers because economic and political forces confine
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them toliving in high-risk landscapesThuspoor peopleespecially those in marginaéd social
groups are muchmore vulnerable to the impacts of climate chafWyarner et al. 2009).
Estimates of theurrentnumbers of migrantand projections of futureangefrom 25 to 50

million by the year 201(Myers 20010 almost 700 million by 20®% (Christian Aid 2007).A
middle of the road estimate B00million environmentallyinduced migrant®y 2050(Brown
2008). At the same time tleiman population is projected to grow from 6.8 billion today, to 9
billion by 2050(Warner et al. 2009)

Howe\er, relatively wealthier people have the option of leaving as soon as conditions become
uncomfortable and relocating in other areas where temperatures are not going to increase as
quickly or as greatly. In the United States there is already evidence maitiong from crowded,

hot, and dry landscapes to relatively cool, uncrowded regions with ample water such as Montana.
Gallatin County is one of the fastest growing counties in Montatiean estimated 100,000
inhabitants by 2017 (Bacaj 2013).0kt new aiivals are retirees or young professiongksople

over 65 will increase by 72% to 12,489 2017(Montana.gov 2013)Growth in Gallatin County

is 29% natural change (births minus deaths) and 71% due to migration (Headwater$ta614).
trend has continuesince at least 2003 when most newcomers were relatively wealthy compared
to the state average per capita income (Schlenker et al. 2003) and were older retireeshattracted
scenery, quality of living, and outdoor recreation activities like skiing andhggluSDA 2002)

Gall atin Countyods growing p o pladorancame,gsuchas i ncr e
dividends, interest, and rent (Headwatéconomics2014), reflecting a population that has more
leisure time for recreation and other pursuitsadwaters Economics has developed an

interactive websitéor theGreat Northern Landscape Conservation Cooperédive
http://headwaterseconomics.org/dataviz/atjakd) to trackeconomic, &nd use, and climate

changes by county in Montana and other NW stdtesrage temperature in Gallatin County
increased about 1 degree F versus 198¥1 and precipitation was relatively stable from 1970
2011, but snow water equivalent dropped about 20#ewgrowing degree days and
evapotransporation increaséshllatin County saw over 15% growth in jobs from 2@ 1

while the population grewy over 20,000 peoplé&ervices and Nolabor were the greatest

sources of income growth with services contiitbgiover 65% of jobsThis report on the WSA

is not intended as an economic analysis, but the implications of demographic changes in Gallatin
County are that pristine natural areas like the HPBH WSA will see accelerating pressure from
recreationists as mempeople move into the area.
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Bighorn Sheep

Bighorn $ieep(Ovis Canadensisyraze and browse in a variety of habitats generally adjace
cliffs or other steep escape terrdiimey often share those habitedgmpatry)with Mountain
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goas (Oreamnos americanidn the Madison Valley Wildlife Assessment conducted by the
Wildlife Conservation Society, protection Bighorn sheepabitatalso protected 108ut of 411
other species (Brock et al. 200B)ey are a focal species for alpine and subalpine habitats in
particular.Information on Bighorn ecology can be found on the Montana Field Guides at:
http://fieldguide.mt.gov/speciesDetail.aspx?elcode=AMALE04010

Bighorn $ieep are native to the Gallatin Range, uniauntain goat which were introduced
elsewhere in the GYE and have expanded into the Gallatin REngje are 28 recognized

bighorn herds in the state of Montaikerds are named according to the location of their winter
rangesGehman (2010) reported that four of these herds or subpopulations utilized portions of
the Gallatin Ranga the HPBH WSASunweys by Wild Things Unlimited in Tom Miner Basin
indicated thaBighorn sheemumbers declined from the 198988period to the 2002008

period, including the Ramshorn Peak/Trail Creek area of the HPBH WSA which declined from
47 to 14 maximum number obsed/(Gehman 2010).

FWP has conducteBighorn sheeperial surveys in collaboration with the Northern

Yellowstone Cooperative Wildlife \Wking Group in the upper Yellowstone area since 1991.

The portion of the HPBH WSA south of Big Creek was included meffort. These surveys

were expanded into the Gardiner Basin and Yellowstone National Park (YNP) in 1995. Gehman
(2010) surveyed the Gallatin Mountains including the HPBH WSA and documented additional
Bighorn sheemorth of Big Creek near Hyalite Peak dfridley Creek.

GYE Bighorn Sheep
Photo Credit: Lance Craighead

Kristin Legg studied the movement patterns and habitat use of the Tom Miner and Point of
Rocks bighorn herds during 1994 and 1995 for
(Legg, 096). Ten radiecollared ewes were tracked from their winter ranges. The Point of Rocks
ewes utilized summer range in Hyalite Basin around Hyalite Peak, and moved to the Cinnabar
winter range during the rut before returning to Point of Rocks for the wirtterPoint of Rocks,
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and other herds wintered at lower elevations of 13000 m (1,508,560 ft) in drier grass and
sagesteppe communities. Wintering sites in Tom Miner were generally on soutfagex)

slopes between 186500 m (5,9068,200 ft) within 100 m of escape terrain (cliffs). Wintering
areas included whitebark pine, subalpine fir, bunchgrass, and subalpine vegetation types. All
herds used summer range above 2000 m on ridge tops and alpine meadows.

In 201Q The Mountain Ungulate Research laiive was begun by Dr. Robert Garrott and Dr.

Jay Rotellaat Montana State Universi{iiSU), with Dr. PatrickWhite at Yellowstone National
Park(YNP) with the National Park Servic&éarrott et al. 2010 This is a long terngollaborative
effort to advane understandin@f Bighorn sheend Mountain goatcology. The focus is on

spatial and population ecologyvestigations have begun in the GYE and Gallatin Mountains
including the HPPBH WSA and NW Yellowstone PdPkimary objectives of the studies indti

1) understanding the ecological interactions between sympatric populations, 2) developing and
refining habitat suitability models, 3) documenting spatial dynamics within and among
populations and identifying important movement corridors, 4) colleciilagrate data to better
understand population dynamics, and 5) investigating potential responses of bighorn sheep and
mountain goats to gradual changes in the regional clif@eeott 2011) This effort has also

been referred to @&Comparative studies gympatric bighorn sheep and mountain goatsen th
Greater Yellowstone Ecosystem ( Gehman 2010) .

In 2014,The Mountain Ungulate Researttitiative began a €/ear collaboration with a larger
group of agencies, institutions and foundations. Informatiores@arch and results is available

at the Montana State Universiountain Ungulate Researgfebsite
(http://www.mtbighorninitiative.com/home.htl This ongoing work includes two projects: the
Greater Yellowstone Area Mountain Ungulate Project
(http://www.mtbighorninitiative.com/gyamdpome.html) and the Montana Statede Bighorn
Sheep Initiativel{ttp://www.mtbighorninitiative.com/mteihome?2.html which is a

collaboration between MSU and FWP. The Bighorn Sheep Initiative is funded with $1.2 million
from hunting permit sales arfidderaltaxes on the sale opsrting arms and ammunition
(PittmanRobertson funds).

As a part of te Mountain Ungulate Researéhoject(Garrott et al. 2010, 2011heginning in

2010,Mike Sawaya developed databases for storing point, polygon, and demography data for
bighorn sheep ahmountain goats (Sawaya 201B)izabeth Flesch analyzed histobighorn

shesp and mountain goat populatioounts to estimate herd growth ratéstotal of 538 bighorn

sheep counts since 1971 showed variable growth rates among the 26 herd un(Eeatidre

Yellowstone Area (GYA). There was no evidence that mountain goats sharing habitat with

bighorn sheep adversely affected the bighorn populatattm®ugh detecting and counting these

species is difficultand is also a factor in the variability @dunts (Flesch and Garrott 2012)

Carson Butler examined climatic variation and age ratios in bighorn sheep and mountain goats in

the Greater Yellowstone Area (Butler and Garg®12).Megan OO Rei |l |y assesse
selection of bighorn sheep and moumigoats in northern Yellowstone to examine the potential

for competitionandod evel op enhanced habit alessetDedoe!l s ( O6 R

50


http://www.mtbighorninitiative.com/home.html
http://www.mtbighorninitiative.com/gyamup-home.html
http://www.mtbighorninitiative.com/mtbi-home2.html

began investigatinthe possibility of competition betwed@ighorn shee@nd Mountain Goats
by evaluatingootential niche overlap of the two spegibat was unable to collect enough data
on Bighorn sheepluring the study periofDeVoe 2015and Pers @mm). A current student,
Blake Lowreyis investigatingoverlap and competition using GPS data from both species

Results of th014aerial surveys by thdorthern Yélowstone Cooperative Wildlife \Wking

Group conducted by Karen Loveless with FWecorded thathe Point of Rocks subpopulation
consisted of 42 sheep (26 ewes, 4 lambs, and 12 rams). The Tonhklideonsisted of 56

sheep (29 ewes, 15 lambs, and 12 rams). The YankdeQorwin herd numbered 32 sheep (9
ewes, 4 lambs, and 6 rams). The Beattie Gul€imnabar herd numbered 89 sheep (47 ewes, 12
lambs, and 30 rams). All of these subpopulation® haereased since the surveys began in
1991, the Tom Miner and Beatt{@innabar herds declined from 2013 to 2014 byra8a

animals respectively, but weestill above earlier numbers These herds comprised a total of 219
bighorn sheep in 2014 (Loveless 12).

The Point of Rocks herd moves north about 16 km to summer range in the HyaliteTBasin.
Tom Minerherd winters on the south side of Tom Miner basin and smiveut 6 km northwest
to summer on Fortress Mountain (Leg@éPand Ramshorn Peak (Lovel@8d4). The
CinnabarBeattiebighornherdspend the summer months in the high country alonghtbeser

of Yellowstone Parkear the aptly named Bighorn Pdakveless, 2014, DeVoe, 201Bigure

Legend
~ HE ®  SHEEP
DvnmmneNP :

Figure?. Bighorn Sheep GR&ations in the southern HPBH WSA.
Creditc Jesse DeVoe.
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The Mountain Ungulate Researetojectcurrently includes the thesis research of Jesse DeVoe
at Montana State University. Figurg9 and10were provided by Jesse DeVoe.

Winter ranges of theseelds are located primariBlong the Yellowstone River and Tom Miner
Creek (Figures).
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Figure8. Locations oBighorn sheepluring 2014 spring aerial surveys.
Credit Karen Loveledsish, Wildlife, and Parkisoveless 2014)

Vulnerability

Bighornsheep populationsere brmerlyabundanthroughout western North America buany
declined or wes eliminated by the early 1908se to ovethunting, disease, competition with
domestic livestockor forage, and competitiowith humandgor space (Beuchndr960).

Although the GYE can be considered a strongholdfghorn sheejin general, some herds

have declined in recédecades. Currerttiteats to Bighorns include disease, habitat loss,
competition,and climate changét is likely that allBighorn sheepopulations in Montana are
carrying some level of disease and parasites contracted in part by contact with domestic sheep in
the pas(Garrott perscomm.2015. Climate change will affect plant communities and timing of
events (pherlogy) and mayeduce habitat for Bighorns in the future; however, changes in the
HPBH WSA should be less than in other parts of the GYE (see APPENRDI¥@neral, bighorn
sheep are forced to lower elevations by weather conditions during winter wheeedluyser to
roads and human disturbance. Many individuals become habituated to human activities in this
manner. In spring and summer, they can move to more remote areas with less disturbance.
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Lamhbing areas, in particular, are areas with little humaruthsince and are near escape terrain.
Except for hunting, most human activities are tolerated by most bighorn sheep except when
approached too closelRomestic sheep grazing in areas inhabited by bighorn staeep
introduce pathogens that the wild sheeprauch less resistant to than the domestic hosts
(Clifford et al. 2009).

Mountain Sheep and Pads

Miller and Smith (1985) examined 1150 behavioral responses of desert bighorns to potential
disturbances in Arizona and found that sheep exhibited stroraygiores to 1 or 2 humans on

the ground than to parked vehicles or aircraft. Interactions with moving vehicles were not
analyzed. In some cases, stress from human disturbances can be serious for individuals and
eventually for populations, and was consagdkto be a factor in the loss of two California
populations (DeForge 1981). In general, the closer the disturbance occurs, the farther sheep will
move to get away (Hicks drElder, 1979; MacArthur et..al979, 1982) but there is a great
amount of varialiity in sheep reactions (Miller and Smith 1985). Also, in addition to overt
behavioral responses to human activities, bighorn sheep have been shown to respond at a
physiological level, with elevated heart rates and blood cortisol levels, without shavvayd
sigrs of stress (Harlow et..all987; MacArthur et. al., 1982).

Other studies have indicated that in some cases bighorn sheep may not be disturbed by the
presence of people (Russo, 1956; Geist, 1971), although these observations were not as
guanttative as those of Miller and Smith (1985). In some cases, sheep appear to be able to avoid
disturbances caused by most recreational activities (excluding hunting) and such uses were not
considered to affect populations (Hicksd Elder, 1979; Purdy andh&wv;1980,Purdy1981;

Hamilton et. al., 1982). Bighorn sheep have become habituated to people and vehicular traffic
around gas well sites in Alberta where sheep have abandoned traditional mineral licks in order to
lick pipes and equipment containing sadi and other chemicals. Sheep were also found to eat

soil containing minerals used in drilling and testing and mitigation measures were proposed to
prevent access of sheep to potentially toxic compounds (Morgantini and Bruns, 1988;

Morgantini and Worbets,988). These studies indicate the possibility of impacts from above
ground facilities and accidental spills or leaks.

Important Habitat Areas

Important habitaturrently occupieavithin the HPBH WSA includes the Hyalite Basin around
Hyalite Peak; th high country around Ramshorn Peak and Fortress Mountain; and the area
around Bighorn Peak along the border of Yellowstone National Rhgkation routes between
these summer ranges and the winter ranges at lower elevations are also crucial to ngaintainin
these subpopulations.
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Bighorn Sheep and Connectivity

Bighorn sheep are a classiesélected species. In other words they have evolved a life history
strategy that depends upon long lifespans and low reproductivéMatearthur and Wilson
1967) They tend to develop populations that live at fairly high densities close to the carrying
capacity (K) of their environmeriGeist 1971) Their offspring develop slowly and they have a
complex social structure based upon family groups. They do not colonizareas easily due to
the fact that female animatisnd todispersenuch shorter distances than malésailsmann et al.
1999,Epps et al. 2007), particularly into unoccupied habitikie grizzly bears, theiend to
expand their occupied area graduallyhaiigmale offspring staying with or near to their mothers.
Because their habitat is not continuous, this lack of dispersal means that herds tdrathép
stay in one place and grow until they are densely packed. As this happens, disease or other
causes bmortality mayreduce the herd size. However, even when stressed by hunger due to
overcrowding, the females do not disperse and colonize new habitats.

Connectivity for bighorn sheggrimarily requires habitat that males can move through from one
female ppulation center (herdptanother. For this to happehe herds need to liairly close to
one another with steep topography connecting them. For desert bighorn, Creech et al. (2014)
estimated a dispersal distance of 16.4 km in terrain with less tHat altpe, or 164 km in
steeper terrain (greater than 15% slopals desert bighorn sheep are 10 times as likely to
disperse through mountainous habitat as they are across valley béttots.climate warms,
sheep herds will increasingly occupy hab#Bhigher elevationfEpps et al. 2006) and those

with suitableconnectivityhabitat between them will be more resiliehtanslocation of bighorn
sheep to new areas as Ocritical nodes of conn
active dispesal corridors that restore connectivity (Epps et al. 2007). Recent experimental
translocations of bighorn sheep in the Madison drainage by FWP and MSU (Garratbpers
2015 may establish new populations close to existing ones. This approach majubalasg

the HPBH WSA to improve connectivity and provide resilience to climate change.

Literature Cited

Brock, B.L., E.C. Atkinson, C. Groves, A. Toivola, T. Olenicki and L. Craighead. 2006. A wildlife
conservation assessment of the Madison Valleyntdoa. Wildlife Conservation Society,
Greater Yellowstone Program, Bozeman, MT.

Beuchner, H.K., 1960. The bighorn sheep in the United States, its past, present and future. Wildlife
Monographs 4, 4174.

Butler, C.J., and R.A. Garrott. 201@n@&tic Variation andAge Ratios inBighorn Sheep andMountain
Goats in the Greater Yellowstone Arda: Greater Yellowstone Area Mountain Ungulate Project
2011 Annual ReporANDThe Wildlife SocietyMontana Chapter Conference 2012
Intermountain Journal of Sciencéfl. 18, No. 4, 2012

54



http://nebula.wsimg.com/fb6dfd11e0c794ea3c4651c8f592b888?AccessKeyld=C0136292334B13
3C4030&disposibn=0&alloworigin=1

Clifford, D.L, B.A. Schumaker, T.R. Stephenson, V.C. Bleich, M.L. Cahn, B.J. Gonzales, W.M. Boyce, J.A.K.
Mazet. 2009. Assessing disease risk at the witdiNfestock interface: A study of Sierra Nevada
bighorn sheeBiological Congeation 142 (2009) 2552568

Creech, T. G, Epps, C. W., Monello, R. J., & Wehausen, J. D. 2014. Using network theory to prioritize
management in a desert bighorn sheep metapopulation. Landscape Ecology, 29{8).9605

DeForge, 1981. Stress: changingimmments and the effects on desert bighorn sheep. Desert Bighorn
Council Trarections 25:16 25

DeVoe, J. 2015. Occupancy Modeling of Native Mountain Goats in the Greater Yellowstone Area.
Unpublished MSc Thesis. Montana State University.

DeVoe, JPers. Comm. 2015. Thesis Defense presentation, Montana State University, Ecology
Department. February 2015.
http://nebula.wsimg.com/c297162c3abafe7962f2fe413526b37d?AccessKeyld=C0136292334B1
33C4030&disposition=0&alloworigin=1

Epps C.W., Palsbgll P.J., Wehausen J.D., Roderick G.K., McCullough D.R. 2006. Elevation and connectivity
define genetic refugia for mountain sheepdsnate warms. MacularEcobgy15(14):429%
4302

Epps C.W., Wehausen J.D., Bleich V.C., Torres S.G., Brashares J.S. 2007. Optimizing dispersal and corridor
models using landscape genetics. Journal of Applied Ecology 44(#)2A14

Flesch, E.P., and R@arrott. 2012. Population Trends of Bighorn Sheep and Mountain Goats in The
Greater Yellowstone Area. I@reater Yellowstone Area Mountain Ungulate Prop@t1
Annual ReportANDThe Wildlife SocietyMontana Chapter Conference 2018termountain
Jourral of Sciences, Vol. 18, Ne412012 Pp 6263.
http://nebula.wsimg.com/e3df0a688b341b62b06e82230680c440?AccessKey|d6ZIPRER4B
133C4030&disposition=0&alloworigin=1

DFNNRGGEZ wo! o3 W w2iStfl X ad hQwSAatftes ad {I gl &l
Yellowstone Area Mountain Ungulate Proje@010 Annual Report.
http://nebula.wsimg.com/6b0b6efffa60580bcc97¢61262a1b304?AccessKeyld=C0136292334B13
3C4030&disposition=0&alloworigin=1

DFNNROGGZ wo! o WO w2 Bulldr, E.IFEscha and M. SawSyk. 2018 The Gigateb S+ 2 S =
Yellowstone Area Mountain Ungulate Proje@2010 Annual Report.
http://nebula.wsimg.com/abcbd1889dd080f7d54513405b42c953?AccessKeyld=C0136292334B
133C4030&disposition=0&alloworigin=1

Garrott, R.A. 2011The Mountain Ungulate Research Initiative: A Collaborative Effort To Advance
Understanding Of Bighorn Sheep And Mount@ioat EcologyUnpublished abstract of a
presentation at theMontana Chapter of the Wildlife Society 49th Annual Meetfepruary 22
25, 2011 in Missoula, Montana.

55


http://nebula.wsimg.com/fb6dfd11e0c794ea3c4651c8f592b888?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/fb6dfd11e0c794ea3c4651c8f592b888?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/c297162c3abafe7962f2fe413526b37d?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/c297162c3abafe7962f2fe413526b37d?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/e3df0a688b341b62b06e82230680c440?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/e3df0a688b341b62b06e82230680c440?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/6b0b6efffa60580bcc97c61262a1b304?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/6b0b6efffa60580bcc97c61262a1b304?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/abcbd1889dd080f7d54513405b42c953?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1
http://nebula.wsimg.com/abcbd1889dd080f7d54513405b42c953?AccessKeyId=C0136292334B133C4030&disposition=0&alloworigin=1

Garrott, R.A. Pers. Com2015.0ral Presentation at FWP regional headquarters, Bozemartdva. 7
May, 2015.

Gehman, S. 2010. Wildlife of the Gallatin Mountains, Southcentral Montana. Unpublished Report
prepared for The Wilderness Society. Wild Things Unlimited. Bozeman, Montana. December
2010. 37 pphttp://www.hyalite.org/wp-content/uploads/2013/11/SteveGehmanWildlife-of-
the-GallatinRange?2012full-scientificreport-with-graphics. pdf

Geist, V. 1971Mountain sheep: a study in behavior and evolution. Univ. of Chicago Press, Chicago and
London. 382 pp.

Hamilton, K., S. Holl, and C.L. Douglas. 1982. An evaluation of the effects of recreational activities on
bighorn sheep in the San Gabirébuntains, California. Desert Bighorn Council Trans. 26:50 55.

Harlow, H.J., E.T. Thorne, E.S. Williams, E.L. Belden and H.A. Gern. 1987. Cardiac frequency: a potential
predictor of blood cortisol levels during acute and chronic stress exposure in Rockdih
bighorn sheep (Ovis canadensis canadensisadamburnal ofZoobgy. 65:2028 2034.

Hicks, L.L. and J.M. Elder. 1979. Human disturbance of Sierra Nevada bighornoglieapoflWildlife
Managenent. 43:909 915.

Krausman PR.V.SandovalR.CEtchberger1999.Natural history of desert bighorn sheep. In: Valdez
R, Krausman PR (eds) Mountain Sheep of North America. University of Arizona Press, Tucson

Legg, K. L. 1996. Movements and habitat use of bighorn sheep along the upper YellowstoWalRiyer
Montana. Unpublished Thesis. Master of Science in Fish and Wildlife Management. Montana
State University. 73 pp.

Loveless, K. 2014pper Yellowstone Bighorn Sheep Survey 2Qrpublished reportiMontana Fish,
Wildlife & ParksMarch and April 204

MacArthur, R.; Wilson, E.O. 196he Theory of lahd Biogeography (2001 reprintl £ Princeton
University Press.

MacArthur, R.A., R.H. Johnston, and V. Geist. 1979. Factors influencing heart rate in free ranging
bighorn sheep: a physiological appobeto the study of wildlife harassmer@aradianJurnal of
Zoobgy.57:2010 2021.

MacArthur, R.A., V. Geist, and R.H. Johnston. 1982. Cardiac and behavioral responses of mountain sheep
to human disturbanceburnal of WildlifeManaganent. 46:351 358.

Miller, G., and E.L. Smith. 1985. Human Activity in desert bighorn habitat: what disturbs sheep? Desert
Bighorn Council Traastions 29:4 7.

Morgantini, L.E., and E. Bruns. 1988. Attraction of bighorn sheep to wellsites and other man made
mineral licks alonghe eastern slopes of Alberta: a management concern. BéSymmsium
North AmericarWild Sheep and Goat Council 6:135 140.

Morgantini, L.E., and B.W. Worbets. 1988. Bighorn sheep use of a gas wellsite during servicing and
testing: a case study of impaahd mitigation Biennial Symposium North American Wild Sheep
and Goat Councd:159 164.

56


http://www.hyalite.org/wp-content/uploads/2013/11/Steve-Gehman-Wildlife-of-the-Gallatin-Range-2012-full-scientific-report-with-graphics.pdf
http://www.hyalite.org/wp-content/uploads/2013/11/Steve-Gehman-Wildlife-of-the-Gallatin-Range-2012-full-scientific-report-with-graphics.pdf

hQwSAttesr adr WowWd w2iSttlI YR wd! & DFEFNNRGGIDP HAam
Selection of Sympatric Bighorn Sheep and Mountain Goats in &ar¥ellowstoneln: Greater
Yellowstone Area Mountain Ungulate Proj@éil1l Annual ReporANDThe Wildlife Society
Montana Chapter Conference 2018termountain Journal of Sciences, Vol. 18, N4, 2012
Pp 7071.
http://nebula.wsimg.com/40437851f4be9ead389e8503907blee7?AccessKeyld=C0136292334B
133C4030&disposition=0&alloworigin=1

Purdy, K.G., and W.W. Shaw. 1980. Batonal use of desert bighorn habitat in Pusch Ridge
Wilderness. Desert Bighorn Courlgiinsctions 24:52 56.

Pudy, K.G1981. An analysis of recreational use patterns in desert bighorn habitat: the Pusch Ridge
Wilderness case. Desert Bighorn Coufreihsactions 25:1 5.

Russo, J. P. 1956. The desert bighorn sheep in Arizona. Wildl. Bull. No. 1. Arizona Game and Fish Dept.
153 pp.

Sawaya, M. 2010. Building Databases for Bighorn Sheep and Mountain Goats in theGhatén:
Yellowstone Area Mountainiigulate ProjecR011 Annual ReporANDThe Wildlife Society
Montana Chapter Conference 2018termountain Journal of Sciences, Vol. 18, N4, 2012
Pp 6263.
http://nebula.wsimg.com/826294734e03634d43a54d92960e97e7?AccessKeyld=C0136292334B
133C4030&disposition=0&alloworigin=1

Mountain Goat

Mountain Goat¢Oreamnos americanyigraze and browse in a variety of habitaféen sharing

those habitats witBighorn sheefgsympatry).They are opportunistic foragers and will eat

grasses, shrubs, sedges, lichens, herbs, and even conifer needles (Chadwidh&9&ae

generally found on or close to cliffs and other precipiteasin within 250400 feet of cliffs-

usually steeper than 2QGross et al. 2002, Poole and Heard 2088houghmountain goats are

not native to the HPBH WSA, they are a species of interest to many people who use the area for
recreation. Theymaybeonsi dered a O6focal speciesd or Ot a
Rule because of their public intereBhey are aocially populaandfi c har i smati c0 s pec
high watchablewildlife values but are viewed with concern by Yellowstone Natidpatk

because of their potential to damage alpine and subalpine plant communities (Lemke 2004) and
compete with bighorn sheefadditional information on ecology can be found on the Montana

Field Guide website at:

http://fieldguide.mt.gov/speciesDetail.aspx?elcode=AMALE02010

Mountain goats were never introduced into the Gallatin Range but FWP successfully introduced
them into the Crazy, Bridger, Madison, Absaroka, and Beartootgedretween 1941 and 1969
(Lemke, 2004 Picton and Lonner 2008These populations are all within 80 km of the HPBH

WSA and Yellowstone. Translocations that occurred closest to the HPBH WSA were: the West
Fork of the Gallatin River and the Spanish PeakbenMadison Range, Pine Creek and Deep
Creek in the Absarokas, and the Bridger Mountains (Gehman, 2010). The time and source of
their colonization of the Gallatin Mountains is not known; the earliest record was on Bighorn
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Peak along the Gallatin Crestif65 (Varleyl996; Gehman 2010By 2015 there were an
estimated 2,104 mountain goats in the Greater Yellowstone Area (GYA). It may have the
potential to support almost 9,000 if all suitable habitat is occupied (DeVoe 2015).

The Mountain Ungulate Researltitiative is a long terncollaborativeeffort to advance
understandin@f Bighorn sheend Mountain Goagcology(Garrott2011;Garrott et al. 2010,
2011.see discussion in previoBsghorn sheegection).As a part of thélountain Ungulate
ResearcliProject,several graduate students at Montana State University have conducted research
on both bighorn sheep and mountain goats as discussed in the pBigioas sheegection).

In addition,Jesse DeVo#tcused on understandiagd modeling théabitat seletion of

mountain goatbased uposloped terrain, ruggedness, forage availability, and heat load/solar
radiation Habitat selection was closely associated with terrain at one scale (500 X 500m) and
was associated with canopy cover, heat load, and vegetdta finer scal@DeVoe 2015)A

little over half (57%)of the suitable habitat in tH@YA appears to be already occupgathe
regionalpopulation may be able to increase in the futbivever, most of the habitat in the
HPBH WSA is already occupieRecent locations of GRagged mountain goats are shown in
Figure9, and locations of both mountain goats and bighorn sheep are shown inleigure
demonstrating the overlap in habitat use (sympatry) of these two species.

Mountain goats do not migrate wwer, gentler terrain in winter as muchBighorn sheepbut
either stay on high windswept ridges near cliffs, or move to bands of cliffs at lower elevations
(Chadwick 1983, Rice 2008, Poole et al. 200%ey have very low reproductive rates; young
goas grow more slowly thaBighorn shee@and females may not begin breeding until age 4 or
older(Cétéand FestaBianchet 2003, Fest@ianchetandC6té2008.
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Figure9. Mountain Goat GPS locations in the southern HPBH WSA.
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FigurelO. Bighorn Sheep and Mountain Goat GPS locations in the southern HPBH WSA
Credit: Jesse DeVoe

The 2014 Mountain Goat survey of Hunting Dist(idD) 314 covered all of the Gallatin Crest

and counted 18Mountain goats; the previous survey in 2011 counted 179. 42 groups of goats
were observed. Theopulation has been stable since 2011 bukidigoat ratio indicates that the
population is likely to increase (Loveless 2014). The population has been expsinde1990

when they were only found along the boundary of Yellowstone Park and near Ramshorn Peak.
Few goats were seen in the Sentinel and Hyalite areas in 1999 when the survey first included that
area, but now over 50% of themdation resides thef@&igurel1l).
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Vulnerability

Mountain goatsarely conflict or compete ih humans (Foss and Rognrud 197heir high
elevation habitat keeps them at a distance from most human activities. However, they are highly

prized for hunting (Gilchrest 1991) and mountain goat huritegsedor HD314are difficult
to obtain.Since P96, hunter success has been 80ke number of licenses in HD314 was
increased from 14 to 30 in 201@&nd up to 31 in 201®ased upon higher numbers observed

during the 2011 survey (Loveless 2014).
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Mountain goats are most at risk during winter becausieeodiifficulty in moving and foraging

through deep snowCtéand FestaBianchet 2008 They are especially sensitive to disturbance

at this time of yearThey can be displaced by helicopte€H1{€1996, Goldstein et al. 2005) and

do not learn to habituatto them. They would likely be disturbed by helicopter supported

activities such as recreation or exploration (Weaver 20d4lberta, researchers found that

they were disturbed by ATVs, and recommended that ATV use should be regulated in areas with
Mountain GoatgSt. Louis et al. 2013)

Threats to rountain goaténclude disease, habitat loss, competition, and climate change. Climate
change will affect plant communities and timing of events (phenology) and may reduce habitat
for mountain goat# the fuure; however, changes in the HPBH WSA should be less than in
other parts of the GYE (see APPENDIX).

Important Habitat Areas

Important habitacurrently occupieavithin the HPBH WSA includes the Hyalite Basin around
Hyalite Peak; the high country arouRdmshorn Peak and Fortress Mountain; and the area
around Bighorn Peak along the border of Yellowstone National RasKikely that nountain
goatsmay continue to expand into all suitable habitat within the HPBH WSA although most
habitat appears to laready occupied (DeVoe 2085d DeVoe pers. comm. 2015

Mountain Goats and Connectivity

Mountain gats are better dispersers thigighorn sheegFestaBianchet and C6t2008 and can
colonize new habitat more readily as seen by their success in expdmeir range in the GYE

and the GallatitMountains They are rarely found at lower elevations however, and require
mountainous terrain to connect populations or to disperse to newBogasales and females
may disperse, but more likely males, andenbeen recorded travelling an average of 25 miles in
Olympic National Park with a maximum of about 55 miles (Stevens 1988)HPBH WSA is
important for connectivity nortBouth for existing mountain goat populations and as a refuge as
the climate warms.
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Cutthroat Trout

Both Yellowstone Cutthroat Troubficorhynchus clarkia bouviery¥CT)) and Westslope
Cutthroat Trou{Oncorhynchus clarkii lewisMWCT) subspecies currently inhabit streams in the
HPBH WSA(Figure ). TheYCT were indigenous to the Yellowstone River drainage and
WCT were indigenous to the Gallaftiver drainage. Most streams also contain-immtigenous
Brown, Brook, and Rainbow TrouBoth species afrout are common in headwatgliake, and
stream enviroments. They feed primarily on aquatic insect life and zooplankletthroat trout
prefer cold watein streams with more pool habitat and cover than uniform, simple habitat
(Shepard et al. 1984Juvenile cutthroat trout overwinter in spabeswea largestream
substrat€rocks and boulderspdult cutthroat trout need deep, slow moving pools that do not
fill with bottomfastice in order to survive the winter (Brown and Mackay 1995

Westslope cutthroat trout are native to the northwestern United Statesathwestern Canada.

Their historicrange was the largest of any interior cutthroat trout subspecies and included the
Missouri, Columbia, and Saskatchewan River basins (Behnke 1992). Poputatiedsclired

rangewide (Liknes and Graham 19&8iepard eal. 1997, 2005) and we estimated to inhabit

only 59% of their historical randgy 2009(May 2009).0f their current distribution,dy 43% of

the total stream length occupied is believed to be inhabytegknetically pure populationd

Westslope cukttroat troutora bout 25% of t he speci busridtahdf st or i «
these have been testédiditional ecological information can be found in the Montana Field
Guide:http://fieldguide.mt.gov/speciesDetail.aspx?elcode=AFCHA02088
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Yellowstone cutthroat trout occurrédstoricallyin the Yellowstone River drainage in Montana

and Wyoming and in the Snake River drainage in Wyoming, Idaho, Utah, Nevada, and probably
Wadhington (Gresswell 2009). About 99 pent of the historically occupied stream habitats

were in Wyoming, ldaho, and Montana (May et al. 208QT appear tofeed on fishes more so

than dathe Westslope cutthroat (Behnke 1992y ditional ecological informigon can be found

in the Montana Field Guidéittp://fieldguide.mt.gov/speciesDetail.aspx?elcode=AFCHA02087

Of those cutthroat trout populations that have actually been gdiydtissded, the proportion of
genetically pure populations is only about 10%\Westslope and about 17% for Yellowstone
cutthroats (ShepardPers. comm. 20)5Regardless of their genetic purity, eitspecies of
cutthroat trout are an important umbredfgecies. In the Madison Valley Wildlife Assessment
conducted by the Wildlife Conservation Society, protection of WCT habitat also protected 288
other species (Brock et al. 200BYotection of these high elevation headwaters will be
increasingly importanas refugia for native trout and other species as the climate warms.
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Figurel2. Cutthroat Trout Streams in the HPBH WSA. Data from FWP.
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Pink colored streamm Figure 2 have Yellowstone Cutthroat Trout aBtle colored streams

have Westslope Cutthroat TroMany streams in the HPBH WShave hybridized trout

crossesilt is difficult to ascertain exactly which streams may still have genetically pure strains of
either species, but accor di slielytthatRexkiQreeke y s don e
Tom Miner Creek (and tributaries), and Fridley Creek had pure strains of YCT at that time. Big

Creek historically had pure strains but was not tested (MCTSC 2007). No pure strains of WCT

were identified and tested in the HPBH W&#that time.

As a recreational resourdde value of the cutthroat trout fishery in the Gallatin and

Yellowstone Rivers is significant to the economies of Gallatin and Park counties. A study by
Gresswell and Liss found that the value of the Yellowstuighroat Trout fishery in

Yellowstone Park ranked above that of all other species of fish (Gresswell and Liss 1995). This
fishery in Gallatin and Park counties, as in Yellowstone Park, depends upon management that
reduces resource extraction and protaatsiral systems (Gresswell and Liss 1998pughout

the HPBH WSA.

Vulnerability

In 1997 the U.S. Fish and Wildlife Service (FWS) received a formal petition to list WCT as

0660t hreatened throughout its rangeibté&r1998.der t he
After conducting a status review the FWS conc
warrantedé6é for WCT because of the currently
conservation measures (U.S. Fish and Wildliggvice 1999U.S. Office of the Federal Register

2000).

Shepard et al (2005) assessed the status of Westslope Cutthroat Trout within the Western United
States. Of the nearly 54,600 km of stream length currently occupied by WCT, 2% was in

national parks, 19% was iresignated Forest Service wilderness areas, 21% was in Forest

Service designated roadless areas (excluding wilderness areas), and 30% was in other federally
managed lands. They found that wilderness and roadless areas provide important strongholds for
WCT. This was similar to findings from other assessments (Liknes and Graham 1988; Marnell
1988; Rieman and Apperson 1989; Thurow et al. 1997).

The US Forest Service Rocky Mountain Research Station has developed an interactive web site
with stream temperatureath and predicted stream temperature scenarios (NorwWeST) to improve
management and conservation of aquatic resources
(http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.hunlhe irteractive map has

predictions for all the streams in the HPBH WSA with historic mean August temperatures from
19932011 and predicted temperatures under two global climate model ensemble scenarios.
Additional modeled scenarios and years are availablesionkbad as GIS shapefiles.

WCT are thermally adapted to their source streams which provide cold water with low mean
summer temperatures; streams studied ranged from 6.7 to 11.2 degrees C (Drinan et al. 2012).
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Data from the NorWeST models show that histérugust means in the HPBH WSA have been
about 57 degrees Celsius at upper elevations in the HPBH WSA warmin§ te§rees at mid
elevations and reaching 10 degrees and higher as streams leave the WSA. At lower elevations the
Yellowstone River near Bi§reek averages about-16 degrees while the Gallatin River near
Storm Castle Creek is about-13 degrees. Under the A1B future scenario for example, the
streams in the HPBH WSA will warm only slightly while the Yellowstone River is predicted to
increasel-2 degrees near Big Creek and rise above 18 degrees below Emigrant. The Gallatin
River will rise about 1 degree in 40 years. By 2080, stream headwaters on the west side of the
Gallatin Crest may have risen teB&legrees Celsius but headwaters on thesadestvill still be

in the 57 degree range. By 2080 the Yellowstone River near Big Creek may be over 18 degrees
while the Gallatin River near Storm Castle should still be arount4il®egrees. When viewed in

the context of the entire Missouri Headwaterst|.the HPBH WSA contains the largest extent

of cold water streams in the unit (APPENDIX Figure 16) and will serve as an important area for
aqguatic refugia in the future. Currently these strearaghe hatching and rearing areas for the
cutthroat trouthat live as adults in the larger rivers.

Important Habitat Areas

All streams in the HPBH WSéurrentlyinhabited byeither species dfutthroat Trout are

important habitat area$hey will become even more important in the future for refugia as the
climate changes and downstream waters become increasingly wBuaetif the trout are
currentlyonly found in lower stream reaches outsidetti®BH WSAboundary, the headwaters

of those streams are critical to maintaining conditions suitable for trout deamstVestslope
Cutthroatcurrentlyinhabitreaches of Swan Creek, Moose Creek, Portal Creek, Porcupine Creek,
Elkhorn Creek, the West Fork of Wilson Creek, Lick Créaepee CreeklVildhorse Creek

Big Bear Creeland the Gallatin Rivegccording to FWRSIS dataFigure ).

Yellowstone Cutthroat currently inhabit reacloég om Miner Creek, Sunlight Creek, Soldier
Creek, Trail Creek (off Tom Miner Creek), Dry Creek (off Tom Miner Creek), Sheep Creek,
Skully Creek, Rock Creek, Donahue Creek, Big Creekldyr Creek, Pine Creek, North Fork
Pine Creek, Trail Creek, Big Bear Creek, Hyalite Creek, East Fork Hyalite Creek, and the
Yellowstone Rivelccording to FWP Gl8ata (Figure 2).

Cutthroat Trout and Connectivity

Connectivityfor aquatic species such fash occurs in waterbodies; for trout in the HPBH WSA
all connectivity is downstream through the Yellowstone and Gallatin Rivers. Therefore it is not
meaningful to think of connectivity within the HPBH WSA except in the few places where
tributary streamsnight join. There is connectivity, for example, between Porcupine Creek and
Elkhorn Creek but it occurs outside the WSA. However, for trout to be able to travel between
streams in the HPBH WSA they require suitable stream conditions within the rivers,igvhic
dependent upon cold, clear waters from the headwater streams. Therefore, although there is
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negligible connectivity within the HPBH WSA for trout, connectivity for all trout streams
depends upon maintaining pristine conditions in the headwaters.
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Elk

Elk are highly migratory with distinct summend winter ranges. They spend the summer at
higher elevations where growing plants have higher nutritional content (Constari 2987
Chapman and Feldhammer 198l 1981,Foresman 2001fElk forage selectively for grasses
(Houston1982, Irwin and Peek983, McCorquodale 1998 nsworth et al. 1998\Very few if

any elk remain in the higher elevations during winter. Movements in the Gallatin Range are
primarily eastwest. As winter snow accumulates, elk are forced to move to lower elevations
such as th&allatin and Paradise Valleys where they forage on mostly dead plant material in
areas of light snow cover. These movements are altered by disturbance, particularly by humans
in fall during hunting season, and by predators such as wolves. Many elk géaeha

Yellowstone Park to reach summer range.

In the Madison Valley Wildlife Assessment conducted by the Wildlife Conservation Society,
protection of elk habitat also protected 322 other species (Brock et al. 2dd@)onal
information on elk ecolgy is available on line with the Montana Field Guides
http://fieldguide.mt.gov/speciesDetail.aspx?elcode=AMALC01010
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GYE Elk
Photo Credit: Lance Craighead

Elk have historicallyused the Gallatin Range as far back as there are retodfsl0 the

Gallatin herd was one of the last elk herds in Montana; only about-6,000 elk remained in

two areas at that time, Yellowstone Park and whatusthe Bob Marshall Wilderness. Tl

from Yellowstone Parikn 1910wintered in the West Gallatin and Yellowstone River drainages
(Picton and Lonner 200&ehman 201)0s0 the elk using the HPBH WSA are among the oldest
lineages in Montanallan Lovaas {9631970) studied th&allatinelk herd for the Montana

Fish and Game Department (now Fish, Wildlife, and Parks) and concluded that the main Gallatin
elk herd has probably always dwelled y&arg within the mountains. Areas like the Porcupine
Creek drainage generally had less snow andenddnditions than other areas. Elk from
Yellowstone Park would move to lower elevations in the Gallatin Range during winter,
especially in years of heavy sndlaovaas 1970)A study of migration routes completed by

Regan Lyons in 2006 documented that@adlatin Crest is a dividing line for most elk herds

using the HPBHWSAFigure B): elk that summer east of the Crest migrate down to wintering
areas on the east side along the Paradise Valley, while elk that summer west of the Crest move
westward in wintealthough some often remain within the W8#&he Porcupine and Swan

Creek drainages

There are many more elk utilizing the east side of the Gallatins because there is more open
grassland habitat there (Gehman 20H}.summering at the north end geslgr migrated

northward from the Gallatin Face into the Gallatin Valley south of Bozeman. Some elk from
Yellowstone National Park migrate into the Buffalo Horn drainage in winter and sometimes pass
through into the Taylors Foiftyons 2006). Steven Gehm&2010) summarized elk distribution

data for the Gallatin Mountains; FWP recognizes nine elk herd units that utilize the HPBH WSA
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based upon their wintering areas. About 5;60800 elk were in those wintering areas in early
2010.Some vinter ranges have ba steadily decreasing in size, particularly near Bozeman, as
more and more development removes habitat. Howewene has been a recent trend of
increasing numbers of elk north of Big Creek up to 2&id on to 2014Gehman 2010

Loveless 2014

The Gdlatin elk herd is distributed through several Hunting Districts (HD): primarily HD 301,
HD 309, HD 310, HD 312, and HD 314. Some elk at the southern tip of HD 393 use the Gallatin
range, but that district is centered around the Bridger MounfHEeselkmanagement plan
objective range for HD 314 on the east side of the Gallatin Range is3B800elk:3,908 were
estimated in 2013,654 in 2014nd4,226in 2015. Elk have been increasing in the north end

of the district but decreasing in the south. Tdrgést group observed in aerial surveys (754) in
March 2014 were just north of Big Creek (Loveless 20&E) in the northern portion of HD 314
(north of Big Creekjend to remain there yeaound primarily on private lands and high quality
public lands inthe HPBH WSA. Elk in the southern portion of HD 314 may migrate south to
Yellowstone Park into the Upper Gallatin and Upper Gardiner River drainages during summer
and mix with elk from the Yellowstone northern range (FWP 2011).

Overall, elk numbers hawvemained fairly constant since at least 2010 in all HDs comprising the
Gallatin elk herd. Elk harvest has remained fairly constant in all HDs except HD 314 which
reported lower numbers in 2011 (344), 2012 (282), and 2013 (269) from a high in 2010 (728).
Harvest is managed by FWP to reach population objectives for each dd&kistatus and
distribution information can be downloaded at
http://fwp.mt.gov/fishAndWildlife/management/elkElk harvest information can be

downloaded altttp://fwp.mt.gov/hunting/planahunt/harvestReports.html
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Vulnerability

Historically elk were probably the most widespread member of the deer family in North
America. They werextirpated from most of their range by 1900 (Boyd and Cooperrider 1986).
In Montana they survived in remote, isolated refugia until protection and reintroductions early in
this century allowed recovery through much of their former range (Mussehl andIHOW&E).

Declines in elk use of habitat adjacent to forest roads have been documented in most of the North
American range (Hershey and Leege 1976, Lyon 1979, Marcum 1976, Perry and Overly 1976,
1977,Rost and Bailey 1974R0st1979, Thomas et al. 197@/ard 1976). Lyon (1983) found

that: "evidence was consistent and overwhelming that vehicular traffic on forest roads evokes an
avoidance response by elk. Even though habitat near roads is not denied to elk, it is not fully
used". As a result of Lyon'sialyses U.S. Forest Service guidelines were developed which
restricted activities on big game winter range from December 1 through May 15 and elk habitat
effectivenessgecurity areas for elk) requir@sh open road density standard of 0.75 miles/sq.

mile ar less. Components of elk security include vegetation denség density, distance from
roads, extent of area and size of vegetation blocks, hunter density, timing and length of hunting
season and land ownership (MDFWP 1992).

A critical component of &bitat, particularly during hunting seasons and winter, is adequate
security. EIk habitat has been managed generally to provide security from predators and humans
so that they can survive and reproduce under conditions that are natural and are freteassthe
provided by human disturban@®owland et al. 20Q5Thomas 199\ Secure habitat for

reproduction is essential for ensuring population growth, while secure habitat at other times of
the year is important for ensuring survival and he&tk securiy has been defined by Lyon and
Christiansen (1990) and others. Further definition and guidelines for retaining elk security west
of the Continental Divide in Montana were developed by Hillis et al. (1991). These guidelines
were based upon the facts thaelk behavior changes in response to the hunting season, 2) elk
avoid areas adjacent to roads with vehicular traffic, especially during the hunting season, 3) elk
spend more time in dense cover during hunting season than they do before the huntmgseaso
elk movements generally are confined to habitats within a traditionally used home range, and 5)
road closures may either increase or decrease elk vulnerability depending upon the influences of
cover, topography and hunting pressure, both within djatant to a security area (see Hillis et

al. 1991 for citations).These guidelines are considered outdated and recommendeettiritys

area minimums should be equal to or greater than 250 acres in size, equal to or greater than one
half mile (0.8 km)from an open road, and should comprise at least 30% of a valid analysis unit
(Hillis et al. 1991).

These guidelines have been used by the Forest Service across all western forests even though
habitat components in many forests are different from the ate@® the data were collected to
develop the guidelines (Lolo NF): those have been the best data available. Currently however
there is a project underway in the Gallatin NF to develop new guidelines based upon data from
GPS collars on elk that promisespimvide a more accurate and refined picture of elk security
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requirementgGarrott, pers.@amm.2015. The collars were placed on elk in the Gallatin NF as

part of a study of brucellosis and the detailed location data that they reveal is being analyzed in
the context of roads, trails, and habitat in a joint project with the US Forest S€ugter

Gallatin NF)and theMontana Department of Fish, Wildlife, and Pa(k8/P). The results

should add greatly to our understanding of the effects of recreatiba HRBH WSA, as well as

in similar forestsRecent amendments to the Helena NF Forest Plan use 1,000 roadless acres as
the size for elk security (Canfield, pers comm. 2015).

Elk, roads, and trails.

There have been a number of studies on the effecexi@ation activities on elld recent
literature review by McCorquodale (2013) with the Washington Department of Fish and Wildlife
summarizes research aays roadgand motorized trailsnay potentially affect elk: 1)
physiologic and energetic effects,efjects on distribution and habitat use, and 3) effects on
vulnerability to mortality and, potentially, population dynamidaylor (2006 Naylor et al.

2009) found thabff-road recreation produces a change in elk behaREsultsof studies in a
3,590acre section of the study ar@@monstrated that activity budgets of eire altered during
exposure to offoad recreation disturbangea 25,000 acre elk summer range in Oregioiine
Starkey Experimental Forest and Rangkk increased their travelnhe during mostlisturbance
whichreduced time spent feeding or restiktk travel time was highest during ATV exposure,
followed by exposure to mountain biking, hiking, and horseback ridlitkgreacted negatively to
ATV traffic at distances up to 1,000eters and had a high probabilif/fleeing if they were

near arATV trail when ATVs were detectedt appeared that elk would habituate to horseback
riding, but not to mountain biking.

In onewell-designed stug Wisdom et al. (2004) observed increaseslk flight response and
movement rates related to human recreationairudes same 3,590 acre section of 8tarkey
Experimental Forest and RanigeOregon Elk flight response was greatest for ORV use,

followed by mountain biking, and finally huméikers and horseback riders. "Higher

probabilities of flight response occurred during ATV and mountain bike activity, in contrast to
lower probabilities observed during hiking and horseback riding. Probability of a flight response
declined most rapidly ding hiking, with little efect when hikers were beyond 50&tersfrom

an elk.é Higher probabilities of elk flight continued beyoR80 meterdrom horseback riders,

and 1500metes f r om mountain bike and ATV riders. o S
rates at sunrise and sunset following daytime ORV and motinitairg use was observed,
suggesting the elk are displaced from preferred security and foraging activities following human
use. Only one pair of ATV users were needed to cover thmeil20study area, but two pairs of
mountain bikers and three pairs of hikers were needed to cover the distance in the time allotted,
underscoring the different relative distances that the tinegos are capable of covering.

75



Recreational opportunities associateih elk are economically important and can generate

revenues from hunters, wildlife watchers, and photograpbesirbance from these types of
recreation users can induce stress in elk particularly during hunting season, in winter when they
are restriatd to lower elevationsnd in spring when they seek forage in areas free of snow that

are also sought by recreationists (Canfield et al. 1#dRYesponse to humans can be similar to
predator avoidance behavior. When wolves were present, elk in pafitresHPBH WSA

stayed in areas that were closer to conifers, and used open grasslands more heavily when wolves
were absent (Creel et al. 2005).

Vieira (2000)studied the effects of both pedestrian and ATV (four wheeler) effects on
movemenpatterns of & in aWhite River, Coloradostudyarea. The mean distance moved by

the elk inresponse to the ATV was more than twice the pedestrian mean. Vieira was able to

measure the distance traveled by each elk in respiyngsng radio collared elitacked by

airplane.ATV use byhunterson public lands was considerezsponsible for greater flight

distances and greater chances ofegitering private landA study comparing responses of elk to
ATVO6s, mountain bi ki ng (Nayorekal2009)founathad elkisments e b a ¢ k
less time resting and more time travelling in response to the disturbance. ATV use caused the
greatest disturbance (increase in travel and reduced resting time) followed by mountain biking,
hiking, and horseback riding.

A study ofthe response of elk to ATV use along ak82(20 mi)trail demonstrated that elk
respond with flight or avoidance behavior up
avoidance of t he toraherluseserepesenttyisdom et al. Q4T VO s

2005. Snowmobiles have been shown to cause less disturbance then skiers or people on foot
(Parker et al. 1984). However, this may not be important in the HPBH WSA since elk winter

range is at lower elevations, often on private lands, which is riwaagly used by either skiers

or snowmobiles. Aune (1981) documented some displacement of wildlife by winter recreation in
Yellowstone Parlby inhibiting movement across roads to preferred foraging areas and

displacing them from areas adjacent to roads.

A literature review by Snetsinger and White (2009) found documentation of negative impacts on
elk from snowmobiles, skiing, hiking, biking, horseback riding, human presence, trails, and
developed recreation sites. Flight responses have been recordedufort@&50 m from skiers
(Cassirer et al. 1992); 500 m from hikers and horseback riders; and 1500 m from bikers (Wisdom
et al. 2004). Elk were observed fleeing further distances from bikers than from hikers or
horseback riders (Wisdom et al. 20@009. As any Montana elk hunter knows, elk can be
approached more closely on horseback than on foot even during hunting season; and either
method is much more effective than using a motorized vehicle except in unusual cases where elk
are habituated or cornered. $flom et al. (20040095 also found that elk were slightly less

sensitive to horseback riders than to hikers or bikers.

Rowland et al. (2005) summarized the benefits or road closures for elk:
A Decreased energy expen ditdisturbaace byynoterizeki, a r es ul
vehicles,with potential improvements in animal performance.
A Ilncreases in total amount of effective habit
A lncreased hunting opportuni tonpediclands adacebtl i ¢ | a
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to comparatively lesebaded private lands, thereby enticing elk to remain on public lands rather

than moving to private lands where hunting may not be allowed or is prohibitively expensive

(Wertz et al. 2004).

A Decr e a scecobpsaral imeysiaeks from elk on private lands, due to decreased

disturbancdrom traffic on public land, which in turn causes elk to remain on public land longer

during thefall and winter seasons.

A Il mprovements in di etraggundidturbedyn aredse@ravioesty k ar e ab
avoideddue to excessive motorized traffic; these changes may translate into improvements in
animalfitness and population performance.

A Increased hunter satisfaction theuwevofdlhe oppor
terrainve hi cl es on cl| odé d hnsies(@matsoo and Whitimag 200G o f f
A Decreased vulnerability of elk during huntin

without a vehicle or able to access the area.

Important Habitat Areas

Figure 13 demonstrates that most of the HPBH WSA is important spring and summer range for
elk. In fall elk generally stay at the higher elevations as long as possible until forced down by
deepening snow. Most elk also stay in the high tgurecause there is less pressure from elk
hunters. In other areas, where there is easier access to the high country by hunters, elk appear to
have learned to descend quickly through the-ehévations and stay on their winter ranges if

they are on privatlands where there is also less hunting pressure. At this time of year elk can
sometimes be observed bouncing back and forth from private lands to public lands as they are
displaced by hunters or occasionally wolw&lves prefer flatter terrain than niaf the HPBH

WSA and therefore impact elk primarily during late fall and winter.

Elk and Connectivity

Elk tend to use the HPBH WSA for spring and summer range and to move through other parts of
the Gallatin National Forest when migrating to and fromteri range. Therefore, most

connectivity habitat is located on the edges of the HPBH WSA and adjacent to it. One exception
to this pattern however is the importance of the southern end of the HPBH WSA as a migration
corridor for elk from Yellowstone Parkawming to and from the Madison Valley and areas in

Gallatin Canyon. The Buffalo Horn drainage in particular is very important for regional
connectivity for elk
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Grizzly Bear

Grizzly bears are one of the most well studied species in North America; they are also considered
one of the best examps$pecesfartonsermation (Merkiir ab1999a 6 or
Brock et al. 2006Brock and Atkinson 2013YWeaver (2014) used grizzly bears as a key focal
species for use in planning on the Flathead National Forest (Weaver PRdyare omnivorous
animals with low rempductive rates and prefer habitat that is remote from roads and other
disturbancelnformation on grizzly ecology can be found in the Montana Field Guide:
http://fieldguide.mt.gw/speciesDetail.aspx?elcode=AMAJB01020

Grizzlieshavere ol oni zed the HPBH WSA begnostyni ng i n th
extirpated from the argaee discussion below)hey were listed as threatened under the

Endangered Species Act in 1975. Theldebtone Populatiowas designated as a Distinct

Population Segment and was removed frdmeatened status 2007 (USFWS 2007put then

re-listed bycourt order in 2009. This 4iésting was upheld under appeal &@" Circuit Court

Order in2011 Their Threatened status is currently under review and the U.S. Fish and Wildlife
Service should make a decision sometime in 2015.

Femalegrizzly with cubs
Photo Credit: Lance Craighead

Grizzly bears in the Greater Yellowstone Ecosystem displayed stableeasimg populations

from 20022011 (IGBST2012)and continue to expand (IGB2D14). As the population grows
and expandgrimarily younger bears are dispersing out of the core protected areas into
additional areas of good habitathe Interagency GrizglBear Study Team (IGBST) has

mapped the distribution of the Yellowstone population over tirhese data, available at the

IBST website [(ttp://www.nrmsc.usgs.gov/research/ighsime.htm document a gradual
expansion of the population out from the Yellowstone Park core area. By 2014, all inventoried
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roadless areas south of Interstate 90 in the region were inhabited by grizzly beard4figure

These areas, including the HPBH WSA are critioahaintaining the Yellowstone population,
regardless of their status as threatened under the ESA diheddPBH WSA and other high

elevation areas will become even more important for grizzly bear population persistence as the
climate warms. Areas withttle human disturbance are critically important for living and

denning habitat, and will be even more so if grizzlies are delisted and a hunting season is opened.
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Figurel4. Regional Distribution of Grizzly Bears by DecadedrGreater Yellowstone Ecosystem.
Credit: Interagency Grizzly Bear Study Team.
https://www.sciencebase.gov/catalog/item/554ceb27e4b082ec54129da3
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From 19731979 grizzlies ol occupied the southern tip of the HPBH WSA. From 19889

the population expanded to include the Porcupine Creek and Rock Creek drainages and the
headwaters of Big Creek. From 192000 the populatioexpanded primarily on the eastern half
of the HPBH W\ to include the Big Creek, Dry Creek, and Fridley Creek draindye2014,
grizzly bears had been documented as using almost all of the HPBH WSA except for a small
block of land at the headwaters of Fox Creek (FidijeThe distribution of the grizzlpear
population has continued to expand sinc&40
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Figurel5. Grizzly Bear Population Expansion by Degatlee HPBH WSA
Credit: Interagency Grizzly Bear Study Team.
https://www.sciencebase.gov/catalog/item/554ceb27e4b082ec54129da3

The southern portion of the HPBH WSA, south of the headwaters of Big Creek and Portal Creek
is within the Gallatin ear management subyrand is within the Grzly Bear Recovery Zone

86


https://www.sciencebase.gov/catalog/item/554ceb27e4b082ec54129da3

The entire HPBH WSA, (except for a tiny corner where the HPBH WSA border crosses
Eightmile Creek), is considered suitable grizzly bear habitat by the USFWS. The entire HPBH
WSA is within the boundaries of the USFWS Distinct PopataBoundary, Demographic
Monitoring Area, and Conservation Strategy Management Area.

Gehman (2010) summarized information on grizzly bear distribution in the HPBH WSA and
updated his report in 2012. On the basis of observations, track counts, and DN#afrsnares

over 32 drainages in the Gallatins he documented 57 grizzly hair samples representing 10
different male grizzlies outside of Tom Miner basin. A total of 28 genetically identified grizzly
bears were sampled in the Gallatin Range outside ddwsione National Park. It is likely that

all of these bears utilized some portion of the HPBH WBA2011 Gehman had documented
grizzly bear tracks and/or DNA from hair samples as far north as Big Creek and the headwaters
of Trail Creek.

As the grizzlybear population hasontinued to expandhemanagement focusr the

Interagency Grizzly Bear Committee (which includes Montana FWP, the USFWS and the USFS)
hasshifted from reducing mortality of grizzlies within ti&rizzly Bear Primary Conservation
Area(PCA or Recovery Zondpwards providing security and protection for grizzlies in areas
outside the current Grizzly BeRCA wherever appropriateThe southern end of the HPBH

WSA (Buffalo Horn) is within the Primary Conservation Area. The rest of tHRHHW SA falls
within the Bozeman Bear Analysis Unit (BAU). BAUs are areas determined by the state to be
biologically suitable and socially acceptable for grizzlgiheccupancythey were established by
the 2006 Forest Plan Amendment to be comparableeértgiBear Management Unit (BMU)
subunits inside the PCA'he Montana Stat@rizzly Bear Management Plan recommends and
encourages federal land management agencies to maintain habitat in BAUs, 20@btarest

Plan Amendment requires the monitoring chiehes in percent secure habitat every 2 years in
National Foresttn the GYE These changes are measured against the 2008 transportation layer
developed by Gallatin National Forest.

Since many of the areas being colonized are not contiguous with praestsdand the

intervening landscape is often fragmented by roads, trails, and developments, it is increasingly
important to identify key linkage zones between the secure core areas, and protect habitat in
those zones, so that outlying areas can becofeetigk cores in the greater metapopulation of
grizzly bearsFor mammalsuch as the grizzly bear, habitat connectivity is important for
individual bears to meet their requirements for feeding, mating, denning and movement within
and between habitat are#d a metapopulation level, dispersal between population centers is
important for population persistence (Boyce et al. 2001, Levins 1970, Hanski and Gilpin 1997).
Maintaining a Discrete Population Segment (DPS) such as the Yellowstone population, or an
ecosystem with grizzly bears is thus an ecoregional conservation problem and in some cases may
involve multiple ecoregions (Craighead and Vyse 1996).

Grizzly bearsare an important umbrella species. In the Madison Valley Wildlife Assessment
conducted byhe Wildlife Conservation Society, protection of WCT habitat also protected 300
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other speciesut of 411(Brock et al. 2006)in the HPBH WSA they utilize all habitats, with the
exception of rock and the highest elevation alpine areas, at some time.of year

Vulnerability

Although grizzly bears have widely varied dietsthe GYEthey feed heavily on four key foods:
whitebark pine, Yellowstone cutthroat trout, Army cutworm moths, and ungulates. Whitebark
pine is declining in many portions of the Yelloasé area due to mountain pine beetles, white
pine blister rust, and global warming. Yellowstone cutthroat trout have been reduced due to the
introduction of lake trout in Yellowstone Lake. Army cutworm moths may suffer declines due to
climate change or ctmol of the larvae by pesticides in alfalfa and wheat fieMisstudies have

yet been done to determine what their main foods are in the HPBH WSA, but it is unlikely that
cutthroat trout are a significant food soustece there are no concentrated acddsout

spawning such as there are in Yellowstone Park

In 2015 the Wildlife Conservation Society completed a survey of a small group of experts to
examine their perspectives on the effects of climate change on grizzlyabhdazsnnectivity for
bears Cross2015 in preparation). Three aspects relating to grizzly bears were addressed:
climate change effects on security cover, climate change effects on grizzly food resources, and
climate change effects on human land use and other threats to grizzlyedesthe experts
indicated several ways in which changes in climate may influence the location and quality of
grizzly bear connectivity linkages, overall they felt the most important factors influencing grizzly
bear linkages in the foreseeable futurefactors related to human tolerance for bears, the risk of
mortality or conflict for bears, and increased development on private [Enelse findings were
similar to a similar workshop held in 2009 (Cross and Servheen 2@68)ased activity and/or
devdopment orpublic lands was not addressed in the survey but it will very likelyrbteaant

factor determining where grizzly bears can live and travel in the future; especially as human
populations increase. Indirect effeofsclimate change will inclueimigration of human

populations from unfavorable climates such as coastal anebdry areas to higher elevations

with better living conditions (Warner et al. 2009) where they will put increasing pressure on
natural resources including wildlife.

Grizzly bears roads, and trails

Effects of human activities on grizzly bears are complicated by the relationship between the
habitat type, the spatial distribution of habitat and disturbance, and the type of disturbance or
mortality. Despite the variation irabitat and disturbance factors, there are consistent effects of
human activities on bears at the local level. Althougird@ Yellowstone and Montana kge

fully protectedhuman caused mortality compris8891% of adult bear mortalitypto 1995
(Weave et al.1996). Female mortality is particularly critical to population viability so that even
smallincremental increases in mortality risk or disturbance are a threat withipieddabitat
(Mattson and Reid 1991, Mattson and CraighEae4).
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Roads hae been shown to be the most important variable correlating human influence on grizzly
habitat.Trails with motorized traffic have effects on wildlife that are similar to roAtisostall
studieshave shown negative impacts (Elgmork 1%&ger 1980Zage et al. 1983, Archibald et

al. 1987, Mattson et al. 1987, McLellan and Shackleton 1988, Kasworm and Manley 1990).
lllegal killing and management control (removal of habituated bears) are the two main sources of
adult bear mortality in the Greater Yellowse Ecosystem or GYE (Mattson et al. 1987, Weaver

et al. 1996), and both are associated with roads. Road use by humans may also disrupt bear
behavior and social structure, reduce the availability of adjacent foraging habitats, and create
barriers to movem# (Archibald et al. 1987, McLellan and Shackleton 1988, McLellan 1990).
These effects may extend up to three kilometers from primary roads and one to 1.5 km from
secondary roads (Kasworm and Manley, 1990; Mattson and Knight, 1991). In theo&d&E

with buffer areas represet32.9% ofthe areabut accourgdfor 70.3% of bear mortities

(Mattson and Knight 1991therefore the mortality risk is almost five times higher near roads
(Doak 1995). Craighead et al. (1995) concluded that road densities thighelkm/6.4 kn?t

(one third the threshold set by agenaethat tim¢ are suboptimal for bears.

Wallerand Servheen (2005bised GP®ollars to record grizzly movement data every hour in
Glacier Park for 4 years. They found that the barrier effeeligtiway 2, along the southern
boundary of Glacier National Parkepended upon traffic volume; particularly at night when

most bears tried to cross. Roads were complete barriers to grizzly movement when traffic
volume exceeded 100 vehicles per hour. Tloewmd that the only reason grizzlies could cross
highways at all was due to very low traffic volume during evening and night hours (Waller and
Servheen 2005). A followp study from 2012013 found that traffic volumes had increased to

the point where beamwere unable to cross at least 12 hours out of the day, but even lower traffic
volumes caused strong avoidance of the highway by bears (Waller and Miller 2015).

Recreational development increases bear mortality risk and alienates bears from preferred
habtats such as riparian areas. The effect of developments on mortality extends up to 6 km from
the recreationastite (Mattson and Knight 1991Even noamotorized trails may be avoided to a
distance of 300 m (Kasworm and Manley 1990, Mace et al. 1M8&)eand Waller (1998

foundthatin the Jewel Basin hiking areast of Kalispell, Montana, bear use increasithl
greaterdistance from trails anidkes with campsite&rizzlies and other animals can be

displaced from needed resourceshiynanactivities ontrails, often without the knowledge of

recreationists. Cole and Knight (1990) referr
and noted that Aentry into grizzly bear habit
humans, leadtoencourer s t hat eventually result in destr

living in habitat that is near the carrying capacity for the species, displacement generally means
death. If a bear is displaced from an area needed for its survival it is foncexe into other,

already occupied habitat. If it encounters a more dominant bear in the new place it may be killed
or displaced further into areas occupied by other bears. If the new bear kills or displaces the bear
that was occupying the habitat, tlesult is the same: one less bear in the population.

In areview of mountain biking impacts (Quinn and Chernoff 2010) noted that:
i 6The sudden encounter is the most common situ
inflicted injury®o ikelrsane at partioularlriSk®Nistypeb unt ai n b
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encounter because the potential speed and relative silence of a biker may facilitate
closer proximity to bears before being detected. Schmor (1999) interviewed 41 mountain
bikers in the Calgary region who cycled in the Rocky Mountains. The responses
indicated that 84% of survey participants had come within 50 m of a bear while mountain
biking and 66% of the encounters clearly startled the bear. Herrero & Herrero (2000)
studied incidence of conflict/interaction between humans and grizzly bears (Ursus arctos
horribilis) along the Moraine Lake Highline Trail in Banff National Park. They found that,
though intensity of use was much lower for mountain bikers than for hikers along this
trail, mountain bikers accounted for a disproportionately high incidence of conflict with
bears. Herrero and Herrero (2000) suggest that grizzly bears are more likely to attack if
a human is closer than 50 m before being detected. The speed and relative silence of
mountain bikes, especially when combined with environmental factors (e.g., dense
vegetation, hilly terrain, sound of running water), likely contributed to mountain bikers
approaching bears closer than 50m before being detected by the bear. Parks Canada
instituted a requirement to travel in tight groups of at least six, which has reduced
human-bearconfl i ct i n the area (Simic 2007) .20

Yellowstone National Park contains 867 km of roads and sees more than three million visitors a
year (Craighead et al. 1993t most of its 6000 grizzly bears are never seen near the mad

The impact of recreational development and associated roads reduces the ability of national
parks to function as cosecurityareador grizzly beargGibeau et al. 1996). Bears inhabiting
"multiple-use” lands wrrounding parks face additional threddsibitat outside the parks can be
managed by the use of road density standards to provide security for grizzly bears (Mattson
1993).The historical decline of the grizzly was associated with the expansion of tikesto

grazing, especially of sheep, and associated predator control (Peek et al. 1987, Mattson 1990).
Livestock depredaticassociated killing remains the second most important mortality source for
bears in Canada (McLellan 1990here grizzly bears and cattfanching overlapgMineral and

gas exploration forms another important disturbance source, primarily through associated road
development (McLellan andh&ckleton 198, McLellan 1990). One exception to the rule that
motorized use is more disruptive thawotftraffic appears to be when the motorized use is
predictable and routine and traffic does not stafcbntinues movingMcLellan and Shackleton
(1983), indicated that grizzly bears reacted more strongpetuple on foot in remote areas than

to motorizel equipment in more developed areas. Grizzly bears that encoumemd on foot

in remote areas left the creek drainage, while those grizzly bears that encountered logging
equipmentand motor vehicles in roaded areas moved to cover but remained medh&eilgus

et al. 002) found that grizzly bears did not select against (avoid) restricted roads with only
logging traffic.

Extensive road networks can act as population sinks with high rates of jvaosed bear

mortality due to legal and illegal hung and defencef-life shooting (Ciarniello et ak007).
Ciarniello et al. (200compared two study areas (SA) in centratigh Columbia The plateau

study area (Parsnip) had resource development (12% logged) with an extensive road network,
while the nountain study area (Hart Mountains) was relatively pristine (2% logged). Six of nine
bears shot by hunters were within 100 m of a secondary or decommissioned logging road. Five
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grizzly bears were killed illegally in the more roaded plateau area (fouepatted to
authorities), while there were no illegal kills detected in the less developed mountain study area.

Grizzly bears have been extirpated from the lowlahdsughout Montanghat once supported
much of their population and they are now gener@lyfined to higheelevation regions in the
Rocky Mountains. Within these regions, human development often converges with the critical
lower elevations in spring habitat (Mattson et al. 1987, Mace et al. 1996, Gibeau et al. 1996).
Grizzly bear dispersakaoss human dominated landscapes is often associated with an elevated
mortality risk because thesan be vulnerable to beimgtracted to human associatedd@murces
(Mace and Waller 1998Subadult females establish home ranges near their natal hages;ran
either overl apping wit hmerange (CGaaijheadcee a. 1999 o, t heii
Thus, range expansion oreelonization of empty habitat requires contiguous habitat within
which females can establish home ranges, breed, and their f#ifispléng can do likewise.
Population expansion occurs incrementally; one female home range at a time.

The only effective barriers to grizzly dispersal (other than very large bodies of water) are caused
by human activities (Craighead and Vyse 1996). @t grizzlies are capable of long distance
dispersal, none of 460 radiagged grizzlies have traveled between the large core reserves in the
Northern Rockiesip through 199¢Servheen, personal communication reported in Weaver et al.
1996)and none havbkeen tracked there sindeis likely that barriers caused by human activities
have impeded these longer movements since grizzlies in contiguous habitat unaltered by humans
often travel this far.

In 1996 The Gallatin NF plan adde&mendment #1%he Grizzly Bear Recovery Amendment

This wasin response to a 1995 amended biological opinion provided by the US Fish and

Wildlife Service for national forests in the Greater Yellowstone Afbéé amendment modified

previous Forest Plan management directiondocrover y of the @At hreatened
relates to open motorized route density, with the follovgaglelinesfor the grizzly bear

recovery zone:

1. Allow no increase open motorized access route density.
2. Allow no increase in total motorizedcess route density.
3. Allow no decrease in the amount of core area from the current levels.

Thisamendmentvas nullifieddue to the delisting of the grizzly bear in April 2007 and the

amendment of Forest Plans to adopt the Grizzly Bear Conservatadedy. See Amendment
#27.However, it has been reinstated followingligting of the grizzly.

Important Habitat Areas

All of the HPBH WSA is important habitat for the grizzly begars within the state conservation
strategy management area andugable habitat according to the FWS; it is also occupied
habitat according to the IGBSGrizzlies primarily use miglope and subalpine habitats, but
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also make use of lower elevations and alpine afideey also travel across alpine areas to get
from one drainage to another.

Grizzly Bears and Connectivity

Grizzly bears, like wolverines, require large areas of habitat to persist. Male grizzlies also
disperse long distances and cgmeticallymaintain a metapopulation structure if there is

sufficient rabitat for connectivity between core populatidismale grizzlies, unlike wolverines,

do not disperse long distances; female offspring invariably establish home ranges adjacent to, or
overl apping with, their motherés home range.

In general, a metapopuiah can have a greater probability of persistence than isolated single
populationsAt a metapopulation level, dispersal between population centers is important for
population persistence (Levins 1970, Hanski and Gilpin 1997). Providing for disperse¢betw
local populations helps ensure genetic exchange, as well as allowing for immigration and
emigration in response to epidemic disease, insect outbreaks, climate change or large scale fire
that might extirpate one or several local populations (Breitenmedse. 2001Hedrick 1996,

Hedrick and Gilpin 1996). Historic evidence supports the existence of a true metapopulation
structure for grizzly bears in the contiguous United Staelshabitat modeling indicates that the
potential remains for a metapogiihn structure to be restabished(Craighead and Vyse 1996)

The first connectivity model for grizzly bears was published by Walker and Craighead in the
Proceedings of the ESRI Users Conference (Walker and Crai$883d The primary

movement routeysing a leastostpath, between the GYE and the NCDE includes the HPBH
WSA (Figure 16). Red denotes the highest value corridor habitat followed by green and then

92



blue. This model has been refined, and other modeling approaches have been developed since
1997, but all of them include this corridor.

y .. i

Figurel6. Least Cost Path Corridors for Grizzlies Between GYE and NCDE.
Credit:American Wildlands, Richard Walker and Lance Craighead

Connectivity for grizzly bar metapopulations can occur at two levels; 1) Genetic connectivity

can be established over fairly long distances (average dispersal distance 200 km) by male bears
moving between population centers. Habitat between populations needs only to be adequate for
travel and survival of a male bear over a period of weeks. 2) Demographic connectivity can be
established in nature only by female bears gradually occupying habitat between larger, more
secure, habitat blocks. For female movement to colonize uninhabetesl such as the central

Idaho wilderness from the GYE, this could take decades or centuries but will only happen if
there is sufficient habitat in between for females with families to live and persist. However,
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besides natural dispersé@male and maledars can be transplanted by wildlife management
agencies into empty habitat.

Evidence for historic grizzly bear npectivity suggests that the GYipulation was connected

to the west and north through the @amial Mountains to the Selwditterroot ecaystem to

the Cabinetraakecosystemand ultimately to Canadian populations (Mattson and Merrill 2002,
Merrill et al.2005). Other evidence indicates historic connectivity td\bthern Continental
Divide EcosystemNCDE) through the Tobacco Root, Higimd, ChampiofThunderbolt and/or
Elkhorn mountains (Picton 1986, Merriam 192P)s also likely that grizzlies had connectivity

to the NCDEhrough theHPBH WSA area, the Bridger and Little Belt MountaiGsizzlies
inhabited the Little Beltsasrecentl as t he 196006 s1996Aun e, Per s.

Maintaining all options for grizzly bear connectivity to other population centers such as the
NCDE is critical for the longerm persistence of the GYE grizzly bear population. Even large
and protected reserves buas the GYE are too small to maintain viable populations of large
mammals if they are isolated (Soule @9Belowsky, 1987; Allendorf et al. 1990An isolated
population of 608B00bears requires gene flow from other populations to maintain and increase
genetic variability. Crrent estimates of the genetic Effective Populatiae §Ne) of the
Yellowstone population range froamly 1365 (Paetkau et al. 199 slightly over 100 (Miller
and Waits 2003), well below the level of 56000 recommended forgrenting genetic
impoverishment. Theetained genetic heterozygosity has bestimated atrom 55% (Paetkau

et al. 1997, Craighead et al. 1999) &9 which is less than zoos manage &md the inbreeding
coefficient of grizzly bears in the Yellowstonepulation is estimateat 0.125this is what one
would get from a marriage of first cousif@ilpin, pers. comm2006) The main factor affecting
levels of genetic diversity appears to be connectedness to larger popyRéietiau et al. 1997

From a @netic standpoint, maintaining a corridor for connectivity through the HPBH WSA to
the NCDE, will be very important for the persistence of grizzly bears in the GYE, particularly as
climate change and land use change alter current grizzly bear htb2807 gizzly bear

habitat and connectivity was modeled by the Craighead Institute for the entire northern Rockies
region of the U.S. (Figures 17 and 18). Bhedy found that thelPBH WSA is important living
habitat as well as part of a key movement corridr grizzlies.
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Regional Scale Grizzly Bear
Combined Analysis for the Central Rockies
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Figurel7. Combined grizzly living and connectivity habitat.
Credit: Craighead Institute, Thomas Olenicki
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Figurel8. Regional Connectivity for Grizzly Bears.
Credit: Craighead Instite, Thomas Olenicki

Weaver (2014used a quantitative approach to assign conservation values to lands in the

FIl at head Nati onal Forest. He assigned a OVery
lands that contained primary habitat componentssecare setting (more than 500 m from an

open road. These same criteria t& found in about 98 of the HPBH WSAthe sole exception

being in the SW end of the WSA along Highway 89 near Teepee Creek where the WSA

boundary is about 300m from the highway &adistance of about 3 km).
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