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PREFACE

This publication is a cooperative project of in the snowpack. This new information is not
the Greater Yellowstone Coordinating Commitincluded in this document. Additionally, there is
tee (GYCC) and was undertaken at the requesib cumulative impacts analysis in this docu-
of the Greater Yellowstone Winter Visitor Use ment, as that was beyond the scope of this
Management Working Group (Working Group)effort.

Because the Working Group felt that the effects We hope that this document will be useful to
of winter recreation on wildlife had not been managers, biologists, and scientists as they
adequately addressed, the Winter Wildlife manage and further explore the effects of winter
Working Group (Wildlife Group) was formed inrecreation on the environment.

December 1996. Twenty-six biologists and

resource managers from the Forest Service, L |TERATURE CITED

National Park Service, the states of Montana,
Idaho, and Wyoming, and private organization
were invited to participate; 18 submitted papers.

The Wildlife Group first met in December
1996. We commissioned Jim Caslick, Ph.D.
(Caslick 1997), retired wildlife biology faculty
of Cornell University, to update an annotated
bibliography on the effects of winter recreation
on wildlife commissioned by Grand Teton
National Park in 1995 (Bennett 1995). We
examined these bibliographies, an additional
bibliography supplied by the Biodiversity Legal
Foundation (1996), and independent sources to
address impacts to wildlife species and issues of
concern.

This document is only the first step in
addressing the effects of winter recreation on
wildlife. The short time frame allotted for
developing the issue statements did not allow
for original research, though clearly more
research is needed on this important topic. New
information is also coming to light concerning
the effects of two-cycle engines on air and
water quality and the deposition of heavy metals

gennett, L. E. 1995. A review of potential
effects of winter recreation on wildlife in
Grand Teton and Yellowstone National
Parks: a bibliographic database. Report to
the National Park Service in cooperation
with the University of Wyoming Coopera-
tive Fish and Wildlife Research Unit,
Laramie, Wyoming, USA. Available from
Yellowstone National Park.

Biodiversity Legal Foundation. 1996. Report
and formal comments on the current and
potential adverse impacts of winter recre-
ational use in Yellowstone National Park
and the winter use management planning
process by the U.S. National Park Service.
Boulder, Colorado, USA.

Caslick, J. W. 1997. Impacts of winter recre-
ation on wildlife in Yellowstone National
Park: a literature review and recommenda-
tions. Report to the National Park Service,
Yellowstone National Park, Wyoming,
USA. Appendix I, this document.
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| NTRODUCTION

Yellowstone National Park in 1963, increasing, but it is also expanding into areas

he number and types of winter that received little or no use in the past.
recreationists have steadily increased. While Groomed snowmobile trails as well as some
media attention has focused on Yellowstone cross-country ski trails, particularly on national
National Park, winter recreation on public forest lands, are being expanded to accommo-
lands throughout the Greater Yellowstone Aredate this increase.

Snce the first snowmobiles entered ment showed that human use is not only

(GYA) has increased as well, for example In 1995 the national parks conducted a
snowmobilers in the Lionshead/Two-Top, scientifically based survey of its visitors.
Island Park, and Cooke City areas; skiers ~ While many activities were listed as important,
around Cooke City and Teton Pass; and 93 percent of visitors to Yellowstone and 89

snowshoers, dog sledders, and resort skiers percent of visitors to Grand Teton rated wild-
throughout the ecosystem. Many of these life as “very important” or “extremely impor-
activities have experienced explosive growth itant.”
the last decade. Land managers, area residents, and the

In 1990, Yellowstone and Grand Teton  visiting public are concerned about the effect
national parks issued tWginter Use Plarfor that the current levels of winter recreation may
the two parks following public involvement  be having on the natural environment and
and an environmental assessment. At the tim&jldlife. Human activities continue to expand
winter visitation in the parks was about into wildlife habitats. To minimize the impacts
123,000 visitors. The plan forecast that winteof these activities, wildlife managers need to
use of the parks would not increase quickly be aware of the effects of these activities and to
and would not reach 140,000 (the high projectinderstand how to mitigate for them.
tion) for 10 years. However, that use level was While much of the information in this
reached by the 1992-93 winter, and, as di- document will be useful in areas beyond the
rected by the plan, the parks began to addres&YA, the document does focus on many issues
use levels by developing a process to assessspecific to this area. For example, one task
visitor use. accomplished through the visitor use manage-

Because winter use of the parks is only a ment process was to describe the entire Greater
portion of the winter use that occurs in the  Yellowstone Area in terms of Potential Oppor-
GYA, the other members of the Greater Yel- tunity Areas (POAs). Potential Opportunity
lowstone Coordinating Committee (GYCC) Areas describe an area’s recreation potential,
shared many of the same concerns of park not necessarily its existing condition. The
managers. In April 1994, the GYCC chartere@xperiences range from those that are easily
a team made up of staff from Yellowstone andaccessible and highly developed to those that
Grand Teton national parks and Gallatin, are considered remote backcountry experi-
Targhee, Shoshone, Bridger—Teton, Custer, aadces. Complete descriptions of POAs can be
Beaverhead—Deerlodge national forests to  found in Appendix II. How wildlife could be
study winter visitor use issues and to developaffected in various POAs is described in this
an assessment of use. This assessment, titleview.
Winter Visitor Use: A Multi-Agency Assess-



2 INTRODUCTION

The purpose of this document is to providen individual species in the winter, and the
guidelines for managing winter recreational potential effects of specific winter recreational
use in the context of preserving wildlife popu-uses on those species. Papers that were peer-
lations. Several topics are discussed, includimgviewed prior to the compilation of these
the current population status and trend of the papers are noted as such. All papers were
individual species, relevant life history data, subject to a joint review process by biologists
information on winter habitat use, summaries and managers before being submitted to the
of studies on the influence of human activitiedinal editing process.
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EFFecTs oF WINTER RECREATION ON BIGHORN SHEEP

PopuLATION STATUS AND TREND Table 1. Estimated bighorn sheep population sizes
. ) in the Greater Yellowstone Area
ighorn sheep@vis canadens)s
were historically found throughout Location Estimated Number

A . Prior to th ival of E Gallatin Mountains 50-65

merica. Prior to the arrival of European man, e vellowstone River,

their population is estimated to have been North of Yellowstone 60-75

between 1.5 and 2 million. Bighorn sheep ﬁgsarota ’\’\20””?‘!“5’ {\A/'/;“ta_”a 1501—91075

. . Saroka iviountains, oming ,

numbered fewer than 42,000 in 1974 (Wisthart - Gang Teton Mountains 100-150

1978 in Reisenhoover et al. 1988). This Madison Range 40-50

decline was caused by competition with live- ~ Gros Ventre Range 550

tock. introducti £ di huntin nd Wind River Mountains 900

stock, introduction of diseases, hunting, a Wyoming Range 75-100

loss of habitat during European settlement of  gctimated Total 6.335-6,580

the West (Buechner 1960, Keating 1982). With
the establishment of management areas and
hunting regulations, bighorn sheep have reochas increased only slightly, and in 1996, 167
cupied some of their historic ranges, althoughbighorns were observed on the same winter
populations have not reached pre-settlement range surveyed before the outbreak (Lemke
sizes. 1996).

The creation of Yellowstone National Park  Other populations in the GYA have de-
in 1872 provided needed protection for the clined as well (Jones 1994; Legg 1996; L. Irby,
Rocky Mountain bighorn. In the early 1900s, Montana State University, personal communi-
fewer than 150 bighorn sheep were thought tgation; S. Stewart, Montana Fish, Wildlife and
exist in Yellowstone, and by 1912 managers Parks, personal communication; L. Roop,
estimated that 200 bighorns were in the park Wyoming Game and Fish Department, per-
(Seton 1913, Mills 1937). Presently, bighorn sonal communication). The most recent
sheep are found in limited areas of suitable decline was noted in the Madison Range
habitat throughout the Greater Yellowstone population near Quake Lake, Montana, during
Area (GYA); estimates of their numbers are the winter of 1996-97. It is believed that
included in Table 1. Larger populations are disease, predation, and human impacts such as
found along the eastern boundary of Yellow- illegal hunting, loss of habitat, and winter
stone, with some populations having more thascreational use of winter ranges have contrib-
1,000 animals. uted to these declines.

Today, bighorn populations continue to The loss of habitat and the fact that big-
have some of the same problems that bighorrsorns use traditional migration routes are the
had when European settlers first arrived. In thgimary problems facing bighorn sheep today
winter of 1981-82, a chlamydia (a contagiousand are often mentioned as concerns for big-
infection of the eye) outbreak on the Mt. Evertsorn sheep management (Constan 1975;
winter range in Yellowstone reduced the Horejsi 1976; Martin 1985; Reisenhoover et al.
bighorn population by more than 50 percent, 1988; Environmental Protection, Fish and
from 487 to 159 (Meagher et al. 1992, Caslickyildlife Service 1993).

1993). Since that time the bighorn population
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LiFe HisTORY greater snow depths surrounding the small,
available areas of forage habitat make move-
ment from patch to patch difficult.

Habitat features that are important for
ighorn sheep survival include the distance to
scape terrain, slope, salt availability, eleva-
on, aspect, forest cover, shrub availability,
iomass and nitrogen content of palatable
grasses, and snow depth/snow pack.

Adult ewes become mature at 2% years.
The breeding season occurs from November
through late December, typically on winter
range. Lambing occurs from mid-May throug
June, either near the winter range or during i
spring migration (May through July), and ofterE)
along steep, precipitous cliffs. Fall migration
is from October through December. The
timing of both migrations depends upon
weather and snow levels. Bighorn sheep
typically remain in separate ewe/lamb and ram Protecting critical winter range by limiting
groups except during the rut. Males leave ewlsiman impacts is important for maintaining

HumaN ACTIVITIES

lamb groups between age 2-3. bighorn sheep in the GYA. Winter recreational
use near or on bighorn sheep winter ranges
HABITAT may affect bighorns during the rut, during

winter on the winter ranges that have limited
amounts of available habitat, or in the spring
during the lambing season.

The following types of recreational use
could potentially affect bighorn sheep: hikers,
wildlife photographers/observers, ice climbers,
hunters, snowshoers, skiers, snowmobilers,
sled dogs, and dogs on or off leashes. On
ranges where bighorns are hunted, they are

ore sensitive to the presence of humans
(Horejsi 1976). Any human activity on big-

Bighorn sheep utilize different ranges in
the winter and summer, and they have an
established migration route between these
areas. The knowledge of these traditional
ranges and migration routes is passed down
from one generation to the next. By a
bighorn’s fourth year, it has learned its band’s
traditional home ranges and migration patter
(Geist 1971, Reisenhoover et al. 1988) and w
use them the rest of its life. Any alteration of

;hese hablltatt_s or ]Eobqtehs COUL? be detrimental horn sheep winter range, especially within 100
ora popuiation ot bighorn SnEep. yards of escape terrain, could affect bighorn
The amount of available winter range for e
Rocky Mountain bigh h ) I sheep survivability.
ocky Vountain bighorn ShEep IS Usually more - pe - raational activities may cause stress in

limited than the amount of summerrange ;on6 sheep leading to increased heart rate

because of snow depth and spatial distributior&nd energy expenditures (MacArthur et al

Because of this, winter range can be the criti%SZ) and/or cause displacement from pre-
h‘f"b“at factor_ in the survival of bigh_orn Sheepi‘erred foraging areas to less optimal habitat
Bighorns typically use lower elevation ranges Horejsi 1976, Hicks and Elder 1979). Big-

in the winter because of low snow coverage i

. . orns typically forage during the warmest part
these areas, although some winter at higher ypically forag g D

levati ind ¢ th thwest of the day to minimize energy loss. If bighorns
]? cva |o|ns on win Sl\lNepb sou th-S?hu wesl_ alter their foraging activities either spatially or
acing siopes, usuaily above the tnermocline temporally, they increase their exposure to

(Qldemeyer etal. 1971). These hlgher eleVa’predators, decrease the quality and quantity of
tion winter ranges can be problematic becaus%od available to them. and increase their

bighorns have limited access to forage. The
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energy loss. Any decrease in energy intake ocause humans behave differently than natural
increase in energy expenditure as a result of predators (they often persist in following the
human recreational activity may lead to the bighorns to their escape terrain), they can
death of an already winter-stressed animal displace bighorns from traditional areas.
either directly by starvation or indirectly by There is the possibility that bighorn sheep
lowering resistance to diseases or predation. may sometimes congregate near humans as a
The effects of human recreation can be consigrotection from predators, although the harass-
ered an additive factor in lowering survivabilityment by humans has to be less than the chance
in bighorns (Horejsi 1976). of predation. Along the Gallatin Ridge tralil,
MacArthur et al. (1982) showed elevated there are two bighorn sheep summer ranges in
heart rates and fleeing behavior in bighorn  the Hyalite and Tom Miner basins. There are
sheep when approached by humans. This many areas of bighorn habitat along the 30-
behavior was very apparent when humans mile-long ridge, but bighorn sheep were
surprised the bighorns or at any time dogs wesbserved at locations having high visitor use
present. The heart rate of the bighorns did notlative to the rest of the area (Legg 1996). In
decrease with successive approaches, althougimter, bighorns may not use the human/
if a predictable human behavior occurred.( predator relationship to select habitat, as winter
direction and timing of approach), the bighornsabitats are already limited to a few select
became habituated and little response would aeeas.
noticed except when a dog was present. If
bighorns had been harassed earlier by a pred@oTENTIAL EFFECTS
tor or human then the current harassment
caused a greater response than normal.

In Montana, snowmobiles may have con- for bighorn sheep during critical winter

tributed to a decline in a bighorn sheep populgtjonlflhs’ which maytlhnflugntce their sgrwyabl[lr-]
tion in the Rock Creek drainage. The stress Ity. Fiuman use on the Winter range during the

from the snowmobilers added to the natural breeding season could interfere with breeding

stresses incurred during the winter (Berwick by adding more stress to the rams and ewes.

1968). Human disturbance was also found toThls may decrease the overall productivity of

be a limiting factor for a population of big- the population and increase the probability of
horns in the Sierra Nevada Range. Herd sizel?redat'on and death. : . .
human distance to the bighorns, and the Blghorn_s may abanc_lon high quality winter
elevational relationship of humans to bighorngange. that |s_used heavily by humans, or they
may limit their use to a small area near escape

were Important factors in determining the Berrain These limitations will decrease the
i i h h - . )
reaction of bighorn sheep when approached aK/allabIe habitat used by bighorns or push

humans (Hicks and Elder 1979). them int h t tential f
Boyle and Samson (1985) noted that rock em Into areas with a greater potential for
predation. If bighorns are unable to forage

climbing on or near bighorn sheep escape ) -
terrain can affect bighorns. Horejsi (1976) dL_mng the day because of recreatlonl_st_s, they
éll use more energy to forage when it is

believes that improved access and more leisu €lder. Develobment on winter ranges or alon
time has increased recreational activities (frorﬁ : P 9 9

0 . : migration corridors will decrease the already
snowmobiling to walking the dog), which has .= . . .
resulted in more harm to wild bighorns. Be- limited habitat available for bighorns.

Recreationists may cause increased stress
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During the lambing season ewes could bes  Skiing, snowmobiling, mountaineering,
pushed into less optimal habitat, exposing the and snowshoeing will most likely only
lambs to predators and environments with affect bighorn sheep wintering at higher
harsher weather. elevations. The encounters between these

Bighorn sheep in the GYA are particularly  recreationists and the bighorns may be
affected by human use of the following Poten- infrequent enough that there would be little

tial Opportunity Areas: or no impact to the animals. However, if
use increases at these higher elevation
(2) Primary transportation routes winter ranges, managers need to monitor
(3) Scenic driving routes the situation in order to prevent the loss of
(6) Backcountry motorized areas bighorn sheep on isolated winter ranges.
(9) Backcountry nonmotorized areas
(10) Downhill sliding (nonmotorized) LiTERATURE CITED

12) Low-sn recreation ar . )
(12) Low-snow recreation areas Berwick, S. H. 1968. Observation of the

decline of the Rock Creek, Montana,
population of bighorn sheep. Thesis,
* Human approach to the critical areas of University of Montana, Missoula, Mon-
bighorn habitat should be limited. A buffer tana, USA.
zone should be established around bighorBoyle, S. A., and F. B. Samson. 1985. Effects
sheep escape terrain. of nonconsumptive recreation on wildlife:
* Human activities should be limited to roads a review. Wildlife Society Bulletin
or trails to minimize disturbance to bighorn  13:110-116.

M ANAGEMENT GUIDELINES

sheep (MacArthur et al. 1982). Buechner, H. K. 1960. The bighorn sheep in
» Dogs should be prohibited on any bighorn  the United States; its past, present, and
sheep winter range (MacArthur et al. future. Wildlife Monographs Number 4.
1982). Caslick, J. W. 1993. Bighorn sheep in Yellow-
» The remaining bighorn sheep habitat stone: a literature review and some sugges-
should be protected to ensure that migra-  tions for management. National Park
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traditional ranges are maintained. ming, USA.

» Special protection measures should be Constan, K. J. 1975. Fish and Game Plan-
enforced during brief critical periods such ning, Upper Yellowstone and Shields River

as breeding, lambing, and severe winter drainages. Montana Department of Fish
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» Activities such as ice climbing, wildlife Division Federal Aid to Fish and Wildlife
photography/observation, and hiking that Restoration Project FW-3-R:128-183.
occur on lower elevation winter ranges Helena, Montana, USA.
should be monitored very closely. If there Environmental Protection, Fish and Wildlife
is any indication that bighorn sheep are Service. 1993. Management plan for
being displaced either spatially or tempo- bighorn sheep in Alberta. Wildlife Man-
rally, the activities should be stopped or agement Planning Series Number 6.

managed to protect the bighorns. Edmonton, Alberta, Canada.
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ErFFecTts oF WINTER RECREATION ON BisoN

PoPULATION STATUS AND TREND were used to discourage bison from leaving the
ison @ison biso once roamed park, generally With little success (Meagher
most of central North America and 1989). Shooting bison was used as a last
are native to the Greater Yellow-  €Sort. From 1968-84, only a small number of

stone Area (GYA). In the 1870s and 1880s, bull bison were removed as they attempted to

bison were nearly eliminated by market hunt-"OVe beyond the park boundary. Beginning in

ing; only a few small isolated populations 1985, the; state of.Montana used hulntlng to
control bison moving from the park into

remained. In Yellowstone National Park, )
poaching further reduced bison numbers, andMontana. In the severe winter of 1988-89,

1502, 2 s vere counten e PelcarolO0g ST UL and ea e
Valley area of the park. To preserve the spe- as they left the northern portion of the park.

cies, park managers imported 21 bison from Bison continued to leave the park each winter
captive herds in Montana and Texas and in varying numbers, and, in thpe extremely
intensively man the animals at the “Buf- ) ! !

intensively managed the animals at the "Bu severe winter of 1996-97, Montana state

falo Ranch” in the Lamar Valley using live- .

stock techniques. By the winter of 1926-27, officials and park rangers'shot or (;aptured and

the bison population had grown to more than Sem to slaughter 1,084 b'|son. This, added to

1,000 (Meagher 1973). estimates of 300—400 dying from such natural
' The ranching operation ended in the mid- causes as extreme weather, winter kill, and

1930s, when National Park Service (NPS) starvation, brought the total bison population

L . , in Yellowstone down to an estimated 2,000
policy shifted from simple preservation to animals in spring 1997 (NPS 1998). After

conservation of species in more natural condl-e roduction. the early winter booulation count
tions. The captive herd then intermingled withheP ’ y pop

the remaining wild bison herd that survived in\Vas 2,105 bison for the winter of 1997-08.

Pelican Valley. From the late 1930s through

1967, NPS managers utilized herd reductions

to achieve range management goals. In 1967, Bison are highly social animals. Females

when manipulative management of wildlife  and subadults wander together in large herds

populations ceased, 397 bison were counted ith bulls, singly or in small bands, on the

the entire park. Bison numbers were then  periphery of the group. The rut occurs in late

allowed to fluctuate in response to environ- summer (July and early August), and calves are

mental factors. Since 1967, the bison populaborn in April and May. At a few hours of age,

tion increased to a peak of 3,956 in the wintera calf can keep up with its mother (Meagher

of 1994-95 and then declined to 3,398 in the 1973).

winter of 1995-96. A large bison bull may stand six feet at the
In 1968, in response to livestock industry shoulder and weigh 2,000 pounds. Female

concerns about the disease brucellosis, the bison are similar in appearance to males,

NPS proposed a program to control bison at although they are smaller and have more

the boundary of the park. Hazing, herding, slender horns that point forward. Bison have a

baiting, physical barriers, and scare devices

LirFe HisTORY
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heavily muscled neck that supports a massivestudies that specifically focus on the effects of
head, which is swung back and forth in winterwinter recreation on bison.
to move snow from forage.

PoTENTIAL EFFECTS

HaABITAT
M OVEMENTS

Bison are grazers and consume large Bison establish a network of trails and
amounts of sedges and grasses. Bison do ugeavel routes in the winter as the snow depth
forested areas. In winter bison are typically and crust become severe. Bison often use
found in open meadows and thermally influ- rivers, streams, and marshes for travel as well
enced areas. Yellowstone’s bison winter in  as packed and groomed snowmobile trails
three fairly distinct areas with some overlap ofAune 1981, Bjornlie and Garrott 1998).
animals between the wintering areas at varioUsroomed trails may be used extensively by
times during the year. These wintering areas bison; snow-packed roads used for winter
are called the Northern (Lamar Valley), the recreation in Yellowstone National Park may

Mary Mountain (Hayden Valley—Firehole be a major factor relating to the expanded

River), and the Pelican Valley. distribution of bison in the park (Meagher
1993). According to Aune (1981), bison

HumAN ACTIVITIES utilized groomed snowmobile trails regularly

Wint tional h | to travel from place to place. Bison were not

. Inter recreational Use can have several ;o rveqd using ski trails. Bjornlie and Garrott

impacts on wildlife. These include harvest of ; gqqy 41 Kurz (1998) also found that bison

ﬁnlt:qalts (wg_ft_rapt)p N9, hILImtt_lng, pogghl?g), use the groomed roads as part of their network
abitat modinication, potiution, and distur- of trails; however, the majority of bison move-

bance. The_se _|mpacts_ can have_a number Ofments took place off of established roads and
effects on wildlife species, including behav- trails

ioral change or death. Behavioral change may
consist of altered behavior, altered vigor, or D
ISPLACEMENT

altered productivity. The abundance, distribu- The most dramatic physiological defense
tion, and demographics of populations can beresponse Is observed when wildlife are pro-

affected, and this can result in changes in voked by humans on foot (Gabrielsen and

species composition and interactions among Smith 1995, Cassirer 1990). The magni

: . . , . gnitude of
species (Knight and Cole 1995). Alteration ofthe response depends on the distance, the
wildlife movements or displacement from ’

normal wintering areas can result in higher movement pattern of the person(s), and the
. 9 ) 19! animal’s access to cover. Animals will respond
energetic costs for winter-stressed wildlife,

tentially decreasing production of 0 in a passive or active manner, depending on
go entia y”ecd_ea5|t 9 ptol_tuc lon ot young.. species and the particular situation.

ccasionaly, direct mortality may 0cCUur asin =, ypeir initial response to human distur-
the case of snowmobile—wildlife collisions.

There have been vari tudies relat Oltbance, bison usually “freeze” body move-
| Nere have been Various Swaies 18/8€¢ fents, and there may be increased interaction
winter recreation and its impact on wildlife as

: . . among the bison group (Aune 1981). How-
evidenced by recent literature reviews by g group ( )

. : ever, bison will also flee in response to distur-
Caslick and Caslick (1997) and Bennett . . :
th [ly fl Il trott
(1995). However, there are few completed bance; they usually flee by galloping or trotting
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away from the source of the disturbance (Auneuman disturbance and the physiological
1981). The visual stimulus of a snhowmobile atresponses decrease (Gabrielsen and Smith
skier seems to initiate the flight response.  1995). Wildlife, including bison, that are
Except for coyotes, Aune (1981) and Cassirethabituated gradually during the first two weeks
(1990) found that all wildlife species observedof human disturbance (Aune 1981) may ex-
(mostly big game) reacted more quickly to anpend less energy when disturbed after that
approaching skier than to a snowmaobile, and time.
the flight distance was generally greater from  Bison may use groomed snowmobile trails,
skiers. Bison were found to respond dramati-packed trails, and plowed roads for travel
cally to skiers who were off established trails.through areas where surrounding snow is deep.
All wildlife species studied, including bison, However, bison may not use these trails if the
were wary of people on foot. packed routes are not within foraging areas or
Most snowmobile—wildlife encounters do not lead to them (Bjornlie and Garrott
occurred either early in the day (between 8 ari®98). These types of routes facilitate bison
10 a.m.) or late in the day (between 5 and 6 movement by making movement more energy
p.m.). Most snowmobile—bison interaction efficient. Bison may no longer be “snow-
occurred because of the bison’s presence on bound” in locations where they have had to
groomed trails, and the number of interactionspend the winter in the past. Increasing num-
increased with snow depth (Aune 1981). Marbers of bison have adapted to snow-packed
bison flee when they encounter snowmobiles roads and are using them as a travel route to
because they are “herded” down the trail by access forage sites (Meagher 1993). Despite
snowmobilers. Heavy human activity may the presence of snow-packed roads, bison
temporarily displace wildlife from areas withincontinue to use natural corridors, such as
63 yards of the trail (Aune 1981). Heavy riverbanks where snow depth is ameliorated (as
human activity sometimes occurs in areas thatlong the Madison) or the riverbed itself, to
are winter range for big game such as bison. reduce energy expenditures.
Snowmobile use is often more predictable and Bison in the GYA are particularly affected
localized than skier activity and may cause legy human use of the following Potential
displacement of animals. Varied topography Opportunity Areas (POA):
and good cover may reduce the frequency and
intensity of displacement. Even a natural (4) Groomed motorized routes
barrier, such as a river, may result in higher (5) Motorized routes
tolerance of snowmobile activity.
Bison may also be an issue in POA (3)
ENERGY EXPENDITURE scenic driving routes. This depends on the
Winter recreational activity may signifi-  effect that plowed roads have on bison move-
cantly increase wildlife’s expenditure of fat  ment, and how long this has been occurring.
reserves. At the time of Aune’s (1981) study, The road to Cooke City from Mammoth has
wildlife species in this area were dramatically been plowed since the 1940s. This road
increasing in population size, so the impact otraverses the northern winter range. This area
winter recreational activity was apparently nots considered big game winter range due to
influencing reproductive success. In some lesser snow depths in winter. Bison are known
situations, wildlife may become habituated toto travel on the plowed road, but it is unknown
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if the road facilitates travel to winter ranges

that were not used by bison in the past or .
allows them to exit from areas where the snow
becomes too deep.

There may be some concern in areas where

cross-country skiing occurs, primarily POA (9)
backcountry nonmotorized areas, because of
the potential for stressing bison in the winter
and causing energy loss.

CONTINUING RESEARCH

There are several bison research projects

ongoing in the GYA, including:

1.

10.

Determining forage availability and habitat
use patterns for bison in the Hayden Valley
of Yellowstone National Park.

Seasonal movements and habitat selection
by bison in Yellowstone National Park.
Development of aerial survey methodology
for bison population estimation in Yellow-
stone National Park.

Spatial-dynamic modeling of bison carry-
ing capacity in the greater Yellowstone
Ecosystem—A synthesis of bison move-

M ANAGEMENT GUIDELINES

Where possible, consider rerouting snow-
mobile trails so that they are located out-
side of critical bison winter ranges and
bison concentration areas.

Where major bison migration routes inter-
sect groomed snowmobile trails or snow-
mobile-use routes, consider relocating
snowmobile trails or user routes.

If bison are traveling plowed highways that
have berms, plow frequent “pull-outs”
where bison can escape from vehicular
traffic.

Increase interpretive contacts with
snowmobilers, skiers, and snowshoers to
educate these winter recreational users
about off-trail use and wildlife responses.
Consider restricting human use in areas of
critical wildlife winter range.

Continue to study the influence of packed
trails on bison movement and distribution.
Determine if this influence is acceptable
where it varies from historical versus
critical winter use.

ments, populations dynamics, and interac{_ | TERATURE CITED

tions with vegetation.

Population characteristics of Yellowstone

National Park bison.

Bison interactions with elk and predictive

models of bison and elk carrying capacity,

snow models, and population managemerge

scenarios in the Jackson Valley.

Bison use of groomed roads in the Hayden
Valley and Gibbon Canyon to Golden Gate
areas of Yellowstone National Park.
Statistical analysis and synthesis of 30
years of bison data.

The effects of groomed roads on the behav-

ior and distribution of bison in Yellowstone
National Park.

Assessing impacts of winter recreation on
wildlife in Yellowstone National Park.

Aune, K. E. 1981. Impacts of winter

recreationists on wildlife in a portion of
Yellowstone National Park, Wyoming.
Thesis, Montana State University,
Bozeman, Montana, USA.

nnett, L. E. 1995. A review of potential
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Grand Teton and Yellowstone National
Parks: a bibliographic data base. Univer-
sity of Wyoming Cooperative Fish and
Wildlife Research Unit, Laramie, Wyo-
ming, USA.
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ErFFecTts oF WINTER RECREATION ON ELK

PopuLATION STATUS AND TREND management philosophy that continues to the
y the early 1900s, ellCervus present, in which the park has attempted to
. allow natural processes, to the maximum
elaphu3 populations throughout xtent possible, to regulate ungulate numbers
North America had been decimated® P ' 9 9

within Yellowstone. After the NER was estab-

domestic livestock, and habitat changes. Mo“tSheOI n Jack_s_on Hole, the elk population there
egan to stabilize, although the number of elk

of the estimated 50,000 remaining elk were in the adjoining Grand Teton National Park

concentrated in the Yellowstone National Par%GTNP) continued to decline until mid-century
(YNP) and Jackson Hole areas (Seton 1927)'(Smith and Robbins 1994). Managers have

Protection of wildlife in YNP through installa-

L . been concerned about the large numbers of elk

tion into Yellowstone of the U.S. Army in 1886 : . . ;
-wintering on a restricted area in the NER and

and passage of the Yellowstone Park Protecﬂaﬁn :

Act in 1894 helped to reduce illegal killing in € impacts that they may have on forage

) upply and habitat quality. Therefore, an elk
the parl_<, and by the earl)_/_1900s_ the park_s eIIglunt was established on the refuge and in a
population began to stabilize or increase in

number (Houston 1982, Robbins et al. 1982).'00”'0.rl of the adjoining GTNP (Smith and
. 1 : . Robbins 1994). The states of Montana, ldaho,
Conflicts with livestock operations, combined

with a series of severe winters that resulted inanOI Wyt)mlng manage elk herds in the GYA by
. monitoring herd numbers and often herd
heavy losses of elk, caused continued concern

about the future of the elk population that comp93|t|on, setting populanon and habitat

. : . objectives, and conducting regulated hunts. All
wintered in the Jackson Hole area (Robbins . .

of the elk herds in the GYA are subject to
et al. 1982). In response to these concerns, N . .
. L ’_hunting in at least a portion of their ranges.

Congress in 1912 passed legislation authorlz-Some alk that summer in YNP. which is closed
ing creation of the National Elk Refuge (NER) X

. . to hunting, may be hunted as they migrate
in Jackson Hole. Since the early 1900s, whenOuth to winter range (Smith and Robbins

rnrzgzgveirrlnegt‘sfg)nr;z\r/lvgge de:|rf Ct(()%duﬁ):tzgigl?/na 994). Most of the elk herds in the GYA were
P 9 9 Pop either stable or increasing during the 1980s

the Greater Yellowstone Arga (GYA), the n(USFWS 1994), although a few have experi-
management of elk populations has undergone

enced declines in recent years. Populations
several phases. In YNP, predator control,
: : ) . south of YNP have been at or above stated
winter feeding, and effective protection from

poaching resulted in a stable or increasing eIIPOpgll?rtr'(e)gﬂo bjae r?tle\/setisrr:r;treedcggtggg—%b 000 elk
population (Houston 1982), which, in turn, Y ’ ’

. . inhabit the GYA, in 10-12 separate herds
created concerns about habitat degradation.
A ke . (USFWS 1994). The northern Yellowstone elk
Beginning in the 1930s and continuing until

1969. an average of 327 elk per vear were herd summers in the northern and eastern
' 9 Pery ortions of YNP and surrounding mountains,

removed from the park (Houston 1982).’ malnIS(nd as far south as Yellowstone Lake (Houston
from the northern range, through trapping for 1982). This herd’s winter range extends from

translocation and shooting. In 1969, the parkthe Lamar Valley in the northeastern corner of

placed a moratorium on elk removals (Cole .
1969). That period marked the beginning of aYNP' north and west to the Dome Mountain

by commercial exploitation, competition with
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Wildlife Management Area outside YNP the Gallatin River in the Gallatin Canyon area
(USFWS 1994). This herd numbered aroundin Montana (USFWS 1994). This herd num-
20,000 in the early 1990s (USFWS 1994), bubers approximately 1,200-1,400 animals
counts in 1998 and 1999 indicate that the = (MFWP 1992). Wildlife managers are con-
northern herd currently numbers around 12,0@@rned about increasing development on this
animals (Montana Fish, Wildlife and Parks, herd’s winter range in addition to a lack of
unpublished data; National Park Service, security cover (MFWP 1992). A sub-popula-
unpublished data). tion of the Gallatin herd summers at high

A migratory herd of approximately 3,000— elevations along the Gallatin Mountain Range
4,000 elk summers in the northern mountainsand in the northwest corner of YNP (USFWS
of YNP and moves into the southern portion 01994). This group winters in the mountainous
the Emigrant elk management unit north of areas west of the Yellowstone River and north-
YNP during winter (MFWP 1992). This herd, west of the YNP boundary. The total Gallatin
which has been increasing in recent years, area elk population was estimated at about
joins a resident herd of approximately 800— 2,900 during the early 1980s (USFWS 1994),
1,000 elk that summers in the Absaroka Mourand had increased to approximately 3,600—
tains north of Yellowstone and winters in the 3,800 by 1992 (MFWP 1992).
foothills east of the Yellowstone River, north of Three elk herds along the eastern boundary
YNP (MFWP 1992). of YNP summer primarily in the park. The

Three herds inhabit the area to the west a@dark’s Fork herd winters along the Clark’s
northwest of YNP. The Madison—Firehole herBork River northwest of Cody, Wyoming, and
resides year-round in the Madison and Firehoteimbered approximately 3,600 animals in
river drainages within and adjacent to the 1988 (USFWS 1994). The North Fork
western boundary of YNP. Numbering ap- Shoshone herd winters along the North Fork
proximately 600—-800 animals (USFWS 1994)Shoshone River drainage west of Cody, Wyo-
this herd is generally non-migratory ming. This herd was estimated at roughly
(Craighead et al. 1973). Geothermal sites and,900 elk in the late 1980s (USFWS 1994).
thermally influenced areas are critical to the The Carter Mountain herd winters in the Carter
overwinter survival of this herd, which wintersMountain area and along the South Fork
in a harsh area where snow depths peak at Shoshone River southwest of Cody, Wyoming,
115-150 cm annually (Craighead et al. 1973,and consists of approximately 3,100 elk
Pils 1998). The availability of thermally (USFWS 1994).
influenced areas with associated reduced To the south and southwest of YNP and
snowdepths may provide an upper limit to theGTNP are three elk herds that spend all or part
size of this herd (Craighead et al. 1973). of the year in the GYA. EIlk from the Targhee
Another population of elk summers in the herd south of YNP summer generally outside
Gallatin and Madison ranges within YNP and YNP and winter along the Idaho—\Wyoming
west of the YNP western boundary and wintefsorder south of YNP (Mack et al. 1990).
east of the Madison River in the foothills of th&pproximately 500 elk were counted in the
Madison Range (USFWS 1994). This populaTarghee herd in the late 1980s (USFWS 1994).
tion is believed to be increasing and was The Jackson herd, which winters on the NER
estimated at nearly 7,000 in 1992 (MFWP  and in the Gros Ventre River Valley, summers
1992). The Gallatin herd summers primarily im the mountains to the north and east, includ-
the northwest corner of YNP and winters alongng areas in Yellowstone and Grand Teton



ErFFecTtsorF WINTER RecreaTIONON WiLDLIFE 19

national parks and portions of the Bridger— attain sexual maturity at about 2%z years of age,
Teton National Forest (Mack et al. 1990, Smithnd then are capable of producing a calf annu-
and Robbins 1994). From 1978 to 1982, ally (Nowak 1999). Males are capable of
roughly 7,600 elk wintered on the NER annu-mating at the same age, but most do not suc-
ally (Smith and Robbins 1994). The entire  cessfully breed until much later because of
Jackson elk herd was estimated at approxi- competition from older bulls (Nowak 1999).
mately 16,000 animals in 1988 (USFWS In wild populations few elk live longer than
1994). The Sand Creek elk herd in eastern 12-15 years, with males often living shorter
Idaho, which numbered approximately 4,200-ives than females because of injuries incurred
4,900 in the mid- to late 1980s, summers easturing the rut and decreased ability to deal

of Highway 20 in or near YNP, and winters in with poor forage condition during the winter
the Sand Creek winter range southeast of  when they are nutritionally stressed from the

Dubois, Idaho (Brown 1985). rut (Peek 1982, Nowak 1999). In heavily
hunted populations, the ratio of adult bulls to
LiFe HisToORY adult cows may be quite low (Peek 1982). The

Tajor source of mortality in most elk popula-

Elk are gregarious animals, an_d for most q ons, including those in the GYA, is hunter
the year males and females remain grouped 'Rarvest and associated crippling loss and

separate herds. Females begin to restrict theflrlegal kills (Peek 1982). Wolves, cougars, and
range and gather in traditional rutting areas in ' :

ionall t ti
August and September (Martinka 1969), occasionally coyotes and domestic dogs may

where, by early October, they are joined by prey on both adult and calf elk (Murie 1951,
' ’ H ker 197 1983, Murphy et al.
males (Nowak 1999). During October males ornocker 1970, Carbyn 1983, Murphy et a

compete for females and attempt to gain and 1992, Gese and Grothe 1995). Both black and
izzl i tant t
hold a harem of females through displays grizzly bears may be an important predator on

. ) : . . elk calves in some areas (Murie 1951, Singer
myolvmg hlgh-pltcheq bu_gles, an_tler thrashln_get al. 1997). Other sources of mortality are
urine spraying, and fighting (Murie 1951, Ge'st!irowning, miring in thermal mud, fighting

1982, Nowak 1999). Males may incur serlousOluring the rut, entanglement in fences, and

:”‘t”rédfrl')”g thl\j rut, VYEICh 'Sluﬁua”y. d?h”e bY starvation (winterkilly (Murie 1951). Vehicle
ate Lctober. Viany elk populations IN e ¢, iqions also contribute to elk mortality in

western U.S. migrate to low elevation winter

range (Nowak 1999), where they may aggre- most GYA herds.
gate in groups of up to several thousand ani-
mals (Boyd 1978). The gestation period is
roughly 250—-265 days (Clutton-Brock et al. Skovlin (1982) described the basic require-
1982, Taber et al. 1982), after which usually aments of elk habitat. Habitat selection is
single calf is born, generally in late May or  determined by topography, weather, vegeta-
early June (Murie 1951, Peek 1982). Sex ratittonal cover, and escape cover. Elevation is

at birth is usually 1:1 (Peek 1982). Females probably the most important topographic

may separate themselves from the larger herdhfluence, determining seasonal availability of
to give birth in isolated areas, where they habitats. The most important influences of
remain with their calves for several weeks  weather on elk habitat use are snow depth and
(Boyd 1978). Lactation may last 4—7 or morecondition, which limit elk movement and
months (Nowak 1999). Females generally forage availability. Vegetative characteristics

HABITAT
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that are important determinants of elk habitat percent of their diet (Nelson and Leege 1982).
use include cover for both thermoregulation Grasses, forbs, and browse are all used to
and hiding or escape, as well as forage avail-varying degrees during the summer, depending
ability. Elk are an ecotone species (Skovlin on availability (Kowles 1975, Nelson and
1982). Studies have shown that although elkLeege 1982). Leaves of browse species may
are primarily grazers, their use of an area waslso be consumed (Peek 1982). In addition to
higher when shrubs were intermixed with providing high quality forage, spring and
forest stands or where forest stands containedummer range must provide opportunities for
more than one successional stage (Lonner escape from biting insects as well as shade for
1976). Ecotones provide a greater variety of escape from heat stress. Interspersion of cover
forage plants used by elk, and more plants to open areas appears to be important in deter-
occur at a variety of phenological stages mining calving areas because of the need for
because of differences in microclimates wheréiding sites used by newborn calves (Peek
habitat types are intermixed (Skovlin 1982). 1982).

With the exception of the population in the
Madison River drainage in and adjacentto  WINTER RANGE
YNP (Craighead et al. 1973), elk in the GYA Snow depth and snow characteristics
are migrators, tending to return to the same appear to be the driving factors in the timing
winter and summer ranges year after year and rate of elk migration to winter range
(Peek 1982). Although they are not migratory(Lovaas 1970, Adams 1982). Characteristics
the Madison River elk do exhibit seasonal  important in elk use of winter range include
changes in habitat use (Craighead et al. 19733reas of low snow cover to facilitate movement
Migrating elk often follow the same travel and access to forage, escape cover from preda-
routes, which are determined by topographic tion, and security from harassment and associ-
features and natural travel lanes (Adams 1982ted energy expenditures. Areas used by elk in
Although movement to winter range is dictatedinter are often low elevation valleys where
primarily by increasing snow depth and densignow accumulations are low, but may also
at higher elevations (Adams 1982, Farnes et ahclude windblown ridgetops and thermal areas
1999), summer and winter ranges fulfill differ-and thermally influenced habitats where snow

ing habitat needs for elk. depths are generally low and some green
vegetation may be found year-round
SUMMER RANGE (Craighead et al. 1973). Adult females, calves,

Because of their large body size, elk haveand younger elk of both sexes generally winter
relatively slow fattening rate, so summer rangmm large groups in low elevation habitats
and the pulse of vegetative productivity be- (Adams 1982). Some females calve while on
tween spring and the rut in autumn is of greatwinter range, in which case hiding cover for
importance in their ability to build up reservescalves is of critical importance as described
with which to survive the winter (Geist 1982). above. Adult male elk generally seek widely
Adult female elk face serious energy demanddispersed small patches of habitat providing
during lactation (Nelson and Leege 1982), nutritious forage that will build up lost energy
which occurs while they are on spring and  reserves and recover from injuries incurred
summer range. Grass is the most important during the rut (Geist 1982). Bulls are often
forage type for elk during the spring greenup found on the fringes of winter range occupied
months, usually making up more than 85 by cow/calf groups (Peek 1982) or at higher
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elevations and in areas of greater average sn@®82). Because of the low quality of winter
depth. This separation of the sexes on the forage, elk often rely on reducing energy

winter range may help to reduce competition expenditures to increase their chances of

for limited forage (Peek 1982). Elk diets on surviving and successfully reproducing

winter range are influenced strongly by foragg§Marchand 1996). Movement through snow is
availability, which is in turn affected by snow energetically costly for elk, becoming consid-
depth and density. In general, elk prefer to erably more costly as snow depth exceeds knee
consume dried grasses during the winter, height (Halfpenny and Ozanne 1989). Farnes
followed in preference by browse species andet al. (1999) reported that when snow-water

then conifers (Nelson and Leege 1982). equivalent, a measure of snow density, reaches
6 inches, elk are generally unable to continue
HumMAN ACTIVITIES foraging in that area and must move to areas of

lower snow depth or density. Elk are appar-
ently unable to crater through snow deeper
Xhan approximately 40 cm in search of food,
and at greater depths they may switch to
foraging on browse (Marchand 1996), which is
benerally a poorer quality food than grasses.
After elk have foraged in an area, the disturbed
snow around craters often becomes very dense

Elk face many obstacles in surviving the
winter, some of which can be compounded b
the impacts of human activities. Winter is an
energetically difficult time, in which elk must
carefully balance energy expenditures agains
energy intake in order to survive. Forage
guality is lower in the winter than at any other

time of year. In experimental feeding trials and precludes further foraging in that area,

m_ost elk_ lost weight on diets that m|m|cke_d forcing elk to seek other areas or other sources
winter diets (Nelson and Leege 1982). Winter

: . ) . of food (Farnes et al. 1999).
habitat quallt)_/ may play an important role in Elk rely on fairly restricted winter ranges in
the reproductlvg_success o_f_females. The which food and cover may be limited or of
overwinter n_utntlonal con_dltlon of elk has bee%arginal quality, and, consequently, any
correlated with reproductive success. Thorne

: : : activity preventing them from using all or part
_et al. (1976) correlatec_i high winter weight los f that range could have negative impacts on
in pregnant females with prenatal calf loss, lo

if birthweiaht. and | val of b Yheir ability to survive or to successfully
calt birthweight, and low survival of new OrrlSreproduce. In many areas within the GYA

Poor winter diet may also be associated with historic winter range has been settled by

poor milk production (Taber et 6?'- 1932)' humans and converted into developments or
Adult males ”S”_?”y enter the vx_nr_lter in rela- agricultural uses. Human settlement on his-
tively poor c_ondltlo_n _anq often |njureql aSa  toric winter range may decrease the quality or
result of rutting activity in the fall (Geist availability of winter range, through changes in

é9t82)' _Quallr:yt(r)]f winter hablltat alonc_e m?hy habitat, increased harassment by humans, or
etermine whether some maies survive the ompetition with livestock (Skovlin 1982,

winter, when forage quality is at its lowest andﬁfaber et al. 1982). The NER was created in
often 'S least accessible (Geist 198.2)' Upto response to the fact that much of the historic
approximately 87 per_cen_t of the dally forage winter range in the Jackson Hole area had been
c?ns;mgd b)t/ ?Jn I(_—:‘kaln V\t/_lnterl IS u_sedl for th converted to agricultural and other uses, de-
standard metabolic tunction, leaving 1ess al'briving elk of critical habitat needed to survive

15 percent for growth, r_eproductlon, tempera—the winter. Human settlement in the GYA may
ture regulation, and activity (Nelson and Leege
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already have restricted some elk herdsto  of time searching for the rest of the group
smaller or less productive winter ranges, before continuing directional travel (Adams
putting them at greater risk of negative impacts982). Logging roads with associated debris
from other forms of disturbance or displace- piled along the edges have proven to be barri-
ment. Cows with calves generally winter at ers to elk movements in some areas (Lyon and
lower elevations than do bulls (Adams 1982), Ward 1982). This is likely to also be true of
but low elevation valleys and river corridors arenow berms piled along plowed roads during
also the areas most often used by humans fothe winter. Elk flight distances in reaction to
settlement, agriculture, and road-building humans varies by season, habitat, conditioning,
(Glick et al. 1998). Elk in the Madison— and type of human activity (Skovlin 1982).
Firehole elk herd are extremely restricted When elk are disturbed by hunters, they may
during the winter, surviving in small patches ofravel long distances before stopping (Adams
thermally influenced habitat along the Madisoh982), sometimes up to 8 miles before reach-
and Firehole river corridors (Craighead et al. ing security cover or protected areas (Altmann
1973, Aune 1981). The groomed road betwed®58). Solitary elk appear to have longer flight
West Yellowstone and Old Faithful, however, distances than do groups (Skovlin 1982). Elk
transects the core of this critical winter habitaexperience an accelerated heart rate during the
(Aune 1981). alert state immediately preceding flight caused
Some research has been conducted into thg harassment, car horns, gunshots, and sonic
effects of disturbance on elk behavior and  booms (Ward and Cupal 1979), but elevated
movements. EIk in some areas have appareribart rate has rarely been linked to changes in
changed traditional travel routes in response teproduction or survival (Ferguson and Keith
human settlement and to hunting pressure, 1982). Repeated flight, however, particularly
particularly on winter range (Picton 1960, through deep snow, uses energy reserves that
Kimball and Wolfe 1974, Smith and Robbins might otherwise be used to help elk survive the
1994). Logging activity in some areas has critical final weeks of winter (Skovlin 1982).
increased year-round access for recreationistkyon and Ward (1982) reported that logging
into elk habitat, which in some areas has activity occurring on elk winter range results in
resulted in changes in elk distribution (Skovliness movement by elk than logging activity on
1982). Declines in elk use of areas within ~ summer range does, possibly due to the re-
0.25-1.8 miles of roads have been reported, duced vigor of elk during winter, the difficulty
with distances varying according to the amounf movement in deep or crusted snow, and the
and kind of traffic, quality of the road, and lack of alternative areas to which to move.
density of cover adjacent to the road (Lyon anélune (1981) also observed that in YNP, elk
Ward 1982). Avoidance of roads results in  were less likely to flee from snowmobiles or
habitat near roads becoming effectively un- skiers late in the winter than they were earlier
available to elk (Lyon 1983). Ward et al. in the season. He suggested that this was
(1976) and Hieb (1976) state that harassmentikely due in part to habituation by elk to
can be of concern because elk will readily ~ snowmobile traffic, and in part to decreased
desert productive habitats when disturbance igigor of elk later in the season combined with
excessive. the increasing difficulty of flight through deep,
When elk groups crossing highways en  crusted snow. Proximity of escape cover that
route to winter range are interrupted by trafficpreaks the line of sight between elk and the
they have been observed spending a great dedisturbance may reduce flight distances and
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consequently the amount of energy used in lished trails than from skiers on established
flight. Moving automobiles and trail bikes hadrails (Aune 1981). During winter in Rocky
little effect on elk resting in timber at distance#ountain National Park, elk were relatively
of only 0.13 miles (Lyon and Ward 1982). undisturbed by visitor activities occurring on
Findings from studies of elk behavior in  roads, but they exhibited longer flight distances
response to specific human winter recreationdtom an approaching person than from an
activities are varied. Ferguson and Keith approaching vehicle (Shultz and Bailey 1978).
(1982) researched the influence of cross- Ward (1973) reported that elk are easily condi-
country ski trail development and skiing on elkioned to repeated patterns of human activity,
and moose distribution in Elk Island National but tend to be disturbed by deviations from
Park in Alberta, Canada. They found no normal patterns. In YNP, Aune (1981) found
indication that overwinter distribution of elk  that wildlife species, including elk, were more
was altered by cross-country skiing activity. likely to be displaced by or exhibit flight
However, it did appear that elk moved away responses to snowmobile traffic during the pre-
from ski trails, particularly those that were ~ season when traffic was limited to occasional
heavily used, during the ski season. Anecdotaldministrative travel than they were to the
observations indicate that elk may be relativelgeavier traffic occurring during the recreational
sensitive to the sight and sound of snowmo- season. This may have resulted from habitua-
biles, moving away when only a few machinesion by elk to the presence of snowmobile
are present (Bureau of Land Management, traffic and to establishment of a more constant
unpublished data in Bury 1978). Anderson arichffic pattern during the recreational season.
Scherzinger (1975) reported that when recre-This change in response may also have resulted
ational snowmobile activity increased in the from decreasing physical condition of elk later
Bridge Creek Game Management Area in  in the winter, and increasing snow depth and
northeastern Oregon, winter elk counts de- crusting that inhibited flight. Elk also demon-
creased by 50 percent. After the area was strated a shift to a more crepuscular activity
closed to snowmobiling, the population re-  pattern when recreational snowmobile activity
turned to its previous numbers. Aune (1981) increased (Aune 1981).
found that heavy snowmobile traffic in YNP It has been suggested that the presence of
occasionally inhibited free movement of groomed ski and snowmobile trails may
wildlife, temporarily displacing them from provide a means for energy efficient travel for
certain areas. The most significant impact onelk and other wildlife during winter. Ferguson
wildlife distribution appeared to be within 60 and Keith (1982) found no indication that elk
m of groomed snowmobile trails. Aune (1981used groomed ski trails as preferred travel
also reported that snowmobile activity in YNProutes in Elk Island National Park, Alberta.
resulted in average elk flight distances of 33.&lk in the Madison—Firehole and Gibbon River
m, compared to average flight distances of 53cbrridors of YNP used groomed snowmobile
m in response to skiers. In another study, elktrails increasingly as snow became deeper and
began to move when skiers approached to more crusted and as animal condition declined
within 15 m in an area heavily used by humarthrough the winter (Aune 1981). Trails created
year-round, and within 400 m in an area wherky only one or two passes of a snowmobile and
human activity is much lower (Cassirer et al. ungroomed ski trails, however, were not
1992). Elk in YNP fled more frequently and compacted sufficiently to support the weight of
over greater distances from skiers off estab- an elk and consequently were not used. Elk
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suffer greater chances of mortality from ve- or less than the costs of disturbance encoun-
hicle collisions when using roads and trails, tered while using such travel routes. Plowed
particularly if they become trapped by plowedroads may represent barriers to movement by
snow berms or other obstacles along road andlk if there are high snow berms on either side

trailsides. of the road, and may contribute to vehicle-
caused mortality of elk using roads or trails.
PoTenTiAL EFFecTs Roads may also provide energy efficient means

of travel for predators in winter, increasing
their ability to access prey and thereby increas-
ing vulnerability of prey species such as elk.
Activities occurring in unexpected places
or at unexpected times, such as skiing on
aﬁghtly used trails or off-trail skiing, off-trail
snowmobile use, or opening of previously
Rlosed areas can cause elk to flee, thereby
using valuable energy reserves. Flight may be
Hoarticularly costly for elk if snow is deep or
crusted, or if elk are already in nutritionally
stressed condition. Activity that occurs repeat-
edly but unpredictably may result in cumula-
tive energy use over the course of the winter
that might compromise an elk’s ability to
survive or reproduce. Repeated disturbance
that does not result in flight may create stress

Winter recreational activity can result in a
variety of impacts on elk, depending on the
nature and duration of the activity and the
condition of the affected animals. Elk may
readily habituate to predictable activity, so th
recreational activities taking place on well-
established routes and over a predictable tim
interval may have little effect on them after
they become accustomed to the activity. Elk
may learn to avoid areas of continual noise o
disturbance, however, effectively removing a
portion of otherwise available habitat from
their use. This avoidance can have negative
impacts on elk by reducing the amount or typ
of forage available and thereby adding to
nutritional stress. Human activity occurring in

low-snow areas may |mpapt elk primarily in the form of increased heart rate and hor-
becausg thqse areas are likely t_o be favored_ l?1¥onal and other physiological changes, but
f‘.lk Ia‘;e\ Itrll wgltert_whefn they arel N poor Corldl-any effects that these changes may have on
on. | nuer lun Ing, for gxa?mptf]’ 'T ?n e?(-t overall survival and reproduction have not been
_treme y popg ar aC]EIV:E/h ut:!tn% . ?ha évaAn ©F well researched. The effects of disturbance by
N many portions ot elk habitat INthe YA, mang may be lessened if adequate hiding
partlcularly on the northern range. This aCtIV'cover is available nearby. Disturbances that

ity plqces humans generally on foot or hOrse'occur late in winter, when elk are in their

back in low-snow winter range areas where poorest physical condition and the forage

bulls may be concentrated late in winter. TheSUIDIDIy may be depleted, are likely to have a
generally unpredictable, off-trail nature of thismore negative impact th:';m those occurring
activity has the potential to create significant earlier in winter. Inability of elk to move
disturbance and stress to bull elk at a time through late-winter deep and crusted snow may

when their energy reserves are at their IowestCompounol the stress associated with distur-
Conversely, elk may learn to use groomed

q trail 4ol 4 road bance at that time.
roads or tralls, and piowed roads as energy- Elk in the GYA are likely to be affected by
efficient travel routes during the winter. It is

. . human use of the following Potential Opportu-
not known whether the energy savings of usi g PP

A Areas:
plowed and groomed roads and trails is greatery
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(1)

(2)

(4)

(6)

Destination areas. If such areas are
newly created within elk winter

range, they have the potential to
displace elk from needed habitat. Elk
may become accustomed to activity
at destination areas if that activity is
predictable. Irregular human activity
at such areas may prompt flight
response by elk in the vicinity.
Primary transportation routes and (3)
scenic driving routes. Transportation
routes are often located in low-
elevation areas and along river corri-
dors, areas also often used by elk for
travel and winter range. Habitat may
become unavailable to elk through
construction of transportation routes
and through avoidance by elk of
transportation corridors, particularly
those that are heavily used. Routes
with heavy traffic use or physical
barriers along roadsides may interfere
with elk travel and migration patterns.
Vehicle collisions may result in
mortality of individual elk.

Groomed motorized routes and (5)
motorized routes. Groomed routes
are likely to have impacts similar to
those of primary transportation routes
and scenic routes, depending on the
level of human use. Groomed routes
may provide an energy efficient travel
route for elk, but may also do the
same for predators of elk.
Backcountry motorized areas. Hu-
man activity in backcountry areas is
likely to be less predictable than in
other motorized recreation areas and,
therefore, has more potential to create
flight response in individual elk or
groups of elk. Motorized use of these
areas is likely to occur over a less-
confined area than transportation
routes, potentially increasing the area

(7)

9)

of disturbance or displacement of elk.
This type of recreation usually occurs
in higher elevation, deep-snow areas
and so may impact only scattered
groups of adult males.

Groomed nonmotorized routes and
(8) nonmotorized routes. If use of
these areas is predictable and con-
fined to a defined area, elk may
become habituated to the human
activity occurring there. Neverthe-
less, elk could be displaced from
areas immediately adjacent to
groomed routes, and individuals or
groups of elk may be prompted to
flee from humans using such routes.
Elk are more likely to flee from
activity occurring on ungroomed
routes because of the unpredictable
nature of that use. Use of
nonmotorized routes is, however,
likely to be less frequent than that of
groomed routes.

Backcountry nonmotorized areas.
Although use of these areas is unpre-
dictable and, therefore, likely to
produce flight response in elk, this
type of use is likely to be infrequent
enough to prevent recurrent stress of
elk wintering in these areas.
Backcountry skiing areas are also
likely to be in higher elevation, deep-
snow areas where fewer elk groups
winter.

(10) Downhill sliding (nonmotorized).

These areas are likely to be limited in
number and size and are likely to be
located adjacent to roads or groomed
motorized trails. Disturbance associ-
ated with these areas is likely to be
only slightly increased over distur-
bance from the transportation route
used to access them.
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(12) Low-snow recreation areas. One of
the primary characteristics in elk
choice of wintering areas is low snow
depth. Therefore, human activities in
these areas have potential to displace
elk from important winter range. Elk
may completely avoid such areas if
human use is heavy or unpredictable,
thus depriving them of access to
forage and easy travel routes. Al-
though habituation is possible to
activities occurring in a predictable
fashion, disturbance by humans can
cause repeated flight response,
causing stress and energy consump-e
tion by elk. Cows and calves gener-
ally winter in low-snow areas, and
those affected by continued distur-
bance or displacement may suffer
decreased reproductive success or
ability to survive harsh winters.

M ANAGEMENT GUIDELINES .

Avoid construction of new facilities in elk
winter range and place any necessary
construction in or adjacent to already
disturbed areas. Elk winter range in many
parts of the GYA is being converted to

developments and other uses, so additionil

removal of winter habitat should be
avoided.

Regulate human activities so that they
occur in defined areas in as predictable a
fashion as possible. Elk may become
habituated to regular human activity,

maintain sight barriers (brushy or forested
areas) adjacent to human-use areas, thereby
reducing the distance elk must flee to find
hiding cover.

Avoid placing transportation and motorized
routes in low-elevation, low-snow, riparian,
and open habitats favored by elk. Where
this is necessary, attempt to occasionally
move the route away from those areas and
through denser timber or areas with ad-
equate hiding cover. Avoid creating road-
side barriers that may prevent elk from
crossing roads or trails or that may trap
animals along the route.

Limit human activity in low-snow winter
range areas. Where it occurs, keep activity
concentrated in established areas.
Consider limiting or removing livestock
from low-snow wintering areas where they
compete with elk, in order to mitigate for
habitat losses occurring through develop-
ments on elk winter range in other areas.
Carefully research elk use of particular
areas before creating new human activity
zones. Avoid creating new developments
or disturbances in areas where elk have no
alternative winter range to use or where
impacts cannot be adequately mitigated.
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EFFecTs oF WINTER REcCrREATION OoN GRAY WOLVES

PoPULATION STATUS AND TREND Packs consist of the dominant or “alpha”

ray wolves(Canis lupuj were breeding pair, their recent litter of pups, and
( ; once distributed throughout North other adult and subadult individuals (Mech

America and were native to the 1970, Tilt et al. 1987). During early spring

Yellowstone area (Bangs and Fritts 1996). i (Mid-March to early April), wolf packs exca-

: ) vate a den and rear a litter of pups. Average
the conterminous United States, they were estimated birth date for wolf pups in the

extirpated to 3 percent of their historical range, . owstone area in 1995 and 1996 was April

(Fuller et al. 1992). In the QrgaterYeIlowston§4 (Phillips and Smith 1997): pups are nursed
Area (GYA), wolves were eliminated by the . :
six to eight weeks. At one to two years of age,

mid-1930s as a result of systematic predator .

a young wolf leaves the pack and tries to form
control (Weaver 1978). )

its own pack.

Following the approval of the 1994 envi-
. : Wolves depend upon ungulates for food. In
ronmental impact statement on the reintroduc; >
. ) the Yellowstone area, the primary prey for
tion of gray wolves into the Yellowstone and . ) .
wolves is elk (87%); other prey includes

central Idaho ecosystems, wolves were reintr(r)ﬁoose deer, antelope, and bison (Phillips and
duced to these areas in 1995 and 1996 , ’ Pe, P

. Smith 1997). Wolves prey on ungulates
(USFWS 1994). Although wolves are classi- :
fied as “endangered” in Montana, Idaho, and throughout the year (Tilt et al. 1987), and use

Wyoming under the Endangered Species Act L(J)r]ggulate carcasses (elk and bison) during early

1973 (USC 1531, 1982 amend.), they were P19 Prior to denning. The peak period of
e » : : availability of carcasses occurs about mid-
reclassified as “experimental/non-essential

L April (Green et al. 1997; D. Smith, Yellow-
populations” in the Yellowstone and central . o
. stone National Park, personal communication).

Idaho ecosystems before they were reintro-
duced to allow more flexibility in managing
the species. This designation allows govern-
ment agencies more options for relocating or ~ Wolves are not habitat specific and use
removing individual wolves preying on live- much of the landscape within their pack’s
stock (USFWS 1994). established territory (Mladenoff et al. 1995),

In 1995, 14 wolves were reintroduced intohowever, snow depth and condition can influ-
Yellowstone National Park using three “soft ence wolf movements in the winter (Mech
release” pen sites; 17 additional wolves were 1970, Paquet et al. In Press). Winter foraging
reintroduced to the park in 1996, and four peroccurs primarily on ungulate winter range.
sites were used (Phillips and Smith 1997). InThe ungulate winter range is also the key
January 1999, there were approximately 116 spring habitat for wolves as most winter-killed
wolves in at least seven packs within the GYAcarcasses are found here.
(Bangs et al. In Press).

HABITAT

HumaN ACTIVITIES

LiFe HisToRY Winter recreation has the potential to affect

Wolves are highly social and hierarchical, gray wolf movements and habitat use during
and they live in family groups called packs. the period of winter foraging and early spring
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denning. In the GYA, winter foraging typicallycollared gray wolves avoided year-round

occurs on the following ungulate winter access roads open to public use and were
ranges: the Yellowstone northern range (Mackttracted to roads that were closed or were
and Singer 1992), the North Fork of the managed for limited human use. Wolves used

Shoshone River, the Jackson Hole basin, the low-use roads as travel corridors (Thurber et al.
Clarks Fork River (Boyce and Galliard 1992), 1994). Wolf avoidance of settled areas and
and the areas that are geothermally influencedublic roads in this study area was more a
within Yellowstone National Park (Green et al.result of behavioral avoidance rather than
1997). direct mortality of animals. In Jasper National

Some information exists on specific effect$ark, wolves avoided traveled roads and were
of winter recreation on gray wolves. Most negatively affected by disturbance at den sites
information, however, is available from data ofCarbyn 1974). In Yellowstone National Park,
the effects of other human activities. Paquet wolves use areas near groomed snowmobile
et al. (In Press) found that winter movements roads because there are ungulates wintering in
of wolves in Canadian parks were influenced the vicinity. On one occasion in 1997, wolves
by human activities. Winter activities that initially used an elk kill along a groomed
compact snow cover, such as snowmobiling, snowmobile road and then left it when humans
cross-country skiing, and maintenance of  were present (D. Smith, Yellowstone National
winter roads, provided feasible travel routes fd?ark, personal communication).
wolves into areas that were usually inacces- Developments in Canada were shown to
sible because of deep snow (more than 15.5negatively affect wolves in Banff, Yoho, and
19.5 inches). The consequences of this are thatotenay national parks. In Banff National
there may be modifications to wolf/prey Park, the town of Banff partially blocks natural
interactions and habitat use as well as differ- wolf movement, denying access to prime
ences in landscape movements between grougbitat east of town (Purves et al. 1992).
of prey (Paquet et al. In Press).

Studies of snowmobile use and wolf movePoTENTIAL EFFECTS
hm;/r;tss;]r:)\\llv?]y;]%(irvsvé\ll\?éf ?:rl] g) :drkto(lisé dlz?e6 a)ls Winter recreation has the potential to affect

of snowmobile activity in restricted-use areas I'Y WO'.V es during vv_mter foraging and d?n'
The studies also showed that repeated avoid-"ing periods. Potential wolf/fhuman conflicts
cguld occur in winter foraging habitats, along

ance or displacement could result in permane : .
nowmobile and ski trails, or near develop-

displacement, an impact to an animal’s winte .

energy budget, and/or a conditioning of the merélts. ghe Ilygr?jtl:re jhovr\:z i?a.: wdolvgsnb?tr(;

animal to avoid certain areas. While the stud S€ _an avoided roads a alls designate
or winter use. Although wolves use snowmo-

did not prove that winter recreational use . . . .
harmed wolves, it suggested that the NationaPIle tralls for travel and foraging, they avoid
Park Service sr;ould close important wolf roads, trails, and facilities if humans are
foraging areas to winter use until a better present. The ecological sigqificance of a_Itering
understanding of wolf—snowmobile interac- natural movement and foraging patterns is not
tions could be determined fully known. Human activity during late

Other studies have doéumented similar winter/early spring could also displace wolves
responses by wolves in the avoidance of roaogl.’rIrlg the sensitive denning period.

In Kenai National Wildlife Refuge, radio-
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Gray wolves in the GYA are particularly
affected by human use of the following Poten-
tial Opportunity Areas:

biles. Although areas of ungroomed
snowmobile use typically occur at
high elevations where wolves do not

(1) Destination areas. Wolves may avoid
habitats near winter developments
when they occur on or near important
ungulate winter ranges and when the
developments remain open during
spring denning periods (early to mid-
April). This is especially critical
when developments occur in or near
high-quality winter and spring habi-

occupy winter habitats, there is
potential for conflicts between wolves
and recreationists if winter
snowmobiling occurs on low-eleva-
tion or geothermally influenced
ungulate winter range. Impacts
would also occur if wolves were
deliberately chased by recreationists
on snowmobiles.

tats that may include geothermally M ANAGEMENT GUIDELINES

influenced winter range, low-eleva-
tion winter range, and other areas
where winter-killed carcasses are
found.
(2) Primary transportation routes and (3)
scenic driving routes. Primary roads
may affect wolf populations by
fragmenting pack movement and
causing direct mortalities. Five
wolves were killed by vehicles in
Yellowstone National Park between
1995 and 1997 (Gunther et al. 1998).
Groomed motorized routes. Conflicts
could occur when routes groomed for
snowmobiles bisect habitats used by
wolves in the winter, affecting wolf :
movements and foraging patterns.
Moreover, grooming of roads and
trails may affect ungulate movements
(Meagher 1993), and this may influ-
ence wolf movements as well (Paquet
et al. In Press). Areas of particular
concern are ungulate concentration
sites where winter-killed carcasses
are available. These include both
geothermally influenced and low-
elevation winter ranges.
Backcountry motorized areas. Wolf
activity could be affected in
ungroomed areas used by snowmo-

(4)

(6)

New winter recreational developments
should not be built near ungulate winter
ranges or where they would impede wolf
movements between high-quality habitats.
Moreover, existing destination areas should
be closed by April 1 to prevent the dis-
placement of wolves during critical den-
ning periods.

By definition, year-round routes will
remain open whether winter recreation
occurs or not. Wildlife managers should
immediately remove road-killed animals
from roadsides to prevent foraging wolves
from being hit by vehicles.

New groomed motorized routes should be
located in areas that are not classified as
ungulate winter range or important wolf
habitat. Grooming and use of snowmobile
roads and trails should end between March
15 and April 1, allowing wolves to use
spring denning sites without harassment.
Human use of geothermally influenced
winter ranges in the Firehole, Gibbon, and
Norris areas of Yellowstone National Park
should be managed during winter in a
manner that allows wolves to forage;
human use may cause displacement from
these high quality habitats.
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EFFecTs oF WINTER RECREATION oON GRIzzLY BEARS

PopuLATION STATUS AND TREND mortality around the GYA. Since then, trend

istorically, grizzly bear¢Ursus data indicate a modest population increase
H arctos horribilis)ranged through (Eberhardt and Knight 1996). While grizzly

bear mortalities, including human-caused
out most of western North . : . ,
. : L deaths, have varied widely in the GYA during
America. Today, only a fraction of historic : .
opulation levels oceuby a remnant of their the past decade, cub production has increased
bop . Py (Eberhardt et al. 1994, Eberhardt and Knight
former distribution range (USFWS 1993). . o .
. o . . 1996). A turning point in the earlier trend came
Loss or degradation of habitat in conjunction

. . : in the mid-1980s when government agencies
with unregulated hunting and livestock depre- : .
. . : committed substantial resources toward the
dation control are cited as the main factors

contributing to their decline (USFWS 1993). goal Of preventing ac!ult female grlzz!y bear
mortality and protecting important grizzly bear

Grizzly bear populations have per5|s.ted.only. habitat (Eberhardt et al. 1994, Gunther 1996).
where large areas of public land maintained in ) o
Human-caused mortality of grizzlies,

a natural state provide necessary habitat com- : ) :
- especially females, continues to be of particu-
ponents. Limited and/or regulated human

activity has proven to be a requirement for theIar concern in the recovery of this species;

) . . direct human-caused mortality is the cause of
maintenance of grizzly populations (Mattson . : : :
; virtually all grizzly bear population declines
1990). Today, there are six recovery zones L
. D . . and extinctions (Mattson 1993). There are
designated within the conterminous United :
several factors that complicate efforts to deal
States (USFWS 1993). One of these zones . . o . :
. . with this issue. It is impossible to predict the
includes a portion of the Greater Yellowstone

. . number of bear mortalities that will occur in a
Area (GYA), where a self-perpetuating grizzly . : .
. . given time frame, and the range of variation
bear population exists.

Under the authority of the Endangered from year to year can be large. Although the

Species Act (ESA), the U.S. Fish and Wildlife 9"122!Y Population may be increasing, human

Service listed the grizzly bear as a threatene se of the.GYA s also increasing. .Thls means

species in 1975. Recovery goals for the Yel- he potential for bear—-human conflicts and
NN ) . human-caused mortalities persist and will

lowstone grizzly have since been established robablv arow

(USFWS 1993). However, the bear’s long- P Y grow.

. . Numerous researchers have analyzed
term future remains uncertain and controver- _ . :
. : : grizzly bear mortality data for the GYA
sial. Threats to its existence are numerous

(Picton et al. 1985, Mattson and Reid 1991 (Povilitis 1987, Craighead et al. 1988, Knight

Eberhardt et al. 1994, Eberhardt and Knight et al. 1988, NPS 1988). Their findings indicate

1096). In addition, determining population that most grizzly bear mortalities since 1974

) L . involve humans and can be classified as either
size and the characteristics used as a basis qu

trend predictions have been problematic fllegal shootings or management-control
(Schullery 1992, Eberhardt et al. 1994, actions. Povilitis (1987) found that almost half

Eberhardt and Knight 1996). of the mortality risk was associated with

The grizzly bear population declined in th eople carrying firearms on national forest

early 1970s following the closure of open ands. W'thl.n Yellowstone Na}t!onal Park,
garbage dumps and subsequent human-caus%lcrjnOSt all grizzly bear mortalities were the
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result of management actions by the Nationall_ |re HisToRY
Park Service against habituated, human-food-
conditioned grizzlies (Gunther 1994).

Knight et al. (1988) reported that known
and probable deaths of grizzly bears tend to
centered around specific areas in and around

Much is known about the life history of the
Yellowstone grizzly bear (McNamee 1984).
tJéowever, only those details that relate to the
topic of winter recreation use will be men-
tioned here. Cubs are born in the den from late

Yellowstone National Park. They described ¢ v Feb Th helpl
these as “population sinks” and identified ther%anuary 0 early February. They are nelpless
and rely on the mother for warmth and nour-

as the gateway communities surroundin ) . L
g y g hment. The average litter size is about two

Yellowstone National Park, major developme o )
J P fSchuIIery 1992). This is a time when both

areas within the park, sheep grazing allot- . .
ments, and various other human concentratioﬂ;Other and offspring are especially vulnerable
areas. (Reynolds and Hetchel 1980).

One of the major problems associated with
human development in occupied bear habitat i$ABI TAT
the availability of attractants (garbage and  Dennine
human and pet food). Human garbage is cited |n a five-year study of Yellowstone grizzly
as one of the major contributors to bear con- pears in the late 1970s, November 9 was found
flicts with humans (Herrero 1985). If food is to be the mean entrance date for 70 bears
obtained at one of these sites by a bear, the tracked to their dens. The earliest entrance
bear may periodically check the site for more date recorded was September 28 for a pregnant
food. The bears that are thus conditioned arfemale and the latest was December 21. Preg-
often the target of management actions and nant females entered dens earliest, but differ-
usually become mortalities. ences in the mean denning dates of sex and age

Bears are also killed by illegal shooting.  groups other than pregnant females were not
These shootings may be categorized as self- significant. Bears frequented the immediate
defense, defense of property, hunters mistakiagea of den sites from 8 to 22 days before
grizzlies for black bears, and poaching. An entering (Judd et al. 1986).
increase in people in areas where there are Male grizzlies were usually the first to
bears increases the likelihood of mortalities byeave their dens, emerging between mid-
shooting. There are other issues to consider february and late March. The other population
the long-term status of the Yellowstone grizzlysegments generally emerged in the following
bear. The population may reach carrying  order: single females and those with yearlings
capacity, causing a decrease in subadult sur-and two-year-olds followed by females with
vival (Eberhardt and Knight 1996). Available new cubs. The last group emerged between
food may be reduced by climatic change  early and mid-April (Judd et al. 1986).
(Picton et al. 1985, Mattson and Reid 1991),  Judd et al. (1986) concluded that bears did
loss of whitebark pine from blister rust infec- not seek den sites in open areas or show strong
tion (Kendall and Arno 1990, Mattson and  preference for a specific type of canopy cover-
Reid 1991), and a decrease in Yellowstone age; however, sites with whitebark pine and
cutthroat trout as a result of whirling disease subalpine fir appeared to be preferred for dens.
and competition with lake trout (Varley and  Both tree species are found at higher eleva-
Schullery 1995). tions. Elevation of dens ranged from 6,500 to
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10,000 feet; and the average elevation was feeders that use a wide variety of animal and
8,100 feet, with an apparent clumping in the vegetal food items. Although diet varies as
range of 8,000 to 9,000 feet. much by season as by month, trends are dis-
Dens were found on all aspects, but therecernible. The main items in the diet of Yellow-
was an apparent preference for north expo- stone grizzly bears are whitebark pine nuts and
sures. Most dens were found in the 30 to 60 ungulates. Grizzly bears obtain a substantial
degree slope range. Some dens were reusedyortion of their energy from ungulates in the
but others collapsed after a season of use (Jugfating (Mattson 1997). This food source is
et al. 1986). estimated to be one of the top two sources of
Judd et al. (1986) concluded that availabilenergy in the average diet, especially during
ity of denning sites did not appear to be a  March, April, May, September, and October
critical element of grizzly bear habitat in the (Knight et al. 1984). Carrion scavenged from
Yellowstone area since grizzly bears appear tMarch through May constitutes a major portion
be able to use sites with a wide range of envi-of this ingested meat (Mattson et al. 1991),
ronmental characteristics. In addition, given with peak availability of carcasses occurring
the amount of protected habitat in Yellowstoneround mid-April (Green 1994, Green et al.
National Park and the surrounding national 1997).
forest wilderness areas as well as the large size In fall, bears aggressively forage to store
of a grizzly bear’s home range, they did not fat for winter. This pursuit is called hyperph-
think den sites would become scarce in the agia and is characterized by a determined

foreseeable future. attempt to increase calorie intake. The most
Denning studies in Canada, Alaska, and thmportant fall diet item for Yellowstone grizzly
Northern Continental Divide Ecosystem bears are whitebark pine seeds. Because the

(IGBC 1987) indicate that while there are need for food is so intense, bears may approach
differences in entry and emergence dates, theaeeas of human activity that they would ordi-

is commonality in the data on den characterisnarily avoid during this time when whitebark
tics. These data also indicate the adaptabilitypine seeds are not available (Mattson 1990,

of grizzly bears in den site selectionand a  Mattson et al. 1992).

strong fidelity to denning areas. Although den In spring, bears leave their denning sites at
re-use has been documented in many areas, Itigher elevations and search for carrion from
is not considered common; however, returningvinter-killed bison and elk. Therefore, key

to a denning area is. These denning areas spring habitats for Yellowstone grizzly bears
apparently possess characteristics that makeare ungulate winter ranges (Mattson 1997).
them favorable, and some individuals remain Bear use of ungulate carcasses during spring

traditional in using them (IGBC 1987). varies among habitats. Green (1994) found
that grizzly bear use of spring carcasses in-
PrRe-DENNING AND PosT-EMERGENCE creased with elevation and that bears were

The activity of grizzly bears before denningnore likely to use carcasses in the geother-
and after emergence follows a predictable  mally influenced habitats of the Firehole—
pattern that is determined by feeding behaviotibbon and Heart Lake areas than in the low-
The food habitats of Yellowstone grizzly bearselevation areas of the Yellowstone northern
are summarized in Knight et al. (1984) and range. This occurred even though most spring
Mattson et al. (1991). These investigations carrion in Yellowstone National Park was
show that grizzly bears are opportunistic
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found on lower elevation ungulate winter rangsounted drill rigs, geo-phone trucks, survey
(Green 1994, Mattson 1997, Green et al. 199Bombardiers, snow machines, support trains),
Various studies have indicated that live  and sounds of shock waves associated with the
ungulates are used as food when they are ma$ttonation of about 85 pounds of dynamite at
available and vulnerable, as weakened animadgpproximately 100 feet below the surface.
during the spring (Henry and Mattson 1988, Detonations conducted within a range of
Green et al. 1997), as calves during May and0.8 to 1.2 miles of the bears did not cause them
June (Gunther and Renkin 1990), or as weakto leave the den. However, movements within
ened bulls during the fall rut (Schleyer 1983). dens were sometimes detected following blasts
A few grizzlies have learned to kill adult elk (Reynolds et al. 1984). When seismic vehicles
during the summer (Servheen and Knight  passed within 5/8 mile of the den, the bear’s
1993). heart rate was elevated much more often than
Another high-energy diet item for Yellow- when undisturbed (Reynolds et al. 1984).
stone grizzly bears following den emergence Gircumstantial evidence indicated that an
whitebark pine seeds. Whitebark pine seeds unmarked bear left its den when seismic
are an energy-rich bear food typically found aactivity was within 650 feet of the den, but
higher elevation forest stands during the fall tractors and tracked vehicles came within 325
(Mattson and Reinhart 1994). However, afterfaet of a denned female with 3 yearlings
high whitebark pine cone crop, cones will without causing den abandonment. Mid-winter
remain available during the following spring. over-flights of dens with small fixed-wing
As a result, bears will forage in these higher- aircraft did not change the heart rates of two
elevation habitats, apparently preferring this females denning with young; however, flights
food item to carrion (Mattson 1997, Green  conducted closer to the time of den emergence

et al. 1997). did change the heart rates of bears. The au-
thors concluded that even if animals did re-
HumAN ACTIVITIES spond to noises associated with seismic explo-

ration activities, effects on them were probably
minimal at these distances and at this level of
activity (Reynolds et al. 1984). None of the

Judd et al. (1986) acknowledged that a
deficiency in their investigation of grizzly bear

gler_mrllr:g ac_ﬂw:jy In tt?]e GYA vvtasftrr]]e lack C;f radio-collared bears deserted dens, and there
INSIgnts gained on the impact ol NUMans 1o a5 g evidence of mortality.

bears during this period in their lives. The den Other research shows varying effects of

f\'tes they;nvltets_tlgate(?c mere remote(:'f:rc])m human use on hibernating bears. Harding and
umans ? a‘t 'tmezg etyae_:ar_, an ere Wa?\lagy (1980) documented grizzlies successfully
no (g)por ?Pr: ny a ¢ rctje_ss thlstlz.sg?j' | with denning on Richards Island, Northwest Territo-
. ne_ of the few stu |es_ atdid deal wi ., ries, in the general area of hydrocarbon mining
this topic was conducted in Alaska. It consid- ctivity. Of the 35 dens they located, 28 were
ered the impgct Of. winter seismi<_: Surveys arl({j\l/ithin the potential impact area, incIL,Jding
small fixed-wing aircraft on dennl_ng grizzly several within one to four miles of active mine
bears (Reynolds et al. 1984). Grizzly bears areas. However, Goodrich and Berger (1994)

Esedtln thet study _\alere _radllo-ctol(;arlid tor T.a? demonstrated that black bears abandoned den
cart-rate fransmitiers implanted. Fotentia ?ites in response to disturbance.

sources of disturbance included the sounds o
aircraft, sounds of operating vehicles (track-



ErFFecTtsorF WINTER RecreaTIONON WiLDLIFE 41

Reynolds and Hechtel (1980) speculated ning, (2) denning, and (3) post-den emergence.
that agitation within the den could have seriolBecause of this, it is important to address a
consequences for females with newborn cubdonger time frame than the traditional winter
Watts and Jonkel (1989) supported this idea months. For example, the pre- and post-
and added that the ability of bears to reduce denning periods for bears overlap the fall and
energy output in the winter may be a functionspring seasons, respectively. Therefore, it is
of the secure den environment. In addition, reasonable to consider the pre- and post-
human disturbance during denning could denning time for bears as biological events
accelerate starvation and has resulted in den instead of restricting an analysis of effects to
abandonment. They concluded that poor calendar dates.
guality den sites and adverse weather could By the nature of how some recreational
elevate metabolic rates and increase energy facilities are managed, winter visitor use
demands. Also, Geist (1978) discussed the generates effects on grizzly bears in the fall
implications of energy expenditure for animalsand spring that would otherwise not occur.
and noted that when they are excited, the  The existence of winter-use facilities and
energetic costs from increased metabolism amidograms likely encourage additional public
heart rate can be significant. Presumably, thigisitation in the shoulder seasons. Winter
would hold true for bears in a den. recreational effects on bears are thus contin-

By their nature, dens represent locations gent on when and where facilities open in the
where bears concentrate activities. This raisesll and close in the spring.
the concern of bear—human conflicts around Destruction of den sites or denning habitat
dens. However, there are few documented does not appear to be a major issue in the GYA
cases of people being injured by bears in the at present or in the near future. Neither does
vicinity of den sites. Herrero (1985) concludedisturbing bears while they are preparing or
this type of behavior may be due, in part, to treccupying dens, although the possibility exists.
fact that dens are consistently in remote area3he main concern is the potential for bear—
less traveled by people. human conflicts and displacement of bears

To a greater extent, grizzly bears may be while they are foraging during the pre-denning
affected by human activity while foraging and post-emergence periods. Specifically, this
during the pre- and post-denning periods. Thivolves bears engaged in wide-ranging forag-
pre-denning and post-emergence periods areing efforts before denning, mainly near
critical times for bears. In the first time framewhitebark pine habitats. It also includes the
they are in an intense feeding mode to store fase of ungulate wintering areas by bears
for the winter, and in the second time frame seeking carrion after leaving dens, and, to a
they are in search of food after depleting theilesser degree, bears using over-wintered

reserves over the winter. whitebark pine seed crops at higher elevations.
Grizzly bears of the GYA may be affected
PotenTiAL EFFECTS by human winter recreation use of the follow-

) o ing Potential Opportunity Areas:
The literature indicates that bears can be g PP y

impacted by human activities in winter. There
are three stages in the annual cycle of the
grizzly bear when it is vulnerable to the im-
pacts of winter recreation use: (1) pre-den-

(1) Destination areas. Human activity at
destination areas has the potential to
negatively impact grizzly bears. This
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is primarily in the context of the pre-
and post-denning periods. For ex-
ample, spring surveys of grizzly bear
habitats have shown that bears gener-
ally used carcasses less often than
expected within 3 miles of a major
park development (Green et al. 1997).
Moreover, when bears come in
proximity to park developments,
more bear management actions and
subsequently more grizzly bear
removals occur (Mattson 1990,
Reinhart and Mattson 1990).

Winter destination areas are becom-
ing more popular. They include
major ski areas, resorts, developments
in Yellowstone National Park, and
park gateway communities. These
areas have been historic population
sinks for grizzly bears in the GYA
(Knight et al. 1988). The potential
for bear—human conflicts is high
when winter developments remain
open after bears emerge from hiber-
nation and are using spring habitats
(approximately March 15) (Green
et al. 1997). This is especially critical
when these developments occur in or
near areas where winter-killed ungu-
lates and over-wintered pine nut crops
may be found (Mattson et al. 1992).

In addition, bears will seek attracta-
nts around human developments in
the pre-denning period of hyperph-
agia when food is less available.
Frequently, the result is bear—human
conflicts. Mattson et al. (1992)
concluded there is a relationship
between the quality of the fall pine
nut crop and the number of conflicts
that occur. During years of wide-
spread pine nut use, grizzly bears are
seldom found in proximity to human
facilities. However, during years of

(2)

(4)

little or no pine nut use, areas near
human facilities (less than 3 miles
from roads and 5 miles from develop-
ments) were used intensively by
bears. Also, managers trapped nearly
six times as many bears and nearly
two times as many bears were killed
during years of low pine nut produc-
tion. Presumably, this was a conse-
guence of bears being nearer and in
more frequent contact with humans
while seeking alternate foods to
compensate for the lack of available
pine nuts.
Primary transportation routes and (3)
scenic driving routes. Year-round
roads will exist regardless of winter
recreation use. However, winter
recreational use management may
cause changes in the amount of traffic
a road receives. It may also be a
catalyst for creating new roads.
Winter vehicle use of year-round
roads during the denning period does
not pose a risk to bears. Bears and
traffic are spatially separated during
most of the winter, and bear behavior
seldom brings them into contact with
the road corridor. Bear attractants
along roads in the pre- and post-
denning periods do present a risk.
This could occur at roadside trash
collection sites or as deliberate
feeding of panhandling bears. An
additional concern is road-killed
animals (usually ungulates or ro-
dents) that may attract bears to the
roadside where they are vulnerable to
vehicle collision.
Groomed motorized routes and (5)
motorized routes. Snowmobile traffic
alone on highly and moderately
groomed routes does not present a
significant impact to bears during
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(6)

(7)

most of the winter months. This is
because of the predictability of
defined snowmobile corridors and
because most snowmobile use occurs
during the time that bears are in
hibernation. Conflict could occur
when snowmobile use coincides with
spring bear emergence and foraging.
The potential for bear—human con-
flicts in Yellowstone National Park
during the spring emergence is
exacerbated by the fact that park
roads are often located near thermal
areas where ungulates congregate in
the winter. The geothermally influ-
enced ungulate winter ranges in the
Firehole, Gibbon, and Norris areas
are good examples of locations where
the risk of bear—human conflict in the
spring is high.

Backcountry motorized areas. Most
use of ungroomed snowmobile areas
should not conflict with bear activity
because it coincides with bear hiber-
nation. Moreover, areas of
ungroomed snowmobile use typically
occur at elevations above bear spring
habitats. An exception is when over-
wintered whitebark pine crops are
available, and bears forage at high
elevations in the spring. Another
possible effect may occur because
most backcountry snowmobile use
occurs at higher elevations, where
most bear denning is found.

The potential for conflicts between
bears and recreational users does
exist when dispersed use occurs after
bear emergence (between March 1
and March 15).

Groomed nonmotorized routes.
Skiing along groomed routes does not
present a significant impact to bears :
during most of the winter months.

(8)

C)

This is because of the predictability

of defined ski corridors and the

timing of most skiing coincides with
bear hibernation. Conflict could
occur when skiing is at the same time
as bear foraging in the post-den
emergence period.

Nonmotorized routes. Skiing and
snowshoeing along ungroomed routes
does not present an impact to bears
during most of the winter months.
This is because of the timing of most
of this travel coincident with bear
hibernation. Conflict could occur
when travel coincides with bear
foraging in the post-den emergence
period.

Backcountry nonmotorized areas and
(10) downhill sliding. Backcountry
skiing, showshoeing, and downhill
sliding should not present an impact
to bears during most of the winter
months. Again, the potential for
bear—human conflicts may occur
during the late winter period after
bears emerge from hibernation. A
component of this is the risk of
human injury resulting from surprise
encounters in backcountry areas as
people disperse across the landscape
in a manner unpredictable to bears
(Herrero 1985). A unique expression
of this occurs in low-elevation ungu-
late winter range where people search
for dropped elk antlers. In this case,
people intentionally canvas all parts
of the terrain and concentrate on areas
where wintering and winter-killed elk
are found.

M ANAGEMENT GUIDELINES

(1) Destination areas. Early and mid-
December and early and mid-March should
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be used as a time for transition from a fall
to winter and winter to spring management
strategy, respectively. Appropriate actions
include closing facilities, restricting human
use in sensitive areas, improving sanitatiom,
and providing public education. Manage-
ment of developments should reflect
recognition of an increased potential each
spring for bear—human conflicts and dis-
placement of bears foraging within impor-
tant habitats.

On public land, developments can be
regulated, but it is more difficult to address
activities at developments on private land.e
In these cases, coordinated sanitation
programs involving private interests and
government organizations are needed to
remove attractants year-round, with a
special emphasis placed on securing attrac-
tants during the pre-denning period.

(2) Primary transportation routes and (3)
scenic driving routes. Good roadside
sanitation should be maintained. Signing
to inform motorists of the need to secure
attractants should be provided.

sodic and not an annual concern. There-
fore, travel restrictions should be addressed
based on yearly monitoring rather than as a
continuous restriction.

(7) Groomed nonmotorized routes. De-
pending on the observed risk, grooming
and use of these routes should end between
March 1 and March 15 in those areas
where bears would potentially be drawn to
forage. Sanitation procedures around
associated support facilities should be
strengthened and public education initiated
during the same time frame.

(8) Nonmotorized routes. Use should be
curtailed or restricted depending on the
observed risk between March 1 to March
15. Public education should be initiated
during the same time frame.

(9) Backcountry nonmotorized areas and
(20) downhill sliding. Use should be
curtailed or restricted depending on the
observed risk between March 1 to March
15. Public education should be initiated
during the same time frame.

Carcasses should be removed from the L 1TeraTURE CITED

roadside between March 1 to November
30. No new roads to accommodate winte
recreational use should be built in grizzly
bear habitat as more access would ulti-
mately result in more bear—human con-
flicts.

(4) Groomed motorized routes and (5)
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activity is high.
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Lynx: THEIR EcoLocy aNnD BioLocy AND How WINTER
REcCREATION EFFECTS THEM

PopuLATION StATUS Forest management practices and develop-
e ment of roads and human facilities may ad-
ynx (Lynx canadensid)istorically :
y versely affect lynx. However, the rarity and
occupied much of the northern ’ : . G
: . secretiveness of this species make its distribu-
portion of North America, but the . . : e
tion and habitat requirements difficult to

loss and degradation of their habitat and the .
unregulated hunting and trapping that accom_document (Ruediger 1994). The purpose of

. : this report is to review and synthesize current
panied European settlement reduced their | . .
RN ) literature on the effects of winter recreation on
numbers and distribution in the conterminous

United States (Jackson 1961, Ruediger 1994Jynx within the Greater Yellowstone Area
: o (GYA).

Today, remnant lynx populations persist in

some high-elevation boreal forests of the A D

western and Great Lakes states, tied chiefly tJHE BUNDANCE AND LJISTRIBUTION

the distribution and abundance of snowshoe OF LYNX IN YELLOWSTONE NATIONAL

hares (Lepus americanygKoehler and Aubrey PARK

1994). Although reliable information concerning

US!EV%/%QQ the U.S.dFishl_anth\lliIdIife Servicethe abundance and distribution of lynx is
( ) is expected to list the lynx as a lacking, historical information suggests that

threatened species under the authority of thethiS species was present but uncommon in

E_ndange_red Spec'?s Act (ESA)' The_llstlng Yellowstone National Park (YNP) from 1880
will culminate a series of actions that mcludeq0 1980. This condition also describes the

a petition by conservation groups to list the status of lynx in YNP today. Lynx were listed
species in 1992 and a series of court decisiorgmong animals that were present and seen by
The action will require development of a ._nhaturalists as early as the 1870s (Grinnell
recovery plan by the USFWS and also reqU|r91876’ Blackburn 1879). Consolo Murphy and

that actions taken by federal wildlife and land'Meagher (In Press) documented the presence
management agencies do not jeopardize the and distribution of lynx in YNP from 1893 to

spec?e_s’ We'fa'fe- Lynx are already treated as foos using sighting records, photographic
sgns_ltlve species by most fe_der_al and state records, and museum collections. They located
wildlife management agencies in the western ;. caum specimen of a female lynx, 34

United States. sighting reports (39 total lynx), 17 observations

Montana is the only state in the contiguouaf tracks, and 6 other forms of supportive
United States that still allows trapping of lynx'evidencéeé g, photographs). Lynx or their

There is currently a statewide quota of two sign were observed parkwide, but visual

lynx, with a limit of one per trapper per year. qqqnations were more Comr’non in the south-
Trapper harvest peaked at 60 in 1979 but wag, ., haif of the park and tracks were more
reduced to two lynx per year by legislation. ommon in the north. Most€50) sightings
Trapper effort has also declined in spite of hig d records of tracks occurred after 1930

lynx fur prices in the 1980s. lllegal and inci- Consolo Murphy and Meagher (In Press)

((jgirgdailngasr\gilé;%ég‘;ught to be negligible included a reference to a hide from an illegally
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trapped lynx that was confiscated by park 16 track transects (116 km) on the northern
rangers near Norris Geyser Basin (Harris winter range and vicinity from January to
1887). In addition to these records, 1 lynx waslarch 1993. Similarly, no lynx were found by
reported seen and 6 sets of lynx tracks were Gehman et al. (1994), who deployed 20 hair
found in 1887 by T. Hofer, a pioneering natu- snares (1,609 nights), 12 cameras (961 nights),
ralist and early visitor to the park (déeld and 31 track transects (200 km) from Decem-
and Streani887, April 7 to May 5 issugs ber 1993 to February 1994 on the northern
Hofer’s observations occurred Norris Geyser winter range and vicinity. Finally, Gehman
Basin (tracks), Lower and Midway Geyser  and Robinson (1998) did not detect lynx when
basins (tracks), Shoshone Lake (sighting), they deployed 4 cameras (4 sites; approx. 138
Alum Creek (tracks), and Canyon (tracks). nights) and 14 transects (80 total km) along the
Yellowstone Nature Notean in-house periodi- upper Gallatin River in YNP (see below for

cal of natural history observations made by their sighting of a probable lynx track 10 km
YNP personnel, also contains 5 records of  northwest of YNP).

direct observations of lynx (7 total animals)

spanning 1928 to 1958 that were not reported HE PRESENCE AND DISTRIBUTION OF

by Consolo Murphy and Meagher. More LvyNX IN THE GYA

recently, Halfpenny (unpublished data) identi- _

fied 1 set of lynx tracks near Snake Hot Museum, trapping, and other agency
Springs in February 197%rom 1995 to re_cords |nd|cate_ Iyr_lx distribution in the GYA
present, 5 sightings of lynx were reported in Prior to 1976 (Giddings et al. 1998; Fig. 1)
YNP, 3 on the northern range and 2 in the pamﬂh approximately 107, 6, and 8 occurrences

interior (K. A. Gunther, Yellowstone National ©f lynx in Wyoming, Montana, and Idaho,
Park, personal communication). respectively (our counts from Giddings et al.

Unfortunately, records of lynx sightings or 199_8), including 8 records for Grand Teton
their tracks carry caveats with regard to reli- National Park (GTNP). These records do not
ability. YNP records prior to 1980 typically include a lynx killed |n_1920 by ranger and his
contained insufficient information to determind0Unds in the Hellroaring Creek drainage
observer credibility and to estimate weather (Stévenson 1920). In the GYA from 1976 to
and lighting conditions. Consequently, 1993_, there are 122, 19, and 13 occurrences of
misidentified animals may be represented in lynx in Wyoming, Montana, and Idaho, respec-
the data. In particular, inexperienced observeféely, including four records in GTNP. Lynx

may easily confuse bobcats/fx rufug with ~ "€ports occur for the Absaroka, Beartooth,
lynx. Centennial, Gallatin, Gros Ventre, Madison,

Numerous researchers have attempted to 1€ton, Wind River, and Wyoming mountain
document the presence of rare carnivores in fanges as well as forested portions of eastern
YNP during this decade. Murphy (unpub- !daho (Giddings et al. 1998).
lished data) found no lynx sign while searching Laurion and Oakleaf (1998) surveyed 2,055
7,500 km of transect on the northern winter KM of roads and 2,400 km of backcountry
range and vicinity from the winters 1987-88 t§ails in 12 areas on the Shoshone (SNF) and
1991-92 incident to cougar studies. No lynx Bridger—Teton (BTNF) national forests in
were detected by Harter et al. (1993), who ~ Western Wyoming during winter 1997-98.
deployed 11 hair snares (387 trap nights) and-YNX tracks were |dent|f|§d in three locales
21 remote cameras (102 nights), and searchddour total track observations) on the SNF and
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one locale (two track observations) onthe  season. Females can breed at age ten months,
BTNF. In addition, D. Stevenson (1997) but usually do not until 22 months.

surveyed nine snow-covered transects 29 times Natural predators of lynx include coyotes
(269 total km) near Bridger Lake, BTNF, from(Canis latrans) wolves(Canis lupis)(Banfield
February to March 1997, but found no lynx  1974), cougaréFelis concolor)(Koehler et al.
sign. S. Patlas (Wyoming Game and Fish  1979), wolverinegGulo gulo) and lynx
Department, personal communication) sur- themselves (Elsey 1954). Lynx contract rabies
veyed a total of 169 km of transect at nine  and distemper, but these diseases do not sig-
locales in northern GTNP and vicinity but nificantly affect their population dynamics.
found no sign of lynx. However, citizen Dominant mortality factors are malnutrition
observers have recently seen lynx or their  and starvation of kittens (Brainerd 1985).
tracks near Big Piney, Kemmerer, Moose, andMalnutrition may dispose lynx to disease and
Dubois, in the Upper Greys River watershed, parasites (Quinn and Parker 1987).

Wyoming (Laurion and Oakleaf 1998).

An adult male and a female lynx were  SociaL ORGANIZATION AND SPACING
captured in the Wyoming Range near Merna, patterns
Wyoming in 1996-97 as part of a research _ _ o
project being conducted by Wyoming Game Lynx are solitary carnivores, remaining
and Fish Department (see Laurion and Oakle8Part except when mating. Mothers support
1998). A total of five to seven lynx resided ontheir altricial young without direct support of
the study area, including the radio-marked fathers. Spatial and temporal separation results
individuals. The radio-marked female pro- from social intolerance and mutual avoidance
duced four kittens during May 1998. that is accomplished through scent marking.

In Montana, Gehman and Robinson (1ggfzgxtersexual overlap for territories is high.
surveyed 12 snow-covered transects 39 timeduring lows in hare numbers, adults of the
(170 total km) and deployed cameras at 15 Same sex are mL_JtuaIIy h(_)stlle, maintaining
different sites in the Gallatin National Forest i§XClusive territories (Berrie 1973, Mech 1980).
1997-98. They identified a probable lynx In a Washington study, strong territoriality may

track in Buck Creek, a tributary of the Gallatinave resulted from a varied and relatively
River. stable prey base (Koehler 1990a). As hare

populations increase, social intolerance among
lynx breaks down, prompting increases in the
degree of range overlap (Slough and Mowat
The breeding season for lynx spans March 996). When hares are extremely scarce, lynx
to May. Kittens are born in May or June aftermay become nomadic or emigrate.
a 60- to 74-day gestation period. Young are Home range sizes differ by sex, prey
born without teeth, but with closed eyes, fO|dQ§’ensity, and other factors. Females typically
ears, and a well-developed pelage. Lynx wallkhave home ranges that are smaller than males,
by age 24-30 days and are weaned at 3-6  varying from 10-243 kf but normally 15-20
months. However, kittens may consume meakm? in size. Home ranges varied from 36—122
as part of their diet by an age of 30 days.  km2 for males in Montana (Koehler et al. 1979,
Kittens typically remain with their mothers Brainerd 1985). In Wyoming, a male’s range

until about age ten months, but the period of was 131 krhand a female’s was 137 km
maternal care may extend into the next mating

LirFe HisTORY
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(Laurion and Oakleaf 1998). In Alaska and tions apparently are more stable than those in
Canada, home ranges may exceed 40-80 kmCanada (Dolbeer and Clark 1975), possibly
when hare populations decrease. Large range®ing to greater diversity and stability in hare
may indicate prey scarcity (Hatler 1988). predators and competitors and the absence of
Inverse relationships between hare numbers adequate habitat during periods of hare lows.
and the size of lynx ranges are documented Snow-tracking surveys for hares in Montana
(Brand et al. 1976, Ward and Krebs 1985, showed a three-fold change in numbers of hare
Poole 1993). Home ranges may be abandonédcks from 1990 to 1998; lynx tracks varied
at a threshold of low hare densities, promptingight-fold (Giddings et al. 1998). Conse-
lynx to turn nomadic (Ward 1985, Ward and quently, dramatic differences in reproduction,
Krebs 1985). The relatively large sizes of lynkabitat use, prey selection, dispersal, and
home ranges in the Rocky Mountains suggestailnerability may exist between lynx popula-
that the availability of snowshoe hares is low. tions in Canada and the conterminous U.S.
Lynx typically achieve densities of one per  When hare populations crash, lynx may
15-25 km. In Washington, density was one emigrate great distances, potentially making
per 40 km (Koehler 1990a). Home range sizeseks from Canada to the GYA. Dramatic
and densities of lynx exhibit regional and locaincreases in lynx numbers occurred in western
variation that depend on topography and foodViontana following peaks in the Canadian
availability. When hare populations are low, population during 1962—63 and 1971-72
lynx may concentrate in pockets of high hare (Hoffmann et al. 1969, Koehler and Aubrey
density, leading to density estimates that are 1994). Following the hare crash of the early
not representative for landscapes at a broad 1970s, lynx populations apparently increased

scale (Koehler and Aubrey 1994). in Wyoming as suggested by the high trapper
harvest in the Wyoming Range (Laurion and
PopuLaTiON DyYNAMICS Oakleaf 1998). Immigrating lynx have large

home ranges and little reproductive success.

iated with b | f t habitats. Thei hen hares are scarce, lynx may also concen-
associated with boreal forest habitats. Their ..o iy small areas making them vulnerable to

populatior_u dynamics are characterized by IOV\human-caused mortality (Koehler and Aubrey
reprodu_ctlve rates_ and are strongly related to 1994). Consequently, rapid declines in popula-
population dyn_amlcs O.f snowshoe hare, a tions occur. For example, Minnesota trappers
keystone species thatis the primary prey of . oqted 215 lynx in 1972, 691 in 1973, 88 in
lynx. In Canada, lynx populatlon_s fluctugte 1974, and 0 in 1975 (Mech 1980). Recovery
roughly on a ten-year cycle, lagging behind Afrom trapping exploitation may be slow when

similar cycle for snowshoe hares (Elton and -
tl L kleaf
Nicholson 1942, Keith 1963). While hare Ii/ngs?re atlow numbers (Laurion and Oaklea

densities may change 200-fold, those of lynx Lynx are characterized by fluctuating

tcr?atnlge only ubp to Zo'ffldd tOne expllanattljon I?eproductlve rates that are driven by food
atlynxnumbers are ied to a poorly Under- . iation. Females may not reproduce at all
stood interaction between hares and vegetati %’ring food shortages. In Montana, pregnancy

with regional synchrony tied to weather eﬁea?ates of adult females reached 90 percent, but

Cycles may be muted or absent near the declined to 33 percent when food was scarce

southern limits of the lynx’s distributioné., (Glddlngs 1994). Litters of adult females
in the conterminous U.S.), where hare popula-

Lynx generally occur at low density and ar
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averaged 3.2 kittens and those of yearlings Lynx take a variety of mammals when
averaged 1.7 (Brainerd 1985) or 2.7 (Giddingsares are scarce, but only hares support high
1994). In the GYA, one female had four population densities of lynx (Koehler 1990b).
kittens (Laurion and Oakleaf 1998). In gen- Kill rates average about two hares per three
eral, population dynamics of lynx are affecteddays, but rates vary with prey density. Food
more by failure to produce litters than the sizeconsumption may be 37 percent lower when
of litters. hares are scarce (Brand et al. 1976). Food
Food availability directly correlates with  caching has been reported, particularly when
the survival of young lynx. Few kittens sur- prey is scarce.
vive when food is scarce, with the result that
recruitment of offspring to the breeding popu-HABITAT REQUIREMENTS
lation is low to non-existent (Koehler 1990a).
In the Wyoming Range, Laurion and Oakleaf
(1998) found that few kittens survived throug
the summer.

In Wyoming, lynx occur primarily in
hspruce-fir and lodgepole pine forests that slope
at 8-12%t elevations between 2,437 and 2,937
. : m. For denning, lynx often select mature
Lynx may disperse long distances from
ynx may disp gcl stands (250 years or older) of Engelmann

their natal area. Dispersal distances for fe- X : SO
males range from 103-250 km and from 164->Pruce Ricea engelmanjyisubalpine fir fbies

1,100 km for males (Slough and Mowat 1996 _ifolia), and lodgepole pind(nus contorta_
One female from Montana moved 325 km to " north or northeast_ slo_pes 6_1nd prefer sites
British Columbia (Brainerd 1985). PreviouslyIarger than 30 acres in size with more than 80
territorial adults may become transient if preydowned logs (>20 inches diam.) per acre on
bases become reduced. Most dispersers arenorth orr(]e as:] aspects. OId-growtlhf_spru_c el
young animals in search of unoccupied territolCTEStS that have escap_ed natural fires in and-
fies. scapes that are otherwise dominated by lodge-
pole pine also provide ideal denning habitat.
Denning habitat is enhanced if forest parcels
contain numerous alternate den sites and/or
Snowshoe hares constitute the main portidhey are connected to other denning habitats
of the lynx’s diet, about 60 percent in winter (Koehler and Aubrey 1994, Tanimoto 1998).
and 40 percent in summer. Other prey includ®ens are often located in hollow logs or in
squirrels Tamiasciurus hudsonicysvoles brush piles, particularly where surrounded by
(Clethrionomysspp. andMlicrotusspp.), mice  dense thickets. Downed logs 40-50 m in
(Peromyscuspp.), grouseBonasaspp. and length provide escape cover for young kittens
Dendragapuspp.), ptarmigafLagopusspp.), (Koehler 1990a, Koehler and Brittell 1990).
and other birds. While not important predatorSecurity cover is also necessary for diurnal rest
of ungulates, lynx occasionally may kill adult areas used by adults and kittens that no longer
deer Qdocoileusspp.) and moosé\(ces alces use dens. Diurnal bed sites frequently occur in
in poor physical condition or when snow thickets near game trails.
conditions are favorable for predation or when Lynx are specialized predators that hunt in
ungulate offspring are available. Although habitats preferred by snowshoe hares. Hares
chiefly an obligate predator, lynx will scavengeequire densely stocked stands of deciduous
carcasses and eat vegetation. shrubs or young conifers.g, lodgepole pine

Foob HaBITS
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<2.5 cm dbh) (Koehler and Brittel 1990) for Lynx denning and hunting habitat must be
forage, escapes routes, and thermal cover. connected by corridors providing cover for
Hare abundance is positively correlated with travel. Corridors used by lynx include tops of
the density of cover at 1-3 m above ground oridges and riparian zones with more than 30
snow. Hare food is typically woody browse percent canopy cover provided by subalpine fir,
smaller than 4 mm in diameter that is less thaspruce, and lodgepole pine. Corridors should
60 cm above the ground or snow. Stands thabe at least 100 m in width and contain at least
reach densities of 16,000 stems per ha are id88D stems per acre (Ruediger 1994). Lynx will
(Keith et al. 1984). The structural attributes otross narrower openings but will rarely hunt in
vegetation needed by hares can be achieved ihem.
less than 20 years of growth and serial succes- On a landscape scale, lynx habitat includes
sion in the moist forests of Oregon and Wash-a mosaic of early seral stages that support
ington. However, these conditions may not benowshoe hare populations and late seral
achieved for 80 years or longer in the GYA. stages of dense old growth forest that is not
Hares require a diversity of food items,  heavily fragmented by logging, roads, reser-
foraging on birchBetulasp.), poplarRopulus voirs, train tracks, or other developments.
sp.), willow Salixsp.), and conifers. Pines areConnectivity between lynx populations is
preferred to spruce, and spruce is preferred taritical. Dispersal corridors should be several
fir. Because the nutrient content and palatabifniles wide with only narrow gaps. Large
ity of forage decreases with increasing stem tracts of continuous coniferous forest are the
diameter, hares must browse selectively, most desirable for lynx travel and dispersal
consuming about 300 g per day, and cannot (Tanimoto 1998).
compensate for low food quality by increasing
their consumption. Aspef®.(tremuloidel I NTERSPECIFIC INTERACTIONS
stands and forest edges, as well as open grass
meadows and edges with forests, may also

rt high numbers of har nd lynx. At
support high numbers of hares and lynx hares and small mammals. Bobcat home

the southern extent of lynx range, Colorado tten exhibit elevational ration
lynx were found near upper treeline in mature &19€s Often exnibit elevational separatio

spruce-fir habitats where the forest and tundr£rom those of lynx, which are better adapted to

edges provided food for hares (Halfpenny am{ieep Snow. Bobca_ts are thought to d'Sp"’%‘CG

Miller 1981; Halfpenny and Thompson 1987; ynx where both felld_s are |ocally gympatrlc.

Thompson and Halfpenny 1989, 1991). queyer, lynx occasionally may kill bobcats
Hares feed on buds, young branches, and(G'dd'ngS etal. 1998).

tips of older trees. Forage must be above the

snow (hares do not excavate), but not out of =FFECTS OF WINTER RECREATION ON

reach. Heavy snowfall may bend small trees,L YNX

increasing forage for hares (Koehler et al.

1979, Koehler 1990b, Koehler and Brittell

Lynx may compete with canids, other
felids, mustelids, and raptors for snowshoe

Winter recreation has cultural, economic,
and social aspects that may affect lynx both
1990). Deer, elk, and moose often reduce  gjractly and indirectly. With respect to winter
browse available to hares at ground level,  yocreation, direct effects are those that change
particularly where wintering ungulates concenpe syrvival of individuals. Losses resulting
trate in or near habitats used by hares (Olsonggm lynx trapping, non-target trapping, or
1957; Telfer 1972, 1974).
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accidental death®(g, hit by cars) are ex- (n=1) or illegally trappedr=2). Easy access
amples of direct effects. Losses or degradatiaa lynx habitat is particularly detrimental when
of habitat through habitat destruction or disturpelt prices are high or recruitment of young
bance are examples of indirect effects. Be- lynx to the breeding population is low (Koehler
cause both direct and indirect effects influencand Aubrey 1994).

vital rates €.g, natality and survival), they No road-killed lynx have been documented
may strongly influence the viability of lynx  in the GYA, but losses of coyotes, wolves,
populations. cougars, and black and grizzly bears are well

Because of the secretive nature of lynx andocumented (Caslick and Caslick 1997,
their habit of using deep-forest habitats, few Gunther et al. 1998). During an attempted
ecological studies of lynx exist, let alone restoration of lynx in New York, 22 percent of
research on the effects of winter recreation. introduced animals were killed by automobiles
However, the paucity of data should not be (Brocke et al. 1992, Weaver 1993).
construed as evidence that winter recreation Lynx behavior may predispose them to

has no adverse effects on this species. collisions with vehicles, especially when
emigrating, hunting, or travelling (Weaver
DIrRecT EFFECTS 1993). Road edges and train tracks support

Trapping seasons may significantly reducexposed forbs, grasses, and shrubs during
the viability of lynx populations, particularly if winter; these locations are suited to foraging
lynx are few and/or key breeding individuals snowshoe hares, mice, voles, and other small
are removed. Currently, Montana is the only mammals. Consequently, these sites are also
state in which lynx may be legally trapped, buéxcellent hunting areas for lynx (Koehler and
very few are taken in the Montana portion of Aubrey 1994). During winter, lynx frequently
the GYA. In all states of the Yellowstone travel along roads where adequate cover is
ecosystem, lynx may also be killed incidentallgvailable on both shoulders (Koehler and
by bobcat trappers and hunters that are unablubrey 1994).
to distinguish the two felids when observed
directly (Todd 1985, Bailey et al. 1986, INDIRECT EFFECTS
Koehler and Aubrey 1994, Giddings et al. Humans alter the structure, biotic composi-
1998). In addition, houndsmen may chase tion, and arrangement of habitat components
lynx with their dogs after mistaking lynx trackghat are essential to lynx. Winter recreation
for those of bobcats or cougar. and its associated infrastructure reduces the

Roads and snowmobile trails are an imporamount of suitable habitat available to lynx and
tant aspect of winter recreation because theyreduces the effectiveness of pristine habitat
provide people with their principal access to because human disturbance causes lynx to
wildlands. The type, density, and distribution avoid habitats that are otherwise suitable.
of roads and trails in lynx habitat affect the Habitat Destruction.-Bevelopment of
probability that trappers will locate lynx tracksresort and other destination infrastructure for
and legally take them in traps. Roads also winter recreationists destroys and fragments
affect the rate at which lynx are killed, incidenlynx habitat. Human populations in the ten
tally by trappers and/or illegally by hunters or counties comprising the GYE increased 7.4
houndsmen. Thompson (1987) noted that allpercent from 1980 to 1990, while the number
known lynx sightings on Vail Mountain Ski  of households increased 8.4 percent (Feigley
Area, Colorado, were animals that were shot 1993). Although only a fraction of this devel-



56 L ynx

opment occurred in habitats potentially used lagsociated with human traffic, thereby reducing
lynx, road and housing development in ex-  habitat security for lynx (Halfpenny and Miller
panding recreation-based communities such 4981; Thompson 1987; Halfpenny and Thomp-
West Yellowstone and Big Sky, Montana, and son 1987; Thompson and Halfpenny 1989,

Old Faithful, Wyoming, could represent a 1991; Halfpenny 1991). Development of
significant cumulative loss of lynx habitat. In winter ski areas may also increase disturbance
addition, the highways and improved roads that lynx in the off-season, as recreational use
connect these communities also represent and maintenance activity will occur year-
habitat losses because the improved surface,round.

particularly for wide roads (>15 m), is essen- Snowmobiling may be particularly adverse
tially unusable by lynx except for aforemen- to lynx because: (1) this activity occurs when
tioned opportunities to travel or hunt along thenimals are frequently in poor condition due to

road shoulder. the stresses of winter (Anderson 1995); (2) this
Loss of Habitat Effectiveness Resulting activity may be dispersed on the landscape
From Disturbance.-Human disturbance (i.e., not confined to roads) on national forest

associated with recreational infrastructure andands outside of wilderness areas; (3) it may
roads can reduce the effectiveness of habitat atcur at night when lynx are usually active; (4)
supporting lynx, even if habitat is otherwise ofit is frequently accompanied by human distur-
high quality. Losses of habitat effectiveness bance and habitat loss associated with recre-
can be adverse because disturbances preclu@gional infrastructure; and (5) this activity may
lynx from using habitat in an optimal manner. alter the density and distribution of snowshoe
Lynx and other wildlife may avoid develop- hares, a favored prey item. In Ontario, Canada,
ments and roads because of the association snowmobile activity altered the mobility,
with humans, particularly if they are unfamiliadistribution, and movements of hares (Neuman
with the sights, sounds, and smells that accorand Merriam 1972). Road plowing, grooming,
pany human activity (Gutzwiller 1995). and construction activities that support
The paucity of studies makes it difficult to snowmobilers may also significantly reduce
assess the magnitude of disturbance and  the effectiveness of winter lynx habitats. In
displacement associated with winter recreatiothis regard, road density and the level of
Year-round, ungulates that are not habituatedaotomobile use are important considerations
humans adjust their distribution and activity because they affect the frequency and intensity
patterns to avoid human activity (Lyon 1979, of disturbance.
Aune 1981, Rost and Bailey 1979, Edge et al.  Disturbance, however, does not necessarily
1985, Kufeld et al. 1988, Cassirer et al. 1992 lead to a continued reduction in habitat effec-
Caslick and Caslick 1997). Displacement, tiveness for lynx. With repeated exposure to
including den abandonment, is documented fbluman activity that is predictable in time and
black bearsrsus americanysand grizzly space, lynx may adapt behaviorally or physi-
bears (. arctog (Jonkel 1980, Goodrich and ologically (Bowles 1995). Lynx visited
Berger 1994). Geneva Basin and Vail Ski areas in Colorado at
The search for cross-country and downhillnight to scavenge at garbage dumps
skiing opportunities leads recreational skiers {®alfpenny et al. 1982; Thompson 1987;
prime lynx habitat. Downhill and cross- Thompson and Halfpenny 1989, 1991). Lynx
country ski development destroys and frag- also used ski runs at Vail from adjacent non-
ments lynx habitat and increases disturbancedeveloped habitat, despite night grooming
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operations (Thompson and Halfpenny 1989, ductive threshold, leading to population de-
1991). Lynx also visited a night-active winter clines and extirpation of local populations. As
construction camp on the Frying Pan River inpreviously mentioned, female lynx fail to
Colorado, presumably scrounging for garbageroduce litters or have reduced litter sizes

(J. Halfpenny, unpublished data). during periods of food limitation. Kittens may
Non-motorized recreational activities, suctalso frequently die of malnutrition during
as backcountry cross-country skiing or winter due to the stresses incurred during this

snowshoeing, may affect lynx, particularly  season. Thus, reduced recruitment of breeding
because the disturbance associated with thesadividuals during periods of hare shortages
activities is often dispersed and unpredictablecontributes directly to dramatic declines in
to mammals. Surprisingly, disturbance by  lynx populations. Disturbance of wintering
people may have a greater negative effect thdgnx may cause them to expend energy beyond
motorized vehicles on established roadways their caloric intake, decreasing natality and
because mammals habituate more quickly to increasing mortality. When a disturbance
mechanical noise than to noises of humans occurs over a large area, Anderson (1995)
(Schultz and Bailey 1978, Aune 1981, Cassirauggests animal populations could be extir-
et al. 1992, Gabrielsen and Smith 1995). pated in a single winter. Thereafter, food
Laughing and yelling can arouse responses ofimitation and human disturbance may delay
mammals at greater distances than snowmolbsleccessful recolonization of the area.
noise (Bowles 1995).

The cumulative impacts of dispersed wintd] ANAGEMENT GUIDELINES
recreation must also be considered. For ex- . .
ample, the adverse effects of motorized recre- L_y_nx are very specialized caniores, -
ation in one habitat may be additive to adversg d4!"nng snowshoe hares as part of their diet

effects of housing infrastructure elsewhere in aBnd maturef ::honlfer-flr f_orests ior ldennlng. ¢
an ecosystem. Consequently, the potential ecause of these requirements, fynx are poten-

effects of all recreational activity should be tlall_y_a_lffected by anw-based recreatl_onal
considered together in cases where a single activities that occur in cold forest habitats.
lynx population or a lynx metapopulation is Wlnter_recreatlon at Potential Opportunlty_
present. In Colorado, the development of thr eas in the GYA may affect lynx as described

potential ski areas (Wolf Creek Pass, Wolf elow.
Creek, and East Fork of the San Juan) in lynx
habitat could have resulted in habitat destruc-
tion and alteration at each site, as well as
reduced habitat suitability within the triangle
among ski areas because of increased access
and habitat size reduction (Halfpenny 1991).
One other relationship between winter
recreation and lynx deserves consideration:
the cumulative effect of human activity on the
survival of lynx and their population viability
during periods when hare populations are low.
Stresses associated with winter recreation
might force lynx across a mortality or repro-

(1) Destination areagduman activity at
destination areas has the potential to
affect lynx, as this species both uses
and avoids habitats near human
facilities (Halfpenny et al. 1982).
Displacement of lynx from winter
habitat is an important management
concern. Use of ski areas, other
resorts, and communities is increas-
ing in the GYA. New developments,
or significant increases in existing
developments, destroy at least some
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(2)

(4)

lynx habitat and may cause lynx to
increase avoidance of habitats that are
immediately peripheral to these sites.
Downhill ski areas should be de-
signed to reduce impacts on lynx by
reducing habitat fragmentation and
providing security zones between
activity locations (Thompson 1987).
Lynx may also habituate to human
foods, potentially increasing manage-
ment problems and lynx mortality.
Proper garbage and food storage
would reduce unnatural attractants
and management actions.

Primary transportation routes and (3)
scenic driving routesRoads,

whether they are maintained or
unmaintained, provide recreational
access. Increased demand for winter
recreation may be a catalyst for
creating new roads. Roads may
increase lynx mortality due to trap-
ping pressure and collisions with
vehicles. The road density and traffic
volume may indirectly influence
levels of lynx mortality. Disturbance
associated with automobiles, snow-
mobiles, and recreationists may pose
a risk to denning lynx. More roads
may ultimately reduce habitat effec-
tiveness for lynx and increase habitat
fragmentation.

Groomed motorized routes. Snow-
mobile traffic may reduce the effec-
tiveness of lynx habitats that are
peripheral to groomed snowmobile
routes. Lynx and hares that use
habitats in the vicinity of roads may
be adversely stressed by disturbance.
Night use of roads may be more
detrimental than day use because lynx
are nocturnal and crepuscular. How-

(6)

(7)

(8)

9)

ever, lynx may show some habitua-
tion to snowmobile activity where it

is temporally and spatially consistent.
Restrictions on quantity and timing of
snowmobile travel could reduce
adverse effects on lynx.

Backcountry motorized areaSnow-
mobiles are frequently used in the
backcountry at high elevations, often
within or near lynx habitat. Because
this activity is highly obtrusive and
usually dispersed on the landscape, it
has a strong potential to displace lynx
from their winter haunts, increase
stress levels, and reduce the fitness
and viability of lynx populations
(Cole and Landres 1995).

Groomed nonmotorized routes.
Skiing on groomed routes may affect
lynx when the activity occurs at high
levels. Therefore, skiers should be
directed away from high-quality lynx
habitat, particularly where lynx are
already known to exist.
Nonmotorized routesSkiing and
snowshoeing along ungroomed routes
could affect lynx where people use
trails frequently. Typically, lynx will
not be frequently disturbed by these
activities because use of ungroomed
trails in the GYA, patrticularly in
deep-forest habitats, is still relatively
uncommon. However, forest manag-
ers may need to restrict access to
prime lynx habitat.

Backcountry nonmotorized areas.
Dispersed activities such as back-
country skiing, snowshoeing, and
camping have the potential to disturb
lynx, but these activities may not be
adverse because they occur at low
levels in the GYA.
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NEeEDS FOR M ANAGEMENT -RELATED Aune, K. E. 1981. Impact of winter recre-
M ONITORING AND RESEARCH ationists on wildlife in a portion of Yellow-
stone National Park, Wyoming. Thesis,
Managers should develop a GIS-based Montana State University, Bozeman,

inventory of snowshoe hare and lynx habitat.  \jontana. USA.

Aerial mapping efforts should be supplementaghjley, T. N., E. E. Bangs, M. F. Portner. 1986.
with ground-based work that includes density  apparent overexploited lynx population on
estimates of snowshoe hare derived from track the Kenai Peninsula, Alaska. Journal of
surveys and pellet counts. The effects of Wildlife Management 50:279—290.

winter recreation and associated off-season pganfield, A. W. F. 1974. The mammals of
activities should be assessed in the context of  canada. University Toronto Press,
cumulative effects at scales applicable to lynX  1oronto, Ontario, Canada.

populations and landscapes. Berrie, P. M. 1973. Ecology and status of the

Existing knowledge on the distribution, lynx in interior Alaska. The World’s Cats
abundance, demography, and habitat require-  1.4_41

ments is grossly inadequate to conserve lynxgjackburn, C. F. 1879. The wilderess at the

populations. A detection and monitoring head of the Missouri, Columbia, and
system for lynx should be developed using Colorado rivers. Scientific American
ground-based track surveysd, Halfpenny Supplement 8:2903—2904.

et al. 1995) or cheek-rub carpet patches (J. gowles, A. E. 1995. Responses of wildlife to
Weaver, personal communication; Turbak noise. Pages 109-186R. L. Knight and

1998). Surveys should be repeated systemati- g 3. Gutzwiller, editors. Wildlife and
cally over time to detect short-term and long- recreationists: coexistence through man-
term changes in the distribution and abundance agement and research. Island Press, Wash-
of lynx. _ _ ington, D.C., USA.,

The rarity of lynxin the GYA dictates @ Brajnerd, S. M. 1985. Reproductive ecology
conservative approach to managing lynx and 4 popcats and lynx in western Montana.

their habitat. Maintaining corridors for pos- Thesis, University of Montana, Missoula,

sible lynx (and other wildlife) migration from Montana, USA.

northern Montana or Canada would facilitate grand. C. J., L. B. Keith, and C. A. Fischer.

conservation of this species. 1976. Lynx responses to changing snow-
shoe hare densities in central Alberta.
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EFFecTs oF WINTER RECREATION ON MID-SizED CARNIVORES
(WOLVERINE , FISHER, MARTEN , LYNX , BOBCAT, RED FOX, AND WEASEL)

PoPuULATION STATUS AND TREND Martens Martes americanpare classified
olverines Gulo gulg are con as “indicator species” on the Beaverhead,
: . Bridger—Teton, Shoshone, and Gallatin na-
sidered scarce or rare in the : . : .
tional forests in the GYA. With appropriate

Greater Yellowstone Area management, the marten can be assured a
(GYA). The GYA probably has a small popu- healthy role in the GYA (Clark et al. 1989).

lation, but the actual status and range remain Specific information on the status and
uncertain (Clark et al. 1989). Although the . 9PeC . . :
) . . distribution of lynx Eelis lynx in the GYA is
U.S. Fish and Wildlife Service has concerns : : .
not available. It is possible that the few re-

about their population status as well as threats S : : .
to their long-term viability, the wolverine has ported sightings are of transient animals, but is

not been listed under the Endangered Specie[.snore probable that a small population persists

Act. The wolverine has been classified asa the GYA (Clark et al. 1989). The lynx has

protected species in Idaho since 1965. It is abeen proposed for listing under the Endangered

. ) . .Species Act. The lynx is a species of special
species of special concern in both Idaho (natlvéJncern in Idaho and Montana and a Priority 3

species that are either low in numbers, limited°"ee™M :
in distribution, or have suffered significant species in Wyoming (Clark et al. 1989). Re-

habitat loss) and Montana (species highlighte%Ion 4 of the US Forest Service lists it as a
I sensitive species.
for data acquisition and subsequent manage-

o o The bobcatKelis rufug and red fox
ment efforts) and a Priority 3 species in Wyo- :
ming (knowledge of this species is so limited (Vulpes vulpesare managed as furbearers in

that it cannot be adequately evaluated). The al t.hree states and may be hunted or.trapped
SR o : during the furbearer season. Populations are
wolverine is listed as a sensitive species by

Region 4 (Intermountain Region) of the U.S. considered stable. .
. 2 The weaselNlustela frenatiis an unpro-
Forest Service and as sensitive in Idaho by : o .
: ) . . 'Llected species, and little is known about its
Region 1 (Northern Region) (species for whic
. PR status.
population viability is a concern) (Clark et al.
1989).
Fishers Martes pennan}imay exist in
very low numbers within the portion of the  WoLveRINE
GYA that includes the northern half of Wyo- Wolverines remain active throughout the
ming, but they have been extirpated from the year, even during the most severe winter
Montana portions of the GYA, and they were weather. They inhabit the coniferous forest
never known to occur in the Idaho portion of zone, generally at higher elevations during the
the GYA (Clark et al. 1989). The fisherisa summer and mid- to lower elevations during
species of special concern in Idaho and Mon-winter. Lower elevation riparian areas may be
tana and a Priority 3 species in Wyoming.  important winter habitat. Wolverines generally
Region 4 of the U.S. Forest Service lists it as avoid large parks, meadows, and clearcuts.
sensitive species (Clark et al. 1989). Wolverines prefer to hunt around small mead-

LiFe HisTORY
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ows, timbered thickets, cliffs, riparian areas, MARTEN
and ecotonal areas (Clark et al. 1989, USFS Martens remain active throughout the year.
1991). They use a variety of forest types, but they are
Females den in late February to early most active in older stands of spruce-fir. In the
March. The female may move the kits severatentral Rockies, they are most often associated
times prior to weaning, which occurs when kit&ith old-growth forests in winter. They engage
are 9-10 weeks old. The offspring normally in more aboreal and subnivean activity than
remain near their natal area at reproductive other carnivores. They forage on mice and
maturation, establishing their home range neatoles, and, as the snow deepens, they switch to
that of their mother (Copeland 1996). pine squirrels and hares. They use meadows,
Idaho wolverines denned in high-elevationforest edges, and rock alpine areas. The young
subalpine cirque basins, locating the den are born mid-March to late April. The young
beneath the snow in the tunnels and chambere reared in dens, and the mother moves the
associated with big boulder talus. Boulder young among dens. The dens are important to
caves beneath deep snow likely provide a  recruitment and may represent a special habitat
stable thermal environment for the protection need (Clark et al. 1989, Ruggiero et al. 1994).
and rearing of kits. High-elevation subalpine
habitat provides seclusion and reduces vulnet- ynx
ability to kit predation prior to weaning. Lynx are generally found in the northern
Northeasterly aspects and glacial cirques boreal forest in association with snowshoe hare
provide persistent snow coverage and den habitat. Early successional forests with high
stability until the mid-May weaning period  densities of shrubs and seedlings are optimal

(Copeland 1996). habitat for hares and, consequently, important
for lynx as snowshoe hares are the major food
FisHER of the lynx. Hares normally make up 80

Fishers prefer extensive, continuous forespercent of the lynx diet, even more when
canopies such as those found in dense, lowlasiowshoe hare density is high. Lynx prefer
forests or mature to old-growth spruce-fir dense lodgepole pine forests for hunting
forests with high canopy closure. They remaianowshoe hares and higher elevation spruce-fir
active throughout the year. They appear to béorests for denning. Mature forest stands are
restricted to areas with relatively low snow  used for denning and cover for kittens as well
accumulations, and they travel along snowshass for travel corridors. Breeding occurs from
hare trails or their own previously made trails mid-March to early April. During this time
when snow is deep and fluffy. They avoid females seek out males by moving into male
open areas such as meadows, grasslands, artdrritories (Clark et al. 1989, USFS 1991).
clearcuts, and they may be limited by snow
depth. Brush piles and large diameter trees, Boecat, REp Fox, AND WEASEL
snags, and hollow logs provide critical denning This group of carnivores remains active
sites in winter. Females usually give birth in throughout the year. Bobcats use a wide
tree dens located in high cavities of large treegariety of habitats. They need cover to stalk
The breeding period is March through April  prey and avoid large open areas. Red foxes are
(Clark et al. 1989, USFS 1991, Ruggiero et alalso found in a variety of habitats, from heavily
1994, Heinemeyer and Jones 1994). forested areas to open meadows and brushy
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lowlands. Red foxes mate in late winter and PoTenTIAL EEFFecCTS
den in crevices, caves, or burrows. Long-tailed . :
Forest fragmentation as a result of timber

weasels are extremely solitary (except durin ) o X
y v ( P gharvest is a significant source of habitat loss

the mating period) and are voracious hunters. o .
9P ) pecifically for the fisher, marten, and lynx

Weasels often tunnel beneath the snow foIIovxfi .
ing prey when hunting during winter (Clark et al. 1989, USFS 1991, Ruggiero et al.

(Fitzgerald 1977). 1994_). Habitat loss could also result from
clearing routes for groomed snowmobile and
cross-country ski trails. However, routes in the
GYA are generally along existing roads and
Winter recreational activities such as trails, which were developed and are used for
snowmobiling, cross-country skiing, summer travel. Dispersed winter activities
backcountry skiing, and snowshoeing have thigypically occur within non-forested areas that
potential to affect wolverine, fisher, marten, require no clearing.
lynx, bobcat, red fox, and weasel. These mid- Trapping is the most direct way that hu-
sized carnivores have certain biological traits mans affect carnivore populations, and it can
that suggest vulnerability to human uses (in  be a significant source of mortality.
this case, recreational activities) specifically Overtrapping and accidental trapping of non-
during the stressful winter period. These target species are considered threats to this
include low population densities, low repro- group of animals. Highway accidents are
ductive rates, large home range sizes, secretigaother direct human effect on carnivores
behavior, and avoidance of humans. The honf€lark et al. 1989, USFS 1991, Ruggiero et al.
range sizes of some of the mid-sized carnivor&994).
require that they regularly cross snowmobile Mortality resulting from an accidental
and cross-country ski trails. collision with a snowmobile is possible, but the
Carnivore foraging behavior in forested probability is low. Intentional killing of carni-
areas may be disrupted along groomed trails vores by a snowmobiler is possible, but most
and other travel corridors. Displacement or likely it would only occur in rare, isolated
avoidance may occur due to noise of incidents.
snowmachines or to human presence. Snow- Winter stress combined with human distur-
mobile trails may facilitate travel for some  bance/harassment may cause increased mortal-
carnivores, but compaction of snow due to ity to wildlife. Most studies on this topic have
grooming or from snowmobile use off existingbeen conducted on ungulates, however.
roads or trails may adversely affect the Copeland (1996) found that human activities
subnivean habitat of prey species and, there- near wolverine dens during the denning and
fore, impact foraging opportunities for carni- kit-rearing period may cause den abandonment
vores. and displace wolverines into suboptimal
Existing marked and groomed snowmobileenning sites. This could result in lower
trails and the expansion of these trail systemgeproductive success and/or kit survival.
into new areas facilitates trapping of furbearers Natal dens are also important to recruit-
and may increase the accidental take of non- ment for other carnivores, including the fisher,
target carnivores. marten, and lynx. Minimal human disturbance

HumaN ACTIVITIES
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is an important feature when females choose they may move kits to suboptimal den sites,
den site. Fisher and lynx are likely to move tovhich may decrease reproductive success and
another den if disturbed. kit survival. In two cases, human disturbance
Snowmobile use has been shown to affecthear maternal dens resulted in den abandon-
snowshoe hare (an important prey species foment by females and kits (Copeland 1996).
some carnivores, particularly the lynx) and red Humans access on snowmobiles or all-
fox mobility (Schmid 1983). terrain vehicles in winter and early spring
Compaction of snowfields by snowmobilesould cause behavioral disturbances. This
alters the mild snow microenvironment, potendisturbance may impair kit survival if females
tially affecting organisms that live within or  use less secure den sites (Ruggiero et al. 1994).
beneath the snow by increasing temperature Other studies found that winter recreational
stress or restricting movement by compactingactivities affect denning. Nursery dens were
the air spaces between the snow and the abandoned by female and kits upon discovery
ground (Schmid 1983, Boyle and Sampson of human tracks. Human activity around dens
1985). Winter mortality of small mammals is in Finland and Norway resulted in den aban-
markedly increased under areas compacted lonment (Idaho Department of Fish and Game
snowmobiles. The reduction in population et al. 1995).
numbers of these small mammals could well
reduce the population of species preying upoffrisHeR

them (Bury 1978). Fitzgerald (1977) found Fishers appear to be tolerant of moderate
that the long-tailed weasel often tunnels be- degrees of human activity including low-
neath the snow when hunting during the density housing, farm roads, and small-scale

winter. Raine (1983) found that martens madiegging (Heinemeyer and Jones 1994). In New
less use of subnivean space when the snow Hampshire, the presence of human activity and
surface was crusted, probably because of  domestic animals appeared to have little effect
difficult access. on fisher movement (Heinemeyer and Jones

A significant effect on carnivores from 1994). Fishers in Maine tolerate a marked
winter recreational activities is displacement degree of human activity (Heinemeyer and
from or avoidance of high recreational use  Jones 1994). In Idaho, fishers were commonly
areasi(e., groomed trails, marked trails, observed in close proximity to occupied
destination areas, and play areas). Human usesidences. They rarely flushed from their
will increase where high recreational use areasost sites when researchers approached within
exist or are provided. As the associated recrea few feet. Females with kits may be more
ational use level increases, the impact on  sensitive to disturbance and may move their
carnivores also increases (Ruediger 1996). kits periodically to new dens (Heinemeyer and

Jones 1994).

WOLVERINE Other studies show that fishers generally

A study in Idaho found females sensitive tare more common where densities of humans
human activity near the maternal den. The are low and human disturbance is reduced.
subalpine cirque habitats selected by Idaho They are secretive, usually avoid humans, and
wolverines for denning are often preferred  seldom linger when they become aware of the
winter recreational sites for backcountry skiingresence of humans. The females use one to
and snowmobiling. If females are disturbed three dens and are more likely to move if
during the denning and kit-rearing periods, disturbed. Indirectly, human activities may
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lead to negative impacts on fishers through M ANAGEMENT GUIDELINES
increased human access to fisher populations

(USFS 1991, Ruggiero et al. 1994, Heinemeyer A literature search produced little informa-
and Jones 159 4) ' ’ tion on how winter recreational activities

impact carnivores; research on carnivores is
L yNX extremely expensive and is mostly non-existent
Human access into remote areas may havg! mid-sized carnivores. Blologls_ts, Iar!d
managers, and recreation specialists will

direct and indirect negative effects on lynx theref dt tice “adanti
populations. During winter and summer, lynx ere”ore n‘fee O practice ‘adap |ve; manage-
ent” and “professional judgement” when

travel along roadways, which may make the developing winter use or recreational manage
more vulnerable to human-caused mortality pIng teruse o ihag
ent plans until more information is available.

(Ruggiero et al. 1994). Lynx are believed to Existing winter trail tems/ol ; nd
susceptible to human-caused disturbances XIStNg winter trail systems/play areas a
the development of new trails or designation of

during the denning period, and it is believed | tcularl hould
that females will move kittens (thereby increag-ew play areas, particuiarly new areas, shou
e considered a negative impact on mid-sized

ing the chance for mortality) in response to ) 2" .
g ) P arnivores. To avoid impacts, public land

disturbance. Minimal human disturbance is aﬁ hould lud i | activit
important feature of the den site (Ruggiero managers should exclude recreational activities

et al. 1994, Idaho Department of Fish and from impqrtant areas that are used by cami-
Game et al. 1995). vores during the winter.

Lynx are specialized deep-snow predators, Copeland (1996) recommend_s that man-
an adaptation that permits them to live year- agement_exclu_de human recre_atlonal aCt'V!t'eS
round at high elevations, thereby minimizing within a five-mile buffer of predicted wolverine

competition during the physically stressful (Fjeennlng:_hablltattfrqtr_n Jan?q:jy 1tr:o Maty_3t1. d
winter months. Snowmobile or cross-country ecreational activities outside the restricte

ski trails allow lynx competitors to infiltrate time period should be managed for minimal

high-elevation habitats during winter, thereby intensity €.g, institute skier/snowmobile

increasing competition for a limited food quotas an<_j/0r weekend cI_o_sqres). .

supply (Idaho Department of Fish and Game Wolverines were specific in the S|t(_as they

et al. 1995). selected for natal and maternal dens in central
The mid-sized carnivores in the GYA are ldaho. For example:

particularly affected by human use of the

following Potential Opportunity Areas: * Dens were situated above 8,000 feet in

elevation. Although this elevational demar-
cation may vary throughout the wolverine’s
regional distribution, it is likely applicable
within the Targhee National Forest.

» Dens tended to be within a north-northeast
aspect range (between compass readings
greater than 320 degrees and less than 130
degrees).

* Dens selected had zero vegetative overstory
(bare-exposed rock cover type).

(2) Primary transportation routes

(3) Scenic driving routes

(4) Groomed motorized routes

(5) Motorized routes

(6) Backcountry motorized areas

(7) Groomed nonmotorized routes

(8) Nonmotorized routes

(9) Backcountry nonmotorized areas
(10) Downhill sliding (nonmotorized)
(12) Low-snow recreation areas
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» Den sites tended to be in the concave
physiographic landscape feature of a
glacial cirque.

Conserving wolverines may require large

refugia connected by adequate travel corridors.

Refugia provide core habitat for wolverine

Clark, T. W., A. H. Harvey, R. D. Dorn, D. L.

Genter, C. Groves. 1989. Rare, sensitive,
and threatened species of the Greater
Yellowstone Ecosystem. Northern Rockies
Conservation Cooperative, Montana Natu-
ral Heritage Program, The Nature Conser-
vancy, and Mountain West Environmental

populations. Security areas must be available Services.
to provide undisturbed seclusion for reproducCopeland, J. P. 1996. Biology of the wolver-
ing females. Federal land-use regulations need ine in central Idaho. Thesis, University of

to provide flexibility in administering

Idaho, Moscow, ldaho, USA.

backcountry winter recreational access and Fitzgerald, B. M. 1977. Weasel predation on a

management (Ruggiero et al. 1994, Idaho

Department of Fish and Game et al. 1995).
Providing protected areas within optimal

habitat in the western mountains may be

program is not recommended, but, rather, a
proactive effort that involves community
education and participation to protect lynx
(Idaho Department of Fish and Game et al.
1995).

professional judgement combined with com-
mon sense to conserve the mid-sized carni-
vores. When conflicts occur between winter

cyclic population of the montane vole
(Microtus montanusin California. Journal
of Animal Ecology 46:367-397.

Heinemeyer, K. S., and J. L. Jones. 1994.
important to the persistence of lynx (Ruggiero
et al. 1994). A strict, no-access management

Fisher biology and management in the
western United States: a literature review
and adaptive management strategy. North-
ern Region and Interagency Forest Carni-
vore Working Group, U.S. Forest Service,
Missoula, Montana, USA.

Idaho Department of Fish and Game, Nez
In many cases managers may have to use

Perce Tribe, and Sawtooth National Forest.
1995. Draft habitat conservation assess-
ments and strategies for forest carnivores in
Idaho.

recreational activities and protection of carni- Raine, R. M. 1983. Winter habitat use and

vores, managers should err on the side of the
carnivores. The winter period is a critical time

for survival because of the extremely harsh

weather conditions in the Greater Yellowstone

Area.
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ErFFecTts oF WINTER RECREATION ON MoOOSE

alceg corresponds to environments archeological sites in northwest Wyoming or

where snow is a dominant feature irsouth central Montana. He concluded that
the winter. Moose are anatomically and moose had not yet occupied northwest Wyo-
behaviorally suited for areas where winter ~ ming in 1830 (Houston 1968), but had colo-
conditions can be harsh. These are often thenized the Yellowstone area by the 1870s; they
same areas where humans pursue winter  appeared on Yellowstone’s northern range
recreational activities. Because of this, there @&ound 1913 (Houston 1982). Schullery and
a strong potential for some types of winter ~ Whittlesey (1992) reviewed the documentary

The distribution of mooseA(ces that moose remains have not been found in

recreation to affect moose. record for wolves and related wildlife species
in the Yellowstone National Park area prior to
PoruLATION StATUS AND TREND 1882. Based on historic accounts, they con-

cluded that moose were common in the south-
ern part of the park in 1882, and rare sightings

North America during historic as well as pre- . made near or on the northern range about
Columbian times (Peterson 1955, Kelsall andy, o same time

Telfer 1974, Kay 1997). However, since about Recent studies indicate a population de-

1900 moose appear to have extended their line following the 1988 Yellowstone fires in
range and/or become more numerous (Kelsal reas where fire effects were severe and in

andETe_Ifer ;974' Kay 1997)I' . e h areas where moose rely on older lodgepole
stlmagng Moose popu atl;?n slz€ nas pine forests for winter range (Tyers unpub-
proven to be a consistent problem in many  jispaq data, Tyers and Irby 1995). In response

arealls (Timmerrganln 1k97?, 1993; Gasqway to these data, Montana Fish, Wildlife and Parks
etal. 1986), and a lack of accurate estimates has significantly reduced hunting quotas in

has hampered good management (Gasaway districts north of Yellowstone National Park (T.

etal. 1986). Some attempts to determine Lemke, Montana Fish, Wildlife and Parks,

goose p\(()p”ulatlon stitus arédY;r\er;]d n tbhe personal communication). In portions of the
reater Yellowstone Area ( ) have been GYA where moose have different winter-use

equally problematic (Tyers unpublished data, patterns or where fire effects are not an issue,
Gasaway 1997), and a good count for this the trend may be different

region has r_IOt been achieved._ Although Several hypotheses have been proposed to
demographic data are not available at a Iargeexplain the biogeography of moose in western

landscape level, it is known that moose are North America. Kelsall and Telfer (1974)

uncommon c_o_mpared to qther ungulates in the.o sented five hypotheses to explain the rela-
GYA. In addition, populations are often at lo

tively recent expansion of moose. These

density. Inthese cwcumsta_nces, a conservat!lx{%lude: (1) moose have had a limited amount
approach to moose population management '3f time to colonize North America since the

advised (Tyers unpublished data, Gasaway last glaciation; (2) climatic variation—the

1997, Karns 1997). _Little Ice Age and associated severe winter

Some_ mforr_natlon on moose populations I%/eather limited moose populations around
the GYA is available. Houston (1982) reporte

Moose may have been rare in western
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1700-1800; (3) disease once limited moose As evidenced by the hypotheses for recent
numbers; (4) European settlement modified threoose range expansion explained above, future
original climax forests, which were poor trends in the GYA will be largely determined
moose habitat, and created seral vegetation by predation and habitat quality. Humans,
types that moose prefer; and (5) predators onbears, and wolves prey upon moose in the
limited moose, but the near extermination of GYA. The recent reintroduction of wolves is
native carnivores allowed moose to extend an important variable with unknown conse-
their range and expand their populations. guences. Some have speculated that wolves

Kay (1997) proposed a sixth hypothesis: will play a major role in regulating moose
moose were extremely vulnerable to predatiopopulations, and a decrease in moose numbers
by Native Americans who had no effective  will be noticed (Messier et al. 1995). The 1988
conservation practices. The result was a Yellowstone fires were a landscape-level
control of moose biogeography by native disturbance that affected the successional stage
hunting. of vegetation. This will undoubtedly be a

Loope and Gruell (1973) proposed a determining factor for moose populations in a
seventh hypothesis specific to the GYA: a velgrge spatial and temporal context. In many
low moose population during the'1@entury  parts of the GYA, a return to an early succes-
was the result of fires, which maintained earlysional stage represents a decrease in moose
successional vegetation. They speculated thatinter habitat that will reduce carrying capac-
moose populations have increased in this ity (Tyers unpublished data). Riparian areas
century in northwest Wyoming as forests havewith deciduous vegetation are important
matured under a management policy of fire foraging areas for moose. They are limited in
suppression. A primary factor in this, they  size and distribution and are particularly
believe, is an increase in subalpine fir, a shadedlnerable to human impacts. Management of
tolerant species found in older forests. They these areas will also play a role in determining
further hypothesized that subalpine fir is the moose population trends.
staple food item in the diets of moose in the
area. Tyers (unpublished data) tested this | |rFe HisTORY
hypothesis and demonstrated that moose along
the northern border of Yellowstone National
Park feed primarily on subalpine fir saplings i
older lodgepole forests.

Although the Shiras moose is a relatively
recent arrival to the GYA, available habitat is

now occupied. However, future population : ) . -
trends are uncertain. Habitat conditions produce either single or twin calves. Twinning

human influences, and exposure to predationvalrles widely across North A_merlca and may
vary considerably across the GYA. In additiorpe cor_relategl to habitat quality and carrying
the small home range size of moose and the capacity. Triplets have been reported but are

strong fidelity moose show to a geographic rare. Most cows produce a calf or calves each

area tend to create many fairly discrete populd< 2" Neonatal predation is common and can

tions. For these reasons, it is likely that local h? E:gh (S.CE;N?”Z 199?' _,tAveragl;e “;e sp8an 'S
populations will display very different trends. \ghly variable, generaily, It may be 7 or

Moose are seasonal breeders with the
rqnating season in the fall and calving in the
spring. Most cows ovulate for the first time
between 16 to 28 months of age, although
those in populations on poor range may not
breed until 40 months. Most cow moose
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years with a maximum age at possibly 20  and heat stress can lead to a reduction in

(Ballard and Van Ballenberg 1997). overall activity during warm periods. Ambient
air temperatures above 23° Fahrenheit in
HABITAT winter and above 57° Fahrenheit in summer

n be stressful and can cause moose to seek
oler areas. In a broader sense, problems
with thermal regulation restrict range expan-
sion into more temperate climates.

Telfer (1984) placed moose habitat in six
broad categories: boreal forests, mixed forest,
@:ge delta floodplains, tundra, subalpine

rub, and stream valleys. These may be
urther described as either permanent or transi-
tory in nature (Geist 1971, Peek 1997). Perma-
nent habitats are those that persist and do not
Succeed over time to a different pattern of
vegetation. For example, alluvial habitats are
dynamic in that flooding and streambed alter-
ation produce a constantly changing system,
but they are permanent in the sense that the
same type of vegetation is present after a
disturbance. Boreal forests are more transitory.
Fire can radically alter the vegetative composi-
; tion; a mature forest can be changed to a shrub
These are foods that are considered to be, community. The shrub community will even-

comparatively, of poor quality. In addition, tually be dominated by a forest that is vulner-
they are characterized as concentrate selecto $ile to a fire event just as the first one was

aBr?w%?JL;ISt: g}f gée';lgggg’fz'gg’t;hsynr/?\?u'r_? IargeThe pattern is cyclic, and each successional
u urvive. 1o stage is transitory to the next.

satisfy this need, they seek out concentrations Throughout much of their range, moose are

or paiches of biomass in the environment f(iund in transitory habitats. Specifically, they

v_vhere they can spend relatively long periods e closely linked to early seral stages where
time foraging. For example, moose seek out firub biomass is plentiful (Dryness 1973

select willow Galixspp.) that often offers IargeWittinger et al. 1977, Irwin and Peek 1979). In

;?3:2;5 gf f;rage bum]frt'ﬁ d_rt(?jgetther on the many areas, moose benefit from the removal of
traint Fih. ecatj_fe ? bi elr die faryfcon-_ the forest canopy (Taber 1966, Krefting 1974,
straints, the quantity ot blomass 1or foraging o541 and Telfer 1974, Leresche et al. 1974,

detir:; 'Taef' mgoge d_ensﬂfy.m . q Irwin 1975, Peek et al. 1976). Disturbances
tage in bor%ZI ro stlzi ? o_?]se '?tr?n a dvatnéuch as fire, logging (or other forms of me-

9 ) €glons for coping WIth predatos, , icq manipulation), disease, or wind events
and periods of extreme cold and deep snow

can create favorable moose habitat by remov-
(Renecker and Hudson 1986, 1989). Howevql;lg trees that compete for resources with

it also imposes limitations on activities.
e . L shrubs.
Moose have a difficult time dissipating heat,

As a generalization, the moose is an anim%i
of the boreal forests—the coniferous forests
that occur in a broad band across northern
North America and Eurasia. Boreal forests
also extend southward at higher elevations in
the mountains. The climate within this biome
is characterized by cold winters and short, mi
summers (Brewer 1994). Food and cover are;
the primary factors limiting geographic distri-
bution in the north (Kelsall and Telfer 1974),
and climate is the factor in the south (Reneke
and Hudson 1986). The most critical factor,
especially to the southern distribution of
moose, is temperature (heat) (Karns 1997).

Moose are browsers—herbivores that eat
primarily shrubs and trees (Peterson 1955,
Renecker and Schwartz 1997). Specifically,
they eat twigs and foliage high in cell-soluble
sugars that ferment readily in the rumen.
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However, it is also known that moose inches, and moose did not use areas where the
winter habitat-use patterns can be highly snow exceeded 42 to 48 inches, even when the
variable between regions and years (Peek  snow was soft. Kelsall (1969) reported moose
1974a), which reflects adaptive responses to were severely restricted by snow depths of 27.5
different environmental conditions. Peek to 35.5 inches. Kelsall and Prescott (1971)
(1974a) cautioned against making unequivoc&und that when snow depths reached 38
generalizations about moose winter habitat inches in New Brunswick moose where con-
selection and suggested that the amount of fined to areas with high forest canopies. Tyers
variability can make these descriptions mis- (unpublished data) demonstrated that moose on
leading. Included are statements about the rofellowstone’s northern range avoided snow
of transitory habitats, forest canopies, and se@pths greater than 31.5 to 43 inches and were
stages in moose habitat. He stated that this not found when snow exceeded 54.5 inches.
variability has special consequences to man-  Peek (1974a) reported on the variability in
agement because it is important to determinethe winter habitat used by moose in North
the forage species locally preferred by mooseAmerica. He reviewed 41 different reports: 13
and then favor those species through managdrom the Intermountain West; 6 from Alaska;
ment actions. and 22 from Canada, Minnesota, and Maine.

Snow conditions have an important influ- His review highlighted the variation and
ence on moose habitat-use patterns (Peek commonality in the diet and forest successional
1997). Conditions include temperature, den- stage used by moose. In another document
sity, hardness, and depth (Peek 1997), and (1974b) he focused on the Shiras moose. He
factors that affect the ability of moose to accegtentified five different types of winter habitat
browse (Peek 1971, Schladweiler 1973). Thefor the Shiras moose in the Intermountain
presence or absence of a forest canopy can West, an area that includes the GYA:
have a significant effect on snow conditions.

For example, moose often prefer open brush 1. Willow bottom/stream/conifer complex
fields for foraging where browse is abundant. occurring along high-gradient streams.
They have also been known to seek coniferoua Flood plain riparian community containing
forests when snow conditions impeded move-  extensive willow stands.

ments in open areas (des Mueles 1964, Kelsd@l Drainages where willow-bottom communi-
1969, Telfer 1984, Peek et al. 1976, Rolley and ties are very limited and are of little impor-

Keith 1980, Thompson and Vukelich 1981). tance to moose, but where conifer and
Travel in forests is often less energy demand-  aspen types are important, and the diet is
ing because tree branches ameliorate snow more varied than in areas where willow is
density, hardness, and depth through shading plentiful.

and intercepting falling snow. 4. Arid juniper hills.

Several studies have reported specific sndbv Willow communities that are important but
depth thresholds for moose. Snow depths of  are neither limited nor extensive. Moose
25.5 inches have been reported to affect habitat are forced from these areas by snow condi-
use and movements of moose (Kelsall 1969, tions into adjacent forested slopes where
Thompson and Vukelich 1981, Pierce and Peek subalpine fir stands support low-density
1984). In Quebec, des Mueles (1964) found moose populations in winter.
that moose shifted to more dense coniferous
areas when snow depth reached 30 to 34
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Studies conducted in the GYA portion of further example, Westworth et al. (1989) found
the Intermountain West accent the variability that moose in British Columbia were able to
of moose habitat use. The results generally fihabituate to disturbances associated with
into one of Peek’s (1974b) five categories, busurface mining, including vehicular traffic,
there are important differences in habitat use plant machinery, and blasting of ore reserves.
by moose in this area and the moose of otherPellet group densities, used as an index of
areas. For example, McDowell and Moy moose abundance, were highest on a transect
(1942) did a descriptive study of moose habitdtO0 yards from the open pit. This transect had
use in the Hellroaring/Slough Creek area norta particularly high density of browse leading
of Yellowstone National Park (Peek’s Type 5).the authors to concluded that moose distribu-
They noticed an early winter association of tion was influenced more by browse availabil-
moose and the limited willow areas, and thenity among different habitat types than by
move to adjacent conifer types, presumably irdisturbance associated with mining. Pellet
response to increasing snow depths. Harry groups also demonstrated moose activity as
(1957) and Houston (1968) documented use biose as 15 yards from the pit at sites where
moose of the extensive willow areas on the browse was present.
flood plains of Jackson Hole, Wyoming The response of moose to the mine in
(Peek’s Type 2). Stevens (1970) found Dou- British Columbia (Westworth et al. 1989) and
glas fir and aspen communities to be the key similar situations may be explained by a theory
winter range in the Gallatin Mountains (Peek'proposed by Geist (1971). He stated that if
Type 3). Tyers (unpublished data, Tyers and visual and acoustical stimuli are predictable in
Irby 1995) investigated moose habitat use onspace and time, the process of habituation by
Yellowstone’s northern range and documentewildlife is enhanced. Mine activity and some
moose using older lodgepole pine forests  forms of winter recreation can be predictable.
during the most difficult winter months where In contrast, panic responses may occur as a
they browsed almost exclusively on subalpineresult of any kind of abrupt unexpected intru-
fir saplings and seedlings (Peek’s Type 5).  sion (Busnel 1978).

Westworth et al. (1989) proposed that the
HumMmAN ACTIVITIES mine was actually an asset to moose. Moose in
the area are exposed to predation by wolves.
The mining activity displaced wolves, offering

that descrll_oe_) the eff_ect O.f various types of security to moose not available away from the
human activity on wintering moose. AIthoughmine site

se\éelflalbgttutdles address changtesdln mov?m?nts Rudd and Irwin (1985) investigated im-
and habitat use, none appear to demonstra epacts to wintering moose resulting from oil and

resulting demographic changes. . gas extraction and recreational activities in
Moose are thought to be comparat!\{ely western Wyoming. The number of shrub
tolerant of h_umans and to have_ the ability to species available in proximity to a plowed road
develop a _hlgh_level of ha_bltuatlon (Shank was the best predictor of moose presence or
1979). This is illustrated in several ways, bsence. Relative to people on snowshoes,

including flight distance. Moose unaccustomeads, or snowmobiles, trucks associated with

Loagiliﬂnaatlgz :anulal(%;lljsn rizguatllt?/vogs;;?oséfﬁés resource extraction caused the greatest distur-
o bance to moose. People on snowshoes or skis
to within 20 to 25 yards (Shank 1979). As a P

There are few examples in the literature
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caused more disturbances than snowmobilesof feeding. While this is occurring, they
The average distance 18 moose ran to escapmoved without obvious sign of stress toward
trucks was 16.9 yards, and the average distarmmer. Once cover was reached, they usually
at which moose where displaced was 169  looked directly at the source of the disturbance,
yards; 21 percent were displaced, and 48  often for the first time, and then ran. Until the
percent showed some type of disturbance = moose bolts, stress may not be obvious be-
behavior. The average distance 19 moose cause it is expressed in less noticeable physi-
moved away from people on snowshoes or skidogical responses, such as increased breathing
was 16.6 yards, and the average distance at and elimination rates.
which moose were displaced was 80.7 yards;  Reports dealing specifically with collisions
17 of the 19 moose moved to a different loca-between wintering moose and vehicles and
tion, and all showed signs of disturbance. Thé&ains are more common. Examples can be
average distance 242 moose ran to escape afound from most areas with important moose
snowmobile was 10.5 yards, and the averagepopulations. Because winter recreation fre-
distance at which moose were displaced by quently involves plowing roads and accessing
snowmobiles was 59.25 yards; 50 percent of recreation areas with motorized conveyance,
the encounters between moose and snowmo+he topic is relevant.
biles resulted in displacement while 94 percent Lavsund and Sandegren (1991) reviewed
showed some form of disturbance. Rudd andmoose/vehicle relations in Sweden and de-
Irwin (1985) recommended that winter recre- scribed the situation as a serious problem both
ational use and mine activity be restricted nean terms of human safety and mortality of
preferred moose winter range. moose. Risk was highest at dawn and dusk
Ferguson and Keith (1983) addressed theand higher at night than during the daytime. In
influence of nordic skiing on moose and elk irsouthern Sweden where winter snow accumu-
Elk Island National Park, Alberta. They foundlation is less important, collisions peak in early
that cross-country skiing influenced the genersimmer during calving and in autumn during
over-winter distribution of moose. Moose the rut. In northern Sweden, collisions peak
tended to move away from areas near heavilyduring December and January when snows
used trails more than lightly used trails duringinitiate moose migrations to lowland ranges
the ski season (January through March). Dailiwhere major roads are common. Various
movements away from trails occurred after thenethods were tried to reduce the number of
onset of skiing. However, once displacementmoose/vehicle collisions. Repellants in the
occurred, additional skiers did not generate aform of flashing lights, sounds, and scents
greater displacement. were not effective. The results of roadside
The flight behavior of moose is unusual clearing to improve visibility for drivers dem-
and often misinterpreted. Their reputation of onstrated a reduction that was no better than
being tolerant to humans may in part be be- what might have been arrived at by chance.
cause their stress response is more subtle thé&fforts to educate drivers on how to scan the
that of other ungulates. Shank (1979) reportedadside and anticipate risks did not seem to
a common response of moose to a disturbanahange driver behavior—good drivers were
was that they rarely reacted immediately and cautious, and bad drivers remained incautious.
overtly to disturbing stimuli unless that stimu- Neither road authorities nor drivers were
lus was very intense. Often, they continued interested in reducing the speed limit. Fencing
feeding and might even increase the intensity
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the roads was effective at reducing collisions Rudd and Irwin (1985) found that site
by 80 percent. features had some effect on how moose tried to
In Alaska, measures were taken to mitigatescape humans. When exiting roads freely,
moose/vehicle collisions along a stretch of moose selected areas with less steep slopes
highway that was improved (Child et al. 1991than random samples, especially slopes of less
A moose-proof fence, moose underpass, andthan 5 percent. In 83 percent of the cases,
highway lighting all were effective at signifi- moose exited at points where snow depth along
cantly reducing collisions. Collisions were the road was less than the average depth,
reduced 95 percent in the fenced portion of thathough this difference was not statistically
highway when compared to the previous significant. During forced exits, moose chose
decade before the highway was improved andglopes in proportion to what was available.
mitigation measures were put in place. The The average snow depth of the berm was
reduction in loss of moose allowed an increasggnificantly greater along the road than where
in hunter harvest. Child et al. (1991) estimatedioose exited under duress. The average
that approximately 10 percent of the annual canopy closure was significantly greater at
allowable harvest in the province of British  these exit spots than in random samples.
Columbia die as a result of collisions on Bubenik (1997) reported that mature,
highways and railways. The impact of this onhealthy moose stand their ground when con-
the demographics of the moose population isfronted by wolves, and inexperienced moose
unknown. generally run and are killed. Child et al.
Collisions between moose and motorists q1991) and Bubenik (1997) saw a connection
the Kenai Peninsula, Alaska, were also re-  between this and the high incidence of colli-
ported to be a severe problem (Del Frate andsions with trains. Moose use the same survival
Sparker 1991). The number of road-killed  strategy during confrontations with trains as
moose nearly doubled following the new they do with wolves. With trains this tactic is
policy of the Department of Transportation to fatal. The problem is exacerbated by the effect
improve snow-clearing efforts. Better road of headlights, which hypnotize moose and
conditions allowed motorists to travel faster. interfere with avoidance movements.
Collisions also increased during a severe Anderson et al. (1991) determined that
winter when moose sought relief from harsh snow conditions greatly influenced annual
snow conditions by attempting to winter closevariation in moose killed by trains in Norway.
to plowed roads. In response, a public awareMean annual snow depth was able to explain
ness program was started using roadside sigi@l percent of the annual variation in train kills.
bumper stickers, and programs in schools. Th&ey believed three factors were responsible
number of moose mortalities declined 18 for this close correlation. First, early snows
percent the following year, but the authors  seemed to increase the speed, timing, and
were not confident the education program wasagnitude of moose movements to winter
responsible. The results were confounded byrange. This places them on train tracks earlier
mild winter conditions that allowed moose to in the season. Secondly, although moose are
winter farther from the roads. As mitigation, morphologically adapted for survival in snow,
they called for avoiding building roads in snow depths of greater that 39 inches seemed
moose winter range, brushing roadsides to to motivate moose to seek the plowed railroad
increase visibility, and fencing. beds for movements between feeding sites.
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Third, as snow depths increased moose weresnowpack depth, and moose distribution. The
less successful at escaping the tracks in the setting was the lower Sustina Valley in Alaska.
face of oncoming trains. Because of snow More than 73 percent of mortalities occurred
conditions they returned to solid ground on th&éom January through March. Mortality was
tracks and tried to outdistance the approachirgyeatest along stretches of railway that passed
train instead of climbing over the snow berm. through moose winter range. As snow depth
In addition, more collisions occurred after darkncreased, mortalities increased.

when moose were more active; they became

hypnotized by train lights and train personnel PoTenTIAL EFFECTS

had greater difficulty observing moose. They . -
also found temperatures below 20° C tended o The literature |nd|caFe_s_ Moose can be
increase the risk of collision, while tempera- Impacted by human aCt'V't'eS n the winter.
tures above 0° C had the opposite effect. Th owever, moose habitat requirements are

: ific, and their f select r [
authors speculated this occurred because E':‘rlzltcazliCtio(;l’aaIl dThee rgzgnocesgree?bigr?cgii rioose
moose are foraging more actively at lower : P

temperatures. winter activity is easy to verify through tracks,

Becker and Grauvogel (1991) investigatedpe”et groups, bepls, _sighti_ngs, and evider_lce of
moose/train collisions in Alaska. They ob- browsing. Investigations in summer or winter

served that most moose that were struck werd' ill demonstrate whether or not moose are

using the tracks as a travel corridor in a wintel'>'"9 the area as winter range. As discussed,

environment. Most had time to exit the tracksthe specific attributes of moose winter range

but, instead, usually tried to outrun the train. ?ri Va“?‘ﬁ".i- lHC;)weverhln ﬂlr;t‘fjilsssc)?a\llcvzg‘éz;ible
Snow depths were around 35.5 inches, and ange will include a conce

moose that did leave the tracks floundered ant&mwse materl_aI“sucr;Ias d(:]cgduousntr?r?ssgrr:li
returned to the tracks, which probably in- shru s,b?spemarlny th) OW?J | finSp?r. linas
creased their sense of vulnerability to a per- ¢85€S: PrOWse may be subaipiné fir saplings.

ceived predator, the train. They experimenteocover’ in the form of dense coniferous forests,

with decreasing the average speed of the traifeey also be present. Some of the best moose

(from 48 to 25 miles per hour) to see if moosewmter range is found where browse concentra-

mortalities could be reduced. The reasoning tions_a_lre In juxtaposition with cover. If snow
was that at a reduced speed there would be condltlon_s preclude access to the browse,
more reaction time for train personnel and moose will not be pre_sent.

more time for moose to escape. The reduction Impacts of recreational use may t_ake

did not reduce the number of moose mortali- §everal forms. Moose may be nt_agat_lvely
ties, and the train company determined that, |mpac_ted by a IOSS of winter hablt_at if con-
based on economics, they could not afford to struct!on .Of facilities removes habitat fe_a_ltures
reduce the train’s speed below 25 miles per resulting in a loss of foraging opportunities or

hour. The authors believed that a threshold df@¥e" Negatl\t/)(_e 'Tfagt.s rray ?r:scr)]totcﬁlc?rrlf it
exist below which a positive response would MOOSE are subject to displaceme atresutts

oceur, but it appears to be below 25 miles per” 2 drain on energy reserves. Because they are

hour, which is not economically practical for ﬁﬂirt‘ N arkI)enwronmtfentnwheretlsn(%v;l/ |s|_f[:lerep,
the train company. ight can be energetically costly. The litera-

Modafferi (1991) also investigated the ture indicates flight and stress are most likely
relationships between moose/train collisions, when the source of the disturbance is unpre-
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dictable, is severe to sensory perception, and is
in close proximity. There is also the possibility
that if disturbances are not of this nature,
moose may habituate to human activities and
show high tolerance. Moose may even seek
centers of human activity as security from
predators.

Moose are also uniquely vulnerable to
mortality by collisions with vehicles. This is
because of the relationship between moose,
browse availability, and snow conditions.
Plowed roads or train tracks in moose winter
range offer moose relief from snow conditions
as well as travel corridors to sources of browse.
This, combined with their instinctive response
of standing their ground in the face of a per-
ceived threat help explain why this is such a
serious problem in many areas. Winters with
above average snow depths exacerbate the
problem.

Moose in the GYA are particularly affected
by human use of the following Potential
Opportunity Areas:

(1) Destination areas. Human activity at
destination areas has the potential to
negatively impact moose. Habitat
can be lost if facilities are built in
moose winter range. Individual
animals can be affected if a flight
response is initiated through contact
with humans or their dogs. If human
activities are predictable, moose may
become habituated. If predation is
intense, moose may even seek the site
as a refuge.

Primary transportation routes and (3)
scenic driving routes. Human activity
along driving routes has the potential
to negatively impact moose. Habitat
can be lost through road construction.
Individual animals can be affected by
collisions with vehicles or by ener-
getically expensive flight responses.

(2)

(4)

(6)

(7)

(9)

Groomed motorized routes and (5)
motorized routes. Individual animals
may be affected if a flight response is
initiated by contact with vehicles.
Moose may use the groomed surface
as a travel route and invite collisions
with oversnow vehicles. If human
activities are predictable, moose may
become habituated.

Backcountry motorized areas. Be-
cause of the way humans recreate in
these areas, it is unlikely their activi-
ties will be predictable to moose.
Routes, time of day, and numbers of
people will be highly variable. As a
result, there is a high probability of
initiating a flight response and a low
probability of habituation occurring.
In addition, there is a chance snow-
mobilers will approach or even chase
moose because their movements are
unrestricted. This could be energeti-
cally very expensive for moose.
Groomed nonmotorized routes and
(8) nonmotorized routes. Human
activity may initiate energetically
expensive flight responses. If human
activity is predictable, some level of
habituation may occur. Because
established routes will be used, the
chance that habituation will occur is
enhanced. Moose may use groomed
routes as travel corridors making
encounters with people more likely.
However, because the activity will not
be motorized and grooming vehicles
move slowly, collision is not a risk.
Backcountry nonmotorized areas.
Because of the way humans use these
areas, it is unlikely their activities

will be predictable to moose. As a
result, there is a high probability of
initiating flight response and a low
probability of habituation occurring.
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In addition, there is a chance that skiing or snowmobiling to designated paths
skiers will approach moose because  and to daylight hours.
their movements are unrestricted, <+ Where plowed roads exist in moose winter
which could be energetically expen- range, reduce the risk of collisions by
sive to moose. However, it is less plowing escape corridors in roadside snow
likely skiers will actually chase berms, reducing speed limits, alerting
moose. motorists to the risk by signing and other

(10) Downhill sliding (nonmotorized). educational efforts, providing roadside
These areas are usually limited in lighting, restricting travel to daylight hours,
size. Unless they are located in fencing road corridors, providing under-
especially productive moose winter passes for moose to cross the road, and
range, impacts should be minimal. removing roadside barriers that limit

(12) Low-snow recreational areas. Moose visibility.

winter range is usually at higher .
elevation where snow accumulation is
comparatively greater. More xeric
habitats do not provide moose forage.
A possible exception is riparian areas
at low elevation that may be used by
moose as winter range. In these .
instances, moose could be impacted
by a loss of habitat or by displace-
ment. However, flight responses
would not be as energetically expen-
sive as it would be in locations where
snow conditions are deeper.

M ANAGEMENT GUIDELINES

Avoid building winter recreational facilities
in moose winter range. This will prevent a

Educate the public so that they can take
appropriate measures to avoid impacting
moose. They should understand the im-
pacts of chasing or approaching moose and
the importance of controlling the move-
ment of dogs.

A monitoring program should be estab-
lished to follow moose population trends
and assess potential conflicts with moose.
A variety of methods are available with
which to develop either an index with
comparatively little investment or to con-
duct a more intense survey (Tyers unpub-
lished data; Timmermann 1974, 1993;
Gasaway 1997).
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EFFecTs oF WINTER RECREATION ON MouNTAIN GOATS

PoPuULATION STATUS AND TREND Gallatin Mountains. Currently mountain goats
ountain goats@reamnos inhgbit mogt mountain ranges with appreciable
. L alpine habitat in the GYA (see Table 2). The
americanuywere historically . ) :
M distributed in North America in population trend for goats in these areas is

generally stable or growing (Swenson 1985,
Laundre 1990, Lemke 1996), and most herds
sustain a conservative annual harvest.

the western coastal ranges from Alaska to
northern Washington and in the Rocky Moun-
tains from northern Canada to northern Mon-
tana and central Idaho. Through introduction
primarily by state wildlife agencies, their
distribution has been successfully expanded Mountain goats are social animals gener-
into vacant habitats in their historic range, as ally found in small groups (Brandborg 1955,
well as in habitat outside their historic range iChadwick 1977), though single individuals are
the western United States (Johnson 1977, commonly encountered. During most of the
Wigal and Coggins 1982). Mountain goats year, adult males generally avoid adult females
were introduced into the Greater Yellowstone except where centralized resources, such as
Area (GYA) by state fish and game agencies imineral licks, bring them together. Males
Montana and Idaho for recreational purposescourt females during the breeding season in
including hunting (Brandborg 1955, Montana November and early December then leave the
Department of Fish and Game 1976, Haydenfemale group sometime during the winter
1984, Swenson 1985, Laundre 1990, Varley (Brandborg 1955, Chadwick 1973, Smith
1995). Most introductions took place betweer1977, Wigal and Coggins 1982).

1940 and 1960 and were successful in achiev- Mountain goat populations are generally
ing self-sustaining populations. Many of the considered to be slow growing and have low
founder herds were productive and colonized productivity (Eastman 1977, Stevens 1983,
unoccupied areas, including mountain rangesChadwick 1983). Goats become sexually

that did not receive transplants, such as the mature at the age of 2.5 (these goats give birth

?_’IFE HisToRY

Table 2. Mountain ranges in which goats are found in the Greater Yellowstone Area

Mountain Range Populatién State Referencés

Absaroka Range 360-490 MT, WY Swenson 1985, Varley 1995
Beartooth Mountains 365-425 MT, WY Haynes 1992

Bridger Range 85-90 MT

Centennial Mountains No estimate ID, MT

Crazy Mountains 175-200 MT Lentfer 1955, Saunders 1955, Foss 1962
Gallatin Mountains 50-60 MT, WY

Gravelly Range No estimate MT

Madison Range No estimate MT Peck 1972

Palisade Range 128-142 ID, WY Hayden 1984, 1989
Tobacco Roots No estimate MT

11993 estimates from surveys conducted by Montana Fish, Wildlife and Parks from Lemke (1996).
2 General population status, distribution, and ecology information specific to these populations.
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at 3) or 3.5 (these goats give birth at 4), de- ity to predation (Brandborg 1955, Holroyd
pending upon conditions (Houston and Steved967, Foster and Rahs 1982). Of all natural
1988), though productive conditions can, in causes, accidents related to avalanches; rock,
rare cases, lead to maturity at the age of 1.5 snow, and ice fall; and precipitous falls appear
(Stevens 1983). Gestation is about 6 monthsto account for most natural deaths (Brandborg
and offspring are born in late May or early 1955, Holroyd 1967, Foster and Rahs 1982,
June. Females most often have one offsprindigal and Coggins 1982, Chadwick 1983,
Though two and even three kids have been Smith 1984).

documented, it is considered rare and an

indication of productive conditions (Lentfer HaABITAT

1955, Foss 1962, Hayden 1984, Houston and
Stevens 1988, Festa-Bianchet et al. 1994,
Varley 1995). Mountain goat kids often re-
main with their mothers for 10-11 months, or
longer if the mother does not produce a new

kid. Because of social aggression, the assoc found | bet 20 and 60
tion between a mother and kid can be critical £ o 1ound on SIOPes between =4 and ¢
egrees with little vegetative cover (Smith

kid survival during winter (Chadwick 1977). .
At age two or three, males leave female grougﬁ zzki\\:ﬁiréiyir}gig?agﬁ;ﬁ;‘;efggfgilggg:sgor
and join male groups or become solitary, whil . ) L ’

. . playing (Chadwick 1973, McFetridge 1977).
females typically stay with groups (BrandborgThey also use the slide-rock, talus, and turf

1955, Wigal and Coggins 1982, Chadwick q di t10 led thoudah th |
1983). Both sexes are capable of dispersing meadows adjacent to ‘edges, though hey rarely
stray far from the safety of cliff habitat

long distances and often will at young ages )
(Chadwick 1973, Stevens 1983, Hayden 19841%22';‘0'”5 1955, McFetridge 1977, Varley

Varley 1995).

The greatest factor in natural mortality of
mountain goats appears to be winter severity
and, in particular, snow depths (Adams and

Throughout their range, mountain goats
inhabit steep, rocky terrain during all seasons
of the year. No other feature of preferred
habitat is more apparent than the rugged

; clines to which goats are adapted. They are

Goats typically migrate between summer
and winter ranges each fall and spring
(Brandborg 1955, Holroyd 1967, Kuck 1977,
Smith 1977, Wigal and Coggins 1982). These

Bailey 1982, Wigal and Coggins 1982, . : - :
Swenson 1985). Snow depth and snow mor-igrations are often short-distance elevational
shifts to adjacent areas, versus the lengthy

phology are often the underlying factors in the

causes of death in mountain goats. Causes dtplgratlons_ttr(l) d'Stale ser|lo aratedJaTl(;\:]eli ﬁnovén
death include the availability of winter forage 0 occur with mountain sheep and elk (Holroy

and its effect on body condition (Brandborg 1967, Chadwick 1973, Varley 1995). The use

1955, Edwards 1956, Holroyd 1967); the of transitional ranges between summer and

frequency of intraspecific interactions and thewmfert;langeslls a'\lﬂtyplc?I_(Kuck 1977).
resulting levels of stress (Petocz 1972, n the Rocky Mountains, SUmmer ranges

Chadwick 1977. Kuck 1977. Smith 1977 are often high-elevation settings such as the

Foster and Rahs 1982); the susceptibility to tpps oT_mougtair;Sdgei QaSnSd pHeallks gbfs;’g?
accidents, including avalanches and falls imberline (Brandborg , 1OIroy ’

. . .Wigal and Coggins 1982). In the GYA, these
(Holroyd 1967, Chadwick 1983, Smith 1984); .
the susceptibility to disease and parasites areas are typically between 8,500 and 12,000+

(Wigal and Coggins 1982): and the susceptibﬁ?et in elevation. During the summer months,
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goats use alpine meadows, slide-rock slopesdramatically in comparison with summer. The
talus, and cliff ledges and usually avoid tim- resulting distribution is often confined to
bered areas (Saunders 1955, McFetridge 197tjtically small islands of habitat (Kuck 1977).
Thompson 1981, Varley 1995). In the Bitterroot Range, 36 goats occupied a
Goats descend to lower elevations in linear distance of 3 miles throughout the winter
autumn, often after the first deep snowfall, an@iSmith 1977). Similarly, 17 wintering goats
use terrain topographically similar to their used 8.6 acres in the Swan Range of northern
high-elevation habitats. In some populations,Montana (Chadwick 1973). In very severe
goats remain in high-elevation areas during theinters, goats continue descending to lower
winter and feed on very steep and/or wind- elevations (Rideout 1977) or ascend to wind-
blown slopes and ridges where snow does naswept ridges or mountain tops (Hjeljord 1973).
accumulate (Brandborg 1955, Saunders 1955, Various winter ranges in the GYA have
Hebert and Turnbull 1977, Wigal and Cogginsbeen described. Peck (1972) reported goats
1982), however, most populations have winteusing the Spanish Peaks area of the Madison
ranges distinctly lower in elevation (Brandbordrange moved to lower elevation winter ranges
1955, Chadwick 1973, Kuck 1977, Wigal and in Jack Creek and the Beartrap Canyon of the
Coggins 1982). Winter habitats can be belowMadison River. Similarly, goats on the
timberline, varying in elevation depending  Beartooth Plateau are known to descend into
upon local topography, though the particular the rocky canyons of drainages on the eastern
areas in use for non-coastal populations tendftont, including the Clarks Fork Canyon in
be non-forested areas or open-canopied forestg/oming. There, they may be found as low as
(Gilbert and Raedeke 1992). 5,000 feet in elevation. Mountain goats in the
The principal factors in mountain goat Crazy Mountains are thought to stay close to
winter range habitat selection seem to be closdpine areas using wind-swept ridges and cliffs
proximity to cliff habitats and low snow accu- (Lentfer 1955; T. Lemke, Montana Fish,
mulations (Brandborg 1955, Smith 1977, Wildlife and Parks, personal communication).
Smith 1994). Thus, the preferred habitats ardn the Absaroka Range, goats are thought to
often steep and rocky, located on south-facinglescend to low, south-facing slopes and cliffs
slopes, and exposed to wind and sun adjacent to summer ranges (T. Lemke, Mon-
(Brandborg 1955, Chadwick 1973, Gilbert andana Fish, Wildlife and Parks, personal com-
Raedeke 1992, Smith 1994, Varley 1995).  munication; Varley 1995). One area of the
Brandborg (1955) noted that goats in Montan&oulder River Canyon, which had steep semi-
and ldaho used the lowest available winter  forested rock outcrops, was used by goats from
ranges that provide preferred combinations ofthe Absarokas in 1994 (Varley 1995).
broken terrain and vegetative cover. Smith
(1977) found wintering goats in the Bitterroot HumAN ACTIVITIES
Range used cliff habitats more than 70 percent
of the time observed. Kuck (1977) found the
selection of winter habitat for goats in the
Lemhi Mountains of Idaho was determined b
the physical snow-shedding characteristics of
an area rather than the forage types present.
Wintering goats show strong affinity for
local sites where they restrict their movement

Mountain goats are one of the least under-
stood of all big game mammal species in North
merica (Eastman 1977, Chadwick 1983).
Management has principally focused on the
need for better population information and
methods for setting harvest quotas (Brandborg
&955, Eastman 1977, Wigal and Coggins
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1982). Eastman (1977) assessed research single biggest threat to goat herds throughout
needs for goats in the U.S. and Canada and North America.”
found non-hunting impacts resulting from Several authors have looked at the effects
human disturbance ranked within the top thirdof human disturbance on goats in the form of
among management priorities, though very proximity to people, traffic, and noise during
little had been done on the subject. summer (Holroyd 1967, Singer 1978, Thomp-
Some human disturbances have been  son 1980, Singer and Doherty 1985,
shown to alter goat behavior, and disturbancePedevillano and Wright 1987). Goats have
can affect physiology, distribution, habitat useshown tolerance, and, in cases without harvest
fecundity, and, ultimately, population health or harassment, the ability to readily habituate
(Penner 1988). However, there is little knownto humans on foot as well as road traffic
about winter recreation disturbances and thei{Bansner 1978, Stevens 1983, Singer and
effects on mountain goats. Doherty 1985, Pedevillano and Wright 1987,
Throughout North America, some goat  Penner 1988). Penner (1988) writes, “Goats
populations have been adversely affected by are adaptable and can habituate to potentially
human developments, including logging adverse stimuli if they are gradually acclima-
(Chadwick 1973, Hebert and Turnbull 1977, tized and negative associations are avoided.”
Smith and Raedeke 1982) and mineral, coal, This possibility is best achieved when stimuli
gas, and oil development (Hebert and TurnbuBources are localized and highly predictable
1977, Pendergast and Bindernagel 1977, SmifRenner 1988, Singer and Doherty 1985).
1982, Joslin 1986). These cases have predicSudden, loud noises, however, from traffic
tive value for estimating the general effects of(Singer 1978, Singer and Doherty 1985,
continual disturbance through human activitieBedevillano and Wright 1987), blasting or
In these cases, a decline in goat population drills (Singer and Doherty 1985, Penner 1988),
levels occurred when development in or near and helicopters (Penner 1988, Coote 1996) still
goat habitats took place. The mechanisms foelicited extreme alarm responses from goats
population declines were not clear but seem tthat have been habituated to human presence.
be related to improved access for hunting or Many observers have found that goats that
poaching (Chadwick 1973, Foster 1977, Hebeate approached on foot are either mildly
and Turnbull 1977, Smith and Raedeke 1982 evasive, tolerant, or curious. Consequently,
Smith 1994), abandonment of habitat due to these observers believe that most human foot
alterations or disturbance (Chadwick 1973, traffic is of minimal impact to goats
Hebert and Turnbull 1977, Pendergast and (Brandborg 1955, Holroyd 1967, Thompson
Bindernagel 1977), or continual stress as a 1980, Pedevillano and Wright 1987). Although
result of human presence (Joslin 1986). quite rare, confrontations with aggressive goats
Controlling human access has been con- have been reported when humans and goats
tinually suggested as the management tool thewme into close quarters (Holroyd 1967,
will have the greatest effects on the long-termChadwick 1983). Goats react by stamping
health of mountain goat populations their front feet, pawing the ground, and arching
(Chadwick 1973, 1983; Eastman 1977, Hebetheir necks when threatened by humans
and Turnbull 1977, McFetridge 1977, Wigal (Holroyd 1967). Quick, powerful movements
and Coggins 1982, Joslin 1986, Haynes 1992)oupled with very sharp horns can cause
Joslin (1986) states, “Motorized access in or serious injury to humans in the course of
near mountain goat habitat is probably the handling goats. Anecdotal reports of goats on
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the Beartooth Plateau attest to the occasionakkiing accessed by helicopter or from the
aggressive nature of goats around humans. ground), snow-boarding, and ice-climbing.

Driven by hunger for minerals, these goats Because mountain goats are sensitive to
have, on occasion, come into human camps loud noises, snowmobiles and helicopters
knocking down tents and equipment. could affect their behavior depending upon the

Some biologists in the GYA have expressgatoximity and duration of the disturbance
concern about potential conflicts between  (Singer and Doherty 1985, Pedevillano and
humans and goats, but there are no docu-  Wright 1987, C6té 1996). In the GYA, most
mented, actual, ongoing conflicts. Outside theccupied goat winter range occurs within
GYA on the Sawtooth National Forest and  established national wilderness areas where
Sawtooth National Recreation Area in Idaho, motorized travel is strictly prohibited. In
special management restrictions on winter  assessing management considerations, the
recreation, including foot, snow machine, andldaho Department of Fish and Game identified
helicopter travel, have been established. Mitiuse of helicopters for skiing as an activity
gation measures, including area restrictions, potentially detrimental to goats. Where the
closures, and other regulations, were enactedwm are in conflict, goats require protection
minimize the potential for disturbances to (Idaho Department of Fish and Game 1990).

wintering goat populations (Hamilton et al. Nonmotorized users in close proximity to

1996, USFS 1997). wintering goats may also affect goats in terms
of the energy expended to avoid these users.

PoTenTIAL EFFECTS Depending upon winter severity, energy ex-

pended avoiding recreationists could be costly
and, therefore, cause harm to individuals and,
in the long-term, to populations. Biologists
have expressed concerns about an increasing
amount of ice-climbing taking place in moun-

_demonstrate the process by .Wh'Ch h_uman tain goat habitats. The extent of this potential
impact may alter goat behavior, habitat use, disturbance is unknown. Ice climbing may

and stress levels potentially leading to pOIOUIaﬁeed to be monitored as a potential source of

tion declines. Because of low productivity arl%Iisturbance in particular situations, although,

narrow habitat requirements, goats can be because it is a highly localized activity lacking

Icc;|nS|d§_rled ifrar?t”? \rN”nd“fe r?}g-‘fﬁcfé g;rt'cu'loud noises or other disturbance factors, long-
arly while on winter ranges (Smi ' term effects would likely be minimal.

ghadyvicklélgga Smith 1984, Wigal and Although accounts of goats injuring hu-
0ggins ) mans exist, goats generally do not pose a safety
Because of the remote and rugged naturei%f‘

oat wintering habitats, recreational use of zard to humans. Only in unusual cases
9 9 ' u [nvolving habituated goats in frequent, close

such areas Is unI|I_<er. However, any use Coulﬁroximity to humans would such a concern
potentially be detrimental. Abandonment of .

habitats or increased stress related to frequent
encounters could be elicited through recre-
ational activities including snowmobiling,

skiing (downhill, cross-country, or telemark

Human activities are capable of causing
disturbances detrimental to mountain goat

specifically refer to winter recreation, they do

Mountain goats in the GYA are particularly
affected by human use of the following Poten-
tial Opportunity Areas:
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(6) Backcountry motorized areas ized at specific sites and is predictable in

(8) Nonmotorized routes terms of repeated use. These are two

(9) Backcountry nonmotorized areas characteristics that goats seem to require
(12) Low-snow recreation areas for tolerance or habituation; therefore, ice

climbing may not pose a significant threat
Given the susceptibility of mountain goats  to goats.

to human disturbance, particularly during the
months of winter, there is potential for negativi] ANAGEMENT GUIDELINES
impacts to goats as a result of winter recre-

ational activities. However, there are no
known cases of conflict in the GYA at this
time. Seemingly, conflicts are being avoided
between winter recreationists and mountain
goats. Possible explanations for this conclu-
sion include:

1.

The impacts of human disturbance on goat
populations have been clearly demonstrated in
numerous cases; however, these cases con-
spicuously lack a clear case demonstrating the
effects of recreation on goats during winter.
Based on no known cases of conflict in the
GYA, no immediate management recommen-
dations are offered. If, however, cases of
conflict occur in the future, restrictions on
any major conflicts would not escape human use should be imple_m(_ented t9 protect
attention, though the occasional, minor _mountam goats. Such restrlct_lo_ns might
conflict could go unreported for some time'.rlCIlJOIe area clos_u_res, a permitting Sys.te”.“ that
Minor conflicts may occur in association would regulat(_e visitor r_1umbers, and criteria _for
with wilderness trespasses and, thus, the use of helicopters in the area of mountain

remain unreported or undetected. In mostgoat winter range.

cases, it appears that wilderness designa—h b'.A{ gensral lack of mfor_matlontorf\ the wmtter_
tion and area use limitations have ad- abits and resource requirements for mountain

equately protected mountain goat habitatsgoats may require further eco_lc_)glcal studies. It
would be useful to more specifically locate

from motorized-related disturbances in the : . .
GYA. mountain goat winter ranges in the GYA and
compare them with backcountry recreation use
areas. Overlap can then be examined so that
potential areas for conflict can be identified. If
a significant overlap exists or conflict arises,
management options can be considered and

implemented.

Conflicts may be occurring that are un-
known to officials. It would be likely that

Because mountain goat winter range is
inaccessible and precipitous, goats and
recreationists are not often coming into
conflict. For recreation, humans tend not
to seek the combination of rocky, rugged
terrain, and low-snow conditions required
by mountain goats. Rather, snowmobilers
and skiers prefer deep snow conditions,
which are typically avoided by goats. TheAdams, L. A., and J. A. Bailey. 1982. The
discrepancy in site preferences appears to  population dynamics of mountain goats in
be a factor in mutual avoidance by goats  the Sawatch Range, Colorado. Journal of

and humans during winter. While ice Wildlife Management 46:1003—1009.
climbing does occur in goat winter range

habitats, the effects of this form of recre-
ation are unknown. Ice climbing is local-
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EFFecTs oF WINTER RECREATION ON SUBNIVEAN FAUNA

hat live under the snow during the live there is slowed. However, factors such as
inter. They include such species abght, carbon dioxide, oxygen, and moisture
shrews, voles, pocket gophers, and mice. ~ may have more effect on the animals that live
in this environment than on those that live
Lire HisToORY above the snow (Halfpenny & Ozanne 1989).
Light penetration to plants under the snow
may initiate plant growth and seed germination
late in the winter, thereby providing a food

S:/bnivean fauna are small animals and the loss of energy from the organisms that

Subnivean mammals are often active both
day and night and are active throughout the

yhear. Theg spedntgj mpst Of. their tr']me NOroN source for mammals. Consumption of plants
the ground, and, during winter, they are most, ., phenolic compounds (which are found in

often found under the snow. Generally they aé?owin . .
. . . g grasses and other plants) is possibly a
short lived but have relatively high reproduc- cue for the initiation of the reproduction

tive rates. rocess in some mammals (Halfpenny &

h Thesi mak;nrr_lalz ?at a th)de Va”%tyl of fohoc%zanne 1989). Carbon dioxide may accumu-
that can be obtained from above or below the, e i, varying levels of concentration under

ground. Shrews eat primarily insects, other the snow. Higher concentrations of carbon

|nve’rteb.rates, apd some small mam”?a's- A dioxide may affect the physiological functions
vole's diet may mclucje green vegetation of plants and animals, possibly resulting in the
(grasses, seeds, grain, and bark). _Tubers, OPRuced ability of subnivean animals to find
and some types of surface vegetathn ar®  food or avoid predators (Halfpenny & Ozanne
preferred by pocket gophers, and mice gener'1989). Water running through snowpack can
ally feed on seeds, insects, or green vegetati%use flooding at ground level and below, and,

ECO'OQ‘C""”V’ thege mammals are importal'Especially during spring runoff, subnivean
prey species for a wide variety of birds and animals may drown or die of hypothermia

mid-sized carnivores. (Halfpenny & Ozanne 1989).
Most research relating to the impacts of
HumAN AcTIVITIES winter recreation on subnivean fauna has

It has been suggested that compacting ~ concerned the effects of snow compaction due

snow by mechanical grooming or even by o snowmobiles on the animals. One of the
substantial activity on foot (skiing or potential impacts of snow compaction is
snowshoeing) could have a negative impact odlteration of the snow microclimate, especially
small mammals that spend their time under tH&€ physical and thermal aspects (Corbet

snow in the winter. 1970). Some of the possible changes in snow
conditions resulting from snow compaction
POTENTIAL EEFFECTS include a decrease in subnivean air space, a

_ _ ~ change in temperature, and accumulation of
The subnivean environment protects life  yoxjc air under the snow (Jarvinen and Schmid

below the snow from some impacts of winter, 1971, Schmid 1971a and b). Temperature
such as wind and cold. The environment Und@ﬁanges may result in animal movements

the snow has relatively stable temperatures,
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under the snow being limited, the suitability otality of these animals because of the impacts
a site for seed germination being reduced, andf snow compaction. Until more research is
winter mortality of subnivean wildlife being  completed in this area, the only management
increased (Keddy et al. 1979). Thereisa  guideline is to encourage more research on the
possibility that carbon dioxide could accumu- subject, especially in areas where widespread
late under the snow to levels that are toxic to and high intensity snowmobiling or skiing
small mammals. Carbon dioxide tends to flovoccurs near comparison control areas.
downhill. If a compacted area is located at the
bottom of a hill or even on a side slope, carboh | TERATURE CITED
dioxide accumulation could be fatal to the
small mammals attempting to move through
the area under the snow (H. Picton, Montana
State University, personal communication).
According to Halfpenny & Ozanne (1989),
skiers may do more damage to the snowpack
than snowmobilers because narrow skis cut
deeper into the snowpack and because skis
have a greater footload (amount of weight per
surface area) in comparison to a snowmobile
track. For both ski tracks and snowmobile
tracks, multiple passes over the same track will
have more impact than a single pass. The
larger the area of compaction, the greater the
possible impact to subnivean fauna. If the
habitat area is small, if rare species are present
in the area, or if the activity is not restricted to
narrow paths, impacts to subnivean life may bléeddy, P.A., A. J. Spaovid, and C. J. Keddy.

substantial and damaging (Halfpenny & 1979'h Snovxt/rr:_obil_e impactson t(.JId ;i:eld "i‘j”‘?'
Ozanne 1989). marsh vegetation in Nova Scotia, Canada:

an experimental study. Environmental

Management 3:409-415.

Schmid, W. D. 1971a. Modification of the
subnivean microclimate by snowmobiles.
Pages 251-25n Proceedings of sympo-
sium on snow and ice in relation to wildlife
and recreation. Cooperative Wildlife
Resources Unit, lowa State University,
Ames, lowa, USA.

. 1971b. Snowmobile activity,

The lack of information about impacts to subnivean microclimate, and winter mortal-
subnivean mammals from winter use makes it ity of small mammals. Bulletin of the
difficult to draw conclusions. However, there Ecological Society of America 53(2):37.
is the potential for an increase in winter mor-

Corbet, P. S. 1970. Snowmobiles: for plea-
sure, profit, and pollution. Ontario Natu-
ralist 8(2):10-12.

Halfpenny J. C., and R. D. Ozanne. 1989.
Winter: an ecological handbook. Johnson,
Boulder, Colorado, USA.

Jarvinen, J. A., and W. D. Schmid. 1971.

Snowmobile use and winter mortality of

small mammals. Pages 130-140V.

Chubb, editor. Proceedings of the 1971

Snowmobile and Off-the-Road Vehicle

Research Symposium. Technical Report

Number 8, Recreation, Research and

Planning Unit, Department of Park and

Recreation Resources. Michigan State

University, East Lansing, Michigan, USA.

Subnivean fauna in the GYA are particu-
larly affected by human use of the following
Potential Opportunity Areas:

(4) Groomed motorized routes
(5) Motorized routes
(7) Groomed nonmotorized areas

M ANAGEMENT GUIDELINES
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ErFFecTts oF WINTER RECREATION ON BALD EAGLES

PopuLATION STATUS AND TREND Montana, the upper Henrys Fork, southeastern
Idaho, and northwestern Wyoming. The

esting, yvmtermg, and migrating Yellowstone Unit includes most of Yellowstone
populations of bald eagles National Park

(Haliaeetus leucocephalueccur Between 1970 and 1995, the bald eagle

in the Greater Yellowstone Area (GYA). Bald population in the GYA increased exponentially.

eagles are protected under the Migratory BirdThere were 111 known breeding areas in 1995
Treaty Act of 1918 (16 U.S. Code 703) and th?GYBEWG 1996). Population growth has

galgl E6a69$e PéOtISC“Oq Act of 194.?. (ﬁ6|.u'tsa been attributed to the significant reduction of
ode ). Bald eagles were initially listed ag nvironmental contaminates, such as DDT

gn er!darEetrefdlsgp?esc%s g ngeatehisirldalr;%ezre pesticide), and the initiation of intensive
PECIES ACL O (U.S. Co ' nesting surveys (Flath et al. 1991).

amended), but on July 12, 1995, the bald
eagle’s status was downlisted to threatened i
the lower 48 states. This action did not alter
those conservation measures already in place The average life span of a wild bald eagle
to protect the species and its habitats. is estimated to be between 10 and 18 years
Because of the eagle’s initial status as  (MBEWG 1994). Bald eagles first breed at 6
endangered, the Pacific States Bald Eagle to 7 years (Harmata and Oakleaf 1992) after
Recovery Team was formed (the GYA is part adult plumage is acquired (Stalmaster 1987).
of the Pacific Recovery Area). The team Nest building most commonly occurs during
produced the Pacific Bald Eagle Recovery Plahe autumn, late winter, and early spring
(USFWS 1986), which addressed the recovergOctober to April), although nest repair may
of bald eagles in Washington, Oregon, Califoreccur during every season for well-established
nia, Nevada, ldaho, Montana, and Wyoming. pairs. Alternate nests may be present in a
Regionally, other teams were formed, and thebreeding area. Incubation can begin as early as
Bald Eagle Management Plan for the Greaterthe first week of February and as late as the
Yellowstone Ecosystem was issued in 1983 last week of March (Swensen et al. 1986,
(revised 1996), and the Montana Bald Eagle Harmata and Oakleaf 1992, Whitfield 1993,
Management Plan was issued in 1986 (revise8tangl 1994) and lasts 35 days. Bald eagles
1994). Both plans identify threats to the bald are very sensitive to disturbance during nest
eagle and provide management direction for building, egg laying, and incubation.
population recovery in the respective areas. Bald eagles are opportunistic feeders and
Three population units were delineated in prey on fishes, waterfowl, lagamorphs, some
the GYA based on bald eagle natural history ground-dwelling mammals, as well as ungulate
and the elevation, climate, and vegetation of carrion. Bald eagles also steal prey from other
the units (GYBEWG 1996). The Snake Unit eagles, osprey, otters, and many other species
includes bald eagle breeding areas associate(Stalmaster 1987, Harmata and Oakleaf 1992,
with the Snake River in northwestern Wyomingtangl 1994).
and southeastern Idaho. The Continental Unit In the GYA, adult breeding pairs of eagles
includes the watersheds in southwestern may or may not migrate out of the ecosystem

r'_IFE HisToRY
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during the winter (Harmata and Oakleaf 1992jir (Pseudotsuga menzigsiblack cottonwood
Juvenile, immmature, and adult eagles migrate @opulus trichocarpg and spruceRiceaspp.).

different times, therefore, age ratios of a Large emergent trees and snags provide impor-
population may differ during the winter. tant nesting and perching habitat (Wright and
Juveniles migrate earlier in the autumn Escano 1986). Bald eagles display strong

(Stalmaster 1987, Harmata and Oakleaf 1992jdelity to a breeding area and often to a spe-
and may travel farther than sub-adults or adultsfic nest.
(Stalmaster 1987). Band encounters and radio An available prey base may be the most
tracking of juvenile and immature bald eaglesimportant factor determining nesting habitat
produced in the GYA indicated that virtually suitability (Swensen et al. 1986, Harmata and
all birds leave the ecosystem in the first au- Oakleaf 1992, MBEWG 1994), nesting density
tumn after fledging. Juveniles return in mid- (Dzus and Gerrard 1993), and productivity
April to early May and appear to remain withifHansen 1987) of bald eagles. Bald eagles
the GYA during the summer. Juvenile eaglesusually nest as close to maximum foraging
originating in Canada winter within the GYA. opportunities as possible, although human
activity will be avoided (Harmata and Oakleaf
HABITAT 1992).

WINTERING HABITAT

Bald eagle winter habitat is generally
associated with areas of open water (unfroze%lre
portions of lakes and free-flowing rivers)

RoosSTING HABITAT

Like nesting and perching trees, roost trees
typically mature or old conifers or cotton-

i woods. Preferred roosting habitat includes a
where fishes and/or waterfowl congregate protected microclimate that provides shelter
(Swensen et al. 1986, Stal_lmaster 1.987’. from harsh weather and is characterized by tall
GYBEWC.; 19.96)' Most winter habitats in- Irees that extend above the forest canopy and
clude major rivers and large lakes. Eagles W'Ey locations that provide clear views and open

forag‘? on high-_quality foods away from flight paths (Stalmaster 1987). Roost locations
aquatic areas, in particular, upland areas whelr

I . bird ql h i6 within the breeding territory during the
ungulate carrion, game birds, and lagomorp %reeding season. Bald eagles may roost in the

are ?“’a"ab'e (Stwgns_(t)r? Iei al. 1986).hUntguIat%est or nest tree. As nestlings grow, the adults
carrion associated with late-season hunter may roost farther away from the nest site

harvests and big game wintering areas are alfg
. A talmaster 1987).
important to wintering bald eagles (GYBEWG In many areas, night communal roosts are

1996). important during the fall and winter months.
Although winter roosting habitat is not neces-
sarily close to water or in close proximity to
food sources, the availability of an abundant
source of food, of foraging perches, and of
secure night-roost sites away from human
activities are important habitat components
&GYBEWG 1996, MBEWG 1994).

NESTING HABITAT

Nesting habitat varies among units in the
GYA. Nest sites are generally distributed
around the periphery of lakes, reservoirs, and
along rivers. Nests are most commonly con-
structed in mature or old-growth stands of
large diameter trees that are multi-layered an
contain a variety of species, primarily Douglas
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HumaN ACTIVITIES mortality rates (Stalmaster and Gessaman

984). Juvenile bald eagles have higher energy
emands, are less efficient foragers, and spend
more time trying to acquire food than adults.
Therefore, they are more likely to be adversely
pacted by human activities.

During the breeding season, bald eagles are
ost sensitive to human activities during nest
uilding, egg-laying, and incubation (February
1 to May 30). Human activities during this
time may cause nest abandonment. After
oung have hatched, a breeding pair is less
ikely to abandon the nest. However, eagles
may leave the nest due to prolonged distur-
bances, exposing young to predation and
adverse weather conditions (MBEWG 1994,
GYBEWG 1996).

Bald eagle responses to human activities
generally range from displacement to avoid-
ance of the human activity to reproductive
"Wilure. Bald eagle responses also vary de-

Bald eagles may be affected by a variety g
recreational, research, resource, and urban
development activities. Pesticides, poisoning
electrocution, vehicle collisions, and shooting
have directly affected eagles. Various types o{n
human activities that influence the environme
have indirectly affected eagles (Mathisen 196E‘R
Knight and Knight 1984, Stalmaster 1987,
Buehler et al. 1991, McGarigal et al. 1991,
Harmata and Oakleaf 1992).

Management concerns initially focused ore/
permanent alterations of bald eagle habitat,
such as cutting down nest trees. However,
recent studies have demonstrated the impor-
tance of protecting eagle habitat from tempo-
rary human activities, such as recreation
(Stalmaster and Newman 1978, Knight and
Knight 1984, Knight et al. 1991, McGarigal
et al. 1991, Harmata and Oakleaf 1992). Ma
recreational activities are focused on or arou ending on type, intensity, duration, timing,

major water bodies where bald eagles nest, predictability, and location of the human

ro ost, or forage, there_by Increasing the IQmen?activity. Responses may be influenced by the
tial for eagle—human interactions.

T h tivities h b presence of another eagle nearby, the eagle’s
emporary human activities have been physical and behavioral state, the nature of the
shown to influence the behavior of wintering

human activity, and the time and location of
bal_d eagles (S_talmaster and Newmqn 1978’. the encounter (Anthony et al. 1995). Eagle
Knight and Kn_lght 1984) and those in breeollnFbsponses to human activities may differ with
areas (McGarigal et al. 1991, Harmata and populations (Fraser et al. 1985) and with
Oakleaf 19.92’ Stangl 1994). A_nthony etal. individual pairs (Stangl 1994). Some bald
(1995) b elieve t.h"?‘t. the cumulative effe_cts of eagles may habituate to human presence and
recreational activities can have deleterious

become more tolerant of human activities
effects on eagle populations through reducuo?ﬁmght and Knight 1984, Harmata and

in survival, especially during the winter, and i akleaf 1992, GYBEWG 1996).
reduced reproductive success (Montolopi and

Human activities during the winter and
Anderson 1991). g

spring can reduce feeding activities of bald
eagles (Skagen 1980). These activities can
also displace eagles from foraging areas

Bald eagles are generally food-stressed (Stalmaster and Newman 1978), alter use
during winter. High levels of human activity patternsice.,, eagles will avoid a feeding area
can potentially increase energy demands on for a period of time), or shift spatial- or tempo-
wintering bald eagles and result in increased ral-use patterns (McGarigal et al. 1991,

PoTenTiaAL EFFecTs
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Harmata and Oakleaf 1992, Stangl 1994, Smittent activities also have the potential to

1988). impact bald eagles.) Groomed trails are often
Vehicular activities along prescribed routegocated in riparian areas, and activities on these

or within strict spatial limits and at relatively trails can begin as early as October and extend

predictable frequencies are least disturbing taas late or later than June. A review of the

bald eagles (McGarigal et al. 1991, Stangl literature revealed that research has not been

1994, GYBEWG 1996). However, completed to assess the effects of snowmobile

slow-moving motor vehicles can disrupt eagleor other winter recreational activities on bald

activities more than fast-moving motor ve-  eagle wintering or breeding habitat, but some

hicles (McGarigal et al. 1991). Snowmobiles documents referenced potential effects of

may be especially disturbing, probably due tosnowmobile activities (Shea 1973, Alt 1980,

associated random movement, loud noise, andarmata and Oakleaf 1992, Stangl 1994).

operators who are generally exposed (Walter  Bald eagles in the GYA are particularly

and Garret 1981). affected by human use of the following Poten-
Bald eagles have been displaced by pedesial Opportunity Areas:

trian activities (Stalmaster and Newman 1978,

McGarigal et al. 1991, Stangl 1994) especially (1) Destination areas

when the activities occur outside of predictable (2) Primary transportation routes

use areas (Harmata and Oakleaf 1992). Grubb (3) Scenic driving routes

and King (1991) found that pedestrians (hikers, (4) Groomed motorized routes

anglers, and hunters) were the most disruptive  (5) Motorized routes

type of human activities to bald eagles. Stangl (6) Backcountry motorized areas

(1994) found that a bald eagle pair used (7) Groomed nonmotorized routes
perches that were spatially separated from (8) Nonmotorized routes

pedestrian angler activities. Bald eagles that (9) Backcountry nonmotorized areas
forage on the ground are most sensitive to (10) Downhill sliding (nonmotorized)
human activities (Stalmaster and Newman (12) Low-snow recreation areas

1978, Knight and Knight 1984, McGarigal
et al. 1991), therefore, human disturbances M ANAGEMENT GUIDELINES
may have a greater impact on eagles foraging
on fish or ungulate carcasses (Anthony et al.
1995).

The Bald Eagle Management Plan for the
Greater Yellowstone Ecosystem (GYBEWG

Riparian habitat is an important componen][996) established a management goal "to

of bald eagle habitat. Recreational impacts oﬂ?a'hnlta'n lbalqtﬁahglehpopglatt)l_?tr_ls n ;he rGYA at
riparian areas, specifically impacts to cotton- 'gh Tevels with nigh probabilities of persis-

wood trees, could affect bald eagle perch tenr?if‘!if:r?cg]t?)utfrfllglggf)gu;?:rirsat(?agreor\:igere
habitat as well as availability of prey. Si9 y ’

In the GYA, winter recreational activities search, and readily accessible enjoyment by the

that are most likely to affect wintering, migrat_recreatlonal and residential public.

ing, and spring nesting bald eagles include: _Manag(_ement of bald eagle winter and
snowcoach and snowmobile traffic spring habitat should focus on the presence and

cross-country skiing, telemark skiing, abund_a?c(;a OTtLOOd fgr eatglre?hthat |s_|usk;l_1|§tllly nd
snowshoeing, dog sledding, late-season elk associated with open water, the avaliabiiity a

hunting, and antler collecting. (Bison manageqiStribUtion of foraging perches, the availabil-
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ity of secure night roost sites, and freedom

from human harassment (Martell 1992).
Adequate monitoring of bald eagle winter-

ing and nesting populations is fundamental to

private land and prohibited on federal land.
Single trees in upland foraging areas
devoid of elevated perch sites should be
retained.

effective management. Bald eagles may be 4.
“urban” or “rural” (GYBEWG 1996) and
respond differently to recreation activities.
Eagles in the vicinity of high human densities
and recreational activities may become habitu-
ated to human presence and tolerant of certai
human activities. Urban eagles may be ex-
posed to human activities that increase gradu-
ally, usually within defined spatial limits, while
human activities that rural eagles are exposed
to are distributed and moving randomly at 1,300 feet of critical and vital roosts should
varying intensities and often seasonal and be closed. Human activity beyond 1,300
abrupt. In some winter recreation areas, eagles feet may be disruptive if above the roost
will initiate nest building while snowmobile site. In such cases, methods to provide
activities are at their highest levels. visual screening from the roost site should
The plan (GYBEWG 1996) suggested be explored and based on site inspection
management guidelines with regard to winter  and recommendations of biologists. Clo-
recreation activities, including: sures for autumn roosts should extend from
1 October to 1 January, for winter roosts
from 15 October to 1 April, for vernal
roosts from 1 March to 15 April or deter-
mined by actual residency patterns of local
eagles. Alternative schemes towards these
ends should be encouraged to accommo-
date human values.
Strive for similar protection of secondary
sites because they may evolve into critical
or vital roosts through succession, fire,
wind, or other catastrophe.

Areas of winter and early spring waterfowl
concentrations are important to wintering
and migrating eagles. Efforts to enhance
existing wetlands and development of new
ones should be supported.

Strive to maintain visual, temporal, and
spatial integrity of the roost site in order to
provide for short- and long-term use by
bald eagles. Manage critical and vital roost
sites temporally and spatially. Areas within

1. Encourage and support research to identify
and quantify use and location of seasonal
concentrations of bald eagles.

2. Establish buffer zones of 1,300 feet around
high-use foraging areas with temporal
restrictions from sunset to 10:00 a.m. in
areas of high human use or establish 6.
site-specific modifications based on re-
search findings.

3. Diurnal perching areas may not always be
associated with primary foraging area. If
separate, buffer zones of 650 to 1,300 feet Guidelines have been developed in the
around concentrated or high-use perches Bald Eagle Management Plan for the Greater
should be imposed, dependent on exiting Yellowstone Ecosystem (GYBEWG 1996) and
vegetative screening. Temporal restrictionthe Montana Bald Eagle Management Plan
should be consistent with seasonal resi- (MBEWG 1994) to provide management
dency. Removal of trees, especially snagslirection for bald eagles where there is little
greater than 2 feet in diameter that are  information on areas actually used. The
within 100 horizontal feet or 1,300 feet in GYBEWG (1996, pages 22—-25) defined three
elevational rise of greater than 30 degreeszones within bald eagle breeding areas to
from shoreline should be discouraged on which these guidelines apply. Zone boundaries
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should be altered after intensive study of eagle patterns should not preclude a return to
activity and development of site specific minimal activity levels.
management plans. Guidelines and recom-
mendations for the completion of managemermtone |I—P rivarRY Use AREA
plans focused on bald eagle habitat or breeding This zone includes the area Y- to ¥2-mile
areas. from active nest sites in the breeding area
where it is assumed that 75 percent of activities
ZoNE |—NEST SITE AREA (foraging, loafing, bathing, etc.) of a bald eagle
The area within a ¥4-mile radius of active breeding pair occur.
nest sites should be maintained to protect nest
site characteristics, including snags, nest trees, Light human activity levels should not be
perch trees, roost trees, and vegetative screen- exceeded during the nesting season. Mod-
ing. Any disturbances should be eliminated. erate levels should not be exceeded during
other times in the year. Moderate human
activity include light impact activity levels
but intensity of such activities are not
limited. A limited number of recreation
centers designed to avoid eagle conflicts
may be considered. Other activities such
as construction should be designed to
specifically avoid disturbance. Designing
projects or land uses to avoid eagle con-
flicts requires the sufficient data to formu-
late a site-specific management plan.
Habitat alterations should be carefully
designed and regulated to ensure that

1. Human activity should not exceed minimal
levels during the period from first occu-
pancy of the nest site until two weeks
following fledging (approximately 1
February to 15 August). Minimal human
activity levels include essentially no human
activity with the following exceptions: (1)
existing patterns of ranching and agricul-
ture, (2) nesting surveys and banding by
biologist experienced with eagles, and (3)
river traffic as defined by the GYBEWG 2.
(1996, page 22). Light human activity

levels should not be exceeded during the
rest of the year. Light human activity levels

allow for day use and low impact activities3.

such as boating, fishing, and hiking but at

preferred nesting and foraging habitat are
not degraded.

Developments that may increase human
activity levels and use patterns should not

low densities and frequencies. Activities be allowed.
which are excluded include concentrated
use associated with recreation centees ( Zone Ill—H omeE RANGE
picnic areas, boat landings) and helicopters This area includes all suitable foraging
within 650 yards of the ground. habitat within 2.5 miles of active nest sites.

2. Habitat alterations should be restricted to Areas within the 2.5 mile radius of the nest that
projects specifically designed for maintaindo not include potential foraging habitat may
ing or enhancing bald eagle habitat and be excluded. However, the zone will include a
conducted only during September throughl,300 foot buffer along foraging habitat where
January. the zone has been reduced.

3. Human activity restrictions for Zone | may
be relaxed during years when a nest is nofl.. Human activities should not exceed moder-
occupied. However, light human activity ate.
levels should not be exceeded and land-use
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2. Projects that could potentially alter the During winter and spring months, many
habitat of forage species should be care- wildlife species congregate at lower elevations.
fully designed to insure availability of preyIn the GYA, elk and moose are commonly
is not degraded. Adequate design of suchobserved along roadways and are periodically
projects will require data from site-specificobserved along designated and groomed
management plans. snowmobile trails. Natural mortalities and

3. Terrestrial habitat alterations should ensum®@ad kill animals provide a winter and spring
important components are maintained.  source of food for bald eagles. However,
Major habitat alterations should be consideagles can, in turn, become road kill victims
ered only if site-specific management planthemselves when foraging on carcasses located
are developed and only if the alterations areext to roads. Carcasses on and along roads
compatible with management plans. should be moved away from the road edge in

4. Permanent developments that are suitablen effort to protect bald eagles and other
for human occupancy should be avoided. scavengers. Similar incidents can occur along

railroads where deer, elk, moose, and antelope
Other developments that may increase  may concentrate (J. Naderman, ldaho Depart-
human activity levels should be carefully ment of Fish and Game, personal communica-
designed to ensure that objectives would not ben). Because a large portion of the GYA lies
exceeded for all three management zones. Faithin the grizzly bear recovery area, road Kill
example, active nest sites or any nest sites inand some natural mortality carcasses are

the breeding area that have been active in theemoved and are no longer available as a food

last five years if the active nest has not been source in an effort to reduce bear—human

identified should be protected. conflicts.
Elk harvests occur during the fall and
winter, and antler collecting occurs during thelL ;TERATURE CITED
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EFFecTs oF WINTER RECREATION ON TRUMPETER SWANS

PopuLATION STATUS AND TREND ally all of the breeding trumpeter swans of

. Canada and the Greater Yellowstone Area share
he trumpeter swarCfygnus bucci ) . ) L
. . . the same high-elevation winter habitat in the
nator) is a species of special con

cern in Idaho (Category A) and GYA (T. McEneaney, Yellowstone National

Montana, and a Priority 1 species in Wyomin park, personal communication).
’ y - SP 9 More than 10,000 swans currently exist in
In March 1989, the Idaho Chapter of the ) " . .
I . - , the wild. The Pacific population, representing
Wildlife Society petitioned the U.S. Fish and most of the wild swans. breeds in Alaska and
Wildlife Service to add the Greater Yellow- ’

stone Area (GYA) trumpeter swan population winters along the Pacific Coast from Alaska
P Pop south to Washington (Ehrlich et al. 1988, Gale

t.o the threatelned species list, but the popula-.1989). The mid-continental population of
tion was not listed. Concern over the dramatlg roximatelv 300 birds winters in the GYA
decline in the GYA trumpeter swan population bp y '

led to the establishment of the Greater YeIIowiA‘bout 55 percent of these Dirds are year-round

stone Trumpeter Swan Workina Group in residents; the remainder migrate north and
1997 g J P spend the summer in Canada (Gale 1989).

During the 1800s and early 1900s, com- Currently, the swan population in the GYA

mercial trade in swan skins and habitat destrLirg:a-‘S exhibited declining productivity. In Yel-

. . owstone National Park, no cygnets were
tion reduced trumpeter swan populations to a

: . . roduced in 1996 or 1997. In 1995, two of
fraction of historic levels. The species neared’.

S . eight nest attempts were successful in the park,
extinction in the lower 48 states, and isolated and six cvanets were produced. but only two
areas of protected habitat were critical to the Y9 P ' y

survival of wild trumpeter swans (Banko fledged. In 1994, five cygnets fledged (NPS

1960). The discovery of swans in the Centen-lg%; T. McEneaney, Yellowstone National

: ) Park, personal communication).
nial Valley in the 1930s led to the eventual i L .
establishment of Red Rocks Lakes National Winter habitat in the GYA is shared by

Wildlife Refuge. Management efforts at the re_s_ldent_ and non-reS|d_ent swans. Winteris a
. critical time for swans in the GYA as they are
refuge, as well as in a few other areas, have

- . are vulnerable to reduced flows of water, heavy
helped maintain trumpeter swan numbers in

recent decades (Banko 1960, USFWS 1996).C€ formation, unusually severe winter weather,
. disease, and environmental pollution. During
The GYA trumpeter swan population has ) .
. : : the winter of 1988-89, about 100 swans died
fluctuated dramatically and declined in recent

years to the levels of the 1940s. Areas inside”" the Henrys I_:ork as a result of ice formation
. ) . on the river, which was due to low water flow
and outside Yellowstone National Park provide

habitat for both resident and migratory swansanOI unusually low temperatures (Gale 1989; T.

One theory for the decline is that traditional McEneaney, Yellowstqne National Park,
o . rRersonal communication).

migration patterns and knowledge of importa

winter and spring habitats were lost as the

species neared extinction. Another theory is

that the swan population never migrated out of Trumpeter swans begin breeding between 3

the GYA in large numbers. As a result, virtu- and 6 years of age (most commonly at 4 or 5

LirFe HisTORY
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years). They return to their breeding territoriesf humans during the winter months, but
between February and late May. Most pairs display reduced tolerance as spring ap-
remain together year-round and bond for life. proaches, and they are preparing to migrate or
The female normally lays between 4—6 eggs breed (T. McEneaney, Yellowstone National
and incubates them for 33-37 days. The youRgrk, personal communication; Shea 1979).
hatch around late June and are precocial (the@bservations by Shea (1979) indicated that
are mobile, downy, follow parents, and find swans on the Madison River showed more
their own food). The time from hatching to  tolerance to winter recreationists than did
fledging ranges from 91-119 days. Cygnets swans on the Yellowstone River. Swans win-
remain with their parents through their first  tered on the Madison River within 55 yards of
winter (Ehrlich et al. 1989, Gale 1989). the road, which had heavy snowmobile traffic.
Trumpeter swan winter habitat is associ- Swans often retreated when visitors stopped,
ated with open water, especially along the  but continued to feed. Swans on the Yellow-
Henrys Fork River and the thermally influ-  stone River generally reacted to recreationists
enced waters of Yellowstone National Park. by swimming farther out from shore (Shea
Winter habitat must provide extensive areas 0£979). Swans at Harriman State Park in Idaho
ice-free open water where aquatic plants are had a more pronounced reaction to human
available (Gale 1989, USFWS 1996, Banko disturbance; when approached by a person on

1960). skis or snowmobile, swans broke into flight,
often moving several miles to another stretch
NESTING HABITAT of the river (Shea 1979).

Breeding habitat is usually freshwater,
especially the emergent vegetation onthe  PoTeENTIAL EFFECTS
margin of ponds, marshes, and lakes; however,

brackish waters and slow-moving oxbows may SW:: gr?snsr(ia:lvaggg ef;?gz tlrneg]ri %KVC\S o
be used. Nests are surrounded by water and °Co> uring adequ

built of aquatic and emergent vegetation, dowaOtﬁ cg_rtlgtarll\? e?zancrllr&gbrrles(t;nrg arr.': wm;ir(;ns
and feathers. Nests are often built on muskraf'9 @Pitat. Nestinga ood-rearing se
re critical times for swan survival and produc-

houses, beaver lodges, or small islands. TrurﬁfOn Disturbance by humans can have neda
peters generally use the same nest site for : u yhu 9

tive effects on trumpeter swans and other
several years (Banko 1960).
Breeding territory in the GYA ranges from waterfowl. Henson and Grant (1991) note that:

25-37 acres and generally coincides with the
size of the nesting lake. At Red Rocks Lakes
National Wildlife Refuge in Montana, breeding
territories average 32 acres. Breeding pairs
exclude other trumpeter swans from their
territories during the nesting and brooding
period (USFWS 1996, Reel et al. 1989).

... disturbance can affect productivity in a

number of ways including nest abandon-

ment, egg mortality due to exposure,

increased predation of eggs and hatchlings,

depressed feeding rates on wintering and

staging grounds, and avoidance of other-

wise suitable habitat.

HumAN ACTIVITIES In winter, problems occasionally arise
Swan tolerance for people varies by seasamhen recreationists approach swans too

and situation. Swans seem to be more toleraalosely. This kind of activity can lead swans to
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become habituated to humans, which may M ANAGEMENT GUIDELINES

make them more prone to predation or roadkill.

It can also lead to flushing swans from open
water, resulting in increased energy require-

ments and a loss of energy reserves essential to

surviving the winter and hatching and rearing .
young. The effect is exacerbated by the num-

ber of times a swan experiences disturbances.

Aune (1981) found that swans appeared to
become habituated to moving snowmobiles,
but that they fly or swim away upon approach
by foot or ski or when a snowmobiler stopped:
Aune noted that, in general, animals function
best in a predictable environment. Groomed
routes, both for snowmobilers and skiers,
create a more predictable environment.

High cygnet mortality prior to fledging can

Designating snowmobile and ski trails
away from open waters used as winter
habitat by swans can mitigate winter
recreational impacts on the birds.

Special restrictions may need to be imple-
mented on open-water snowmobiling in
areas that swans routinely use for feeding.
These measures would reduce the energetic
expenditures resulting from disturbance.
Some concern has been raised about the
effects of snowmobile noise on swans. At
this time, no information is available on
this subject.
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ErFFecTts oF WINTER RECREATION ON VEGETATION

owmobile, snowcoach, cross- SoiL TEMPERATURES
Sountry and telemark ski, snowshoe, Soil temperature can also be affected by

nd dog-sled activities occur snowmobile compaction of snow. Wanek
throughout the winter and spring in the GreatéLl971, 1973) and Wanek and Schumacher
Yellowstone Area (GYA). These activities (1975) observed that surface soil temperature
occur on designated and/or groomed trails or aisder compacted snow was erratic and con-
dispersed activities. Snowmobile activities stantly lower than under uncompacted snow.
often occur on constructed dirt and paved  Soils in the areas where snowmobiles traveled
roadbeds. However, damage to vegetation hasawed later than where snowmobiles did not
been observed in the GYA that is caused by travel (Wanek and Schumacher 1975). This
winter recreational activities that occur off-  resulted in subsequent deep freezing that could
trail. For example, branches of willowSglix  affect the survival of many vegetative species.
spp.) and sagebrusArtemisiaspp.) have been Wanek and Schumacher (1975) found that a
broken, and leaders have been removed fromlarge number of perennial herbs having subter-

conifers. ranean organisms were subject to intracellular
ice crystals which caused tissue dehydration.
PoTenTiAL EFFECTS Soil bacteria, essential to the plant food cycle,

Th i< little inf i iable d were reduced 100-fold beneath a snowmobile
ere is little information available de- track (Wanek 1971, 1973).

scribing the ecological effects of snowmobiling
and other winter recreational activities on v
EGETATION

vegetation. Research cited was completed in Snowmobile activities damage vegetation

the 1970s and focused on assessing the imp&b‘ﬁsand along trails and in dispersed sites. The

o:]snowm_o b_|Ie use on vegetation and snow most commonly observed effect from snowmo-
characteristics in Minnesota and Canada. biles was the physical damage to shrubs,
saplings, and other vegetation (Neumann and
Merriam 1972, Wanek 1971, Wanek and
Schumacher 1975). Neumann and Merriam
(1972) observed that compacted snow condi-
tions caused twigs and branches to bend

Snow COMPACTION

Snowmobile activities create trails as the
vehicle compacts the snow. Other winter
recreation activities also have the potential to

Increase snow compgctlon depending on the sharply and break. Stems that were more
intensity of the activities. One traverse over liable bent and sprang back although the

uzd_lrstz;]tq)egtsnow cllover dcan affec} thte p\l‘/]\)//SIC lnowmobile track often removed bark from the
environment as well as damage plants (Wane ems’ upper surfaces. Neumann and Merriam

ﬁ97l)t.\NC?mt[:r)]actet(J_I SNow was dcalcﬂlaiﬁd to (1972) found that rigid woody stems up to one
ave two to three imes more density than .-, in diameter were very susceptible to

unggmpt)gt_:ttedfsnow n ?a:jnada. TherTfI7 damage. Stems were snapped off in surface-
conductivity of compacted snow was 11. packed or crusted snow.

times greater than uncompacted snow
(Neumann and Merriam 1972).
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Snowmobiles often run over trees and bile trail. This could potentially reduce the
shrubs tearing the bark, ripping off branches, diversity of plants species available and/or
or topping trees. In some trembling aspen reduce the quantity of available forage and the
(Populus tremuloidgsareas, populations duration of forage availability for wildlife
increased after snowmobiles disturbance.  during the spring.
Deciduous trees that sucker may increase at
first but then may decline if snowmobile ErosION
activities remove the sucker shoots for several Snowmobile activities may indirectly
successive years (Wanek and Schumacher contribute to erosion of trails and steep slopes.
1975). Studies (Neumann and Merriam 1972If steep slopes are intensively used, snow may
Wanek 1971, 1973) indicated that conifers  be removed and the ground surface exposed to
differed in tolerance of snowmobile traffic, andextreme weather conditions and increased
that pine specie®(g, Pinus contortawere erosion by continued snowmobile traffic. The
less susceptible to damage than spruce specisme results could occur when snowmobiles
(e.g, Picea glauca Wanek and Schumacher use exposed southern exposures. Because
(1975) found that young conifers were severegompacted snow generally takes longer to
damaged by minimal snowmobile traffic. melt, trails are often wet and soft when the
Depth of snow accumulation was the greatestsurrounding areas are dry. Consequently, these
factor contributing to snowmobile damage to trails are susceptible to damage by other users
conifers. Deeper snow tended to protect someuring the spring (Masyk 1973).
species and age classes. In the GYA, the Potential Opportunity
Herbaceous and woody plants exhibited Areas in which vegetation is most affected
varying responses to snowmobile activities. include:
Most species were vulnerable to physical
damage by snowmobiles. Twigs and branches (4) Groomed motorized routes

of shrubby cinquefoilRotentilla fruticosa (5) Motorized routes

were broken more readily than aspen and (6) Backcountry motorized areas
buffalo berry Elaeagnus canadengisSome (7) Groomed nonmotorized routes
species increased while others decreased in (8) Nonmotorized routes

number. Masyk (1973) found that productivity  (9) Backcountry nonmotorized areas

of grasses may be reduced in areas of snowmo- (10) Downhill sliding (nonmotorized)

bile use. Wanek and Schumacher (1975) found

that snowmobile activities set back the growthV] ANAGEMENT GUIDELINES

of some fast growing trees that normally would

shade out some shrub species. Therefore, ) .

heliophytic shrubs proliferated. OT cumglgpve factors. Th_e |mpac_t of snowmo-
In bog communities, snowmobile activitiesb'le. actl\{ltles_on the thS'Cal environment

can result in frost penetrating more deeply, varies W'th. winter ?‘e"e”t.y’ the depth of Show

thereby delaying the spring thaw. Herbs and accumulation, the intensity of snowmaobile

. o . traffic, and the susceptibility of the organism to
shrubs in these areas may exhibit population . 7 .
Y Pop jury (Wanek 1973). Activities occurring on

declines. Bog shrubs are highly susceptible ! . )
physical damage (Wanek 1973). Loadbetla_ltsﬂandﬁ(mtost Ilkely)t t;glls arethprobably
Early spring growth of some species may aving fittie afrect on vegetation as the areas

be retarded or may not grow under a snowmor€ already compacted or disturbed. Effects of

Adverse effects to vegetation are the result
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snowmobile activities on off-trail vegetation
should be assessed at a landscape level.

Management or restriction of snowmobile

. 1973. Ecological impact of
snowmobiling in Northern Minnesota.
Pages 57-7 Snowmobile and off-road

activities should be considered in areas where vehicle research symposium proceedings.

forest regeneration is being encouraged as

deformation of growth patterns was observed

Technical Report Number 9. Department
of Park and Recreation Resources, Michi-

in conifers where leaders had been removed by gan State University, Lansing, Michigan,
snowmobile activities (Neumann and Merriam  USA.

1972). Management or restrictions should alss——, and L. H. Schumacher. 1975. A
be considered in fragile or unique communi- continuing study of the ecological impact
ties, such as riparian and wetland habitats, of snowmobiling in northern Minnesota.
thermal areas, sensitive plant species habitat, Final report for 1974-75. State College,
and areas of important wildlife habitat, in order Bemidji, Minnesota, USA.

to preserve these habitats.

PREPARED BY:

J. T. Stangl, Wildlife Biologist, U.S. Forest
Service, Gallatin National Forest, West
Yellowstone, Montana, USA.
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ErFFecTs oF DEvELOPMENT ON WILDLIFE

variety of impacts on wildlife and their dously (Glick et al. 1991), and nearly one-third

habitats. The effects of development of the region’s private acres have been subdi-
may act as additional adverse impacts to vided (Rasker and Glick 1994). As more
wildlife populations already affected by humaipeople settle in the area, existing roads are
activity. This may be important during winter increasingly unable to accommodate the larger
when many wildlife populations are already volumes of traffic, and roads are often widened

I ncreasing human development has a on rural private lands has increased tremen-

nutritionally and energetically stressed. or new roads are built to link areas of develop-
The term “development” is most frequentlynent and use (Glick et al. 1998). The region’s
used in reference to new home-building: increasing population also contributes to

subdivisions, ranchettes, and second homes.increasing human use of the region’s natural
While this activity is possibly the most impor- areas. For example, an estimated 25 percent of
tant factor affecting western wildlife, other  all visitors to Yellowstone National Park in

types of development impact wildlife and 1990 were residents of the surrounding three
habitats as well. For example, conversion of states (National Park Service 1998).

former wildlife habitat to agricultural use or

livestock grazing land where wildlife is ex- GENERAL IMPACTS OoF DEVELOPMENT
cluded and the construction of new roads or thg, \W . pLIFE

expansion of existing road networks that create

unsuitable habitats for wildlife are both types PIRECT MORTALITY
of development that may have important Many human uses of developed landscapes

consequences for wildlife. Development, ~ &re incompatible with wildlife use or presence
therefore, can be defined as any human activj?d may result in direct mortality of wildiite
that permanently reduces or removes habitat that attempt to occupy those areas. Ungulates
that is currently available to wildlife. attempting to use historic winter range that has
been converted to grazing land or agricultural
use may not be tolerated because they compete
with livestock for forage or cause damage to
crops. Consequently, hunting seasons and/or
Although more than 80 percent of the areas may be designed to eliminate wildlife
Greater Yellowstone Area (GYA) is in public from those areas, or wildlife may be killed in
ownership, the approximately 20 percent of th&pecial management actions. Large carnivores,
area that is in private ownership (about 3 such as bears and wolves, are generally not
million acres) contains some of the area’s mostlerated in proximity to areas of human
important wildlife habitats. These lands habitation or use. Collisions with vehicles may
include ungulate winter ranges, riparian areasalso be a significant source of mortality for
and wetlands (Harting and Glick 1994). Sincesome wildlife populations. Between 1989 and
1990, the region has experienced an overall 1995, an average of 117 wild animals were
growth rate of 12 percent, with some countieskilled annually in vehicle collisions in Yellow-
experiencing growth rates as high as 50 percetdne National Park (Gunther et al. 1997).
(Glick et al. 1991). As a result, home-buildingSevere winters may increase the number of

DEVELOPMENT IN THE GREATER
Y ELLOWSTONE ECOSYSTEM
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road kills when wildlife seek lower elevation, degraded or lost (Wilcove et al. 1986, Dunning
low-snow areas, which are where roads tend &t al. 1992). The ability of individuals to
be built. Many animals also use roads and recolonize areas or supplement declining
groomed trails as travel corridors when snow populations may be lost when habitat connec-
becomes deep and restricts movement. Duritigns between sub-populations are degraded or
the last ten years more than a dozen animalssevered (Wilcove et al. 1986). Because of
including bison, coyotes, elk, and moose, havihese factors, populations in isolated natural
been killed in collisions with snowmobiles in areas tend to be small (Wilcove et al. 1986,
Yellowstone National Park (M. Biel, Yellow- Dunning et al. 1992). Small population size
stone National Park, personal communicationand lack of habitat options generally result in a
lowered ability to withstand disturbance or
RepucTioN oR ELIMINATION OF WINTER natural environmental fluctuations and can
RANGE result in local extinction of wildlife popula-
Most ungulate species in the Rocky Mountions (Wilcove et al. 1986).
tain West rely on distinct summer and winter
ranges, taking advantage of seasonally avail-DisTURBANCE
able forage at higher elevations during the Increasing numbers of humans present in
summer and returning to areas of lower snowthe region have meant an increasing amount of
accumulation during the winter where there ishuman activity in areas used by wildlife.
greater access to forage. These low-elevatiotHuman activity may prevent some wildlife
winter ranges, however, tend also to be favoregpecies from taking advantage of foraging
by humans for settlement, agriculture, and  opportunities within their home ranges, even
road-building (Glick et al. 1998). Human where habitats remain intact. Green (1994),
occupation of winter home ranges may lead téor example, found that roads and traffic in
decreased reproduction or increased mortalityrellowstone may diminish or prevent bear use
of ungulates that traditionally use those areasof some winter-killed ungulate carcasses.
by decreasing the amount or quality of forageDisturbance that occurs in winter or other
or by increasing disturbance levels (Mackie periods of energetic stress can be of particular
and Pac 1980, Houston 1982, Smith and concern. During the winter, many animals
Robbins 1994). Because ungulates tend to reduce their activity, and therefore energy
concentrate in areas of limited size during theexpenditure, to compensate for reduced energy
winter, loss or degradation of even small intake, a result of limited quantity and quality
portions of winter range have consequences faf available forage (Telfer and Kelsall 1984).
greater than loss of similarly sized portions ofAune (1981) found that elk, bison, mule deer,

summer range (Mackie and Pac 1980). and moose in Yellowstone National Park
developed crepuscular activity patterns and

FRAGMENTATION OF HABITATS AND showed altered patterns of movement and

PopPuULATIONS habitat use in response to winter recreationists.

Development frequently has the effect of Behavioral and physiological responses to
fragmenting formerly large or widespread continuing harassment in the form of noise or
populations into smaller sub-populations certain types of human presence can shift an
isolated from one another to varying degrees.animal’s energy balance so that more is ex-
Fragmentation may also mean that connectiopended than is taken in, which results in
to supplemental habitats or seasonal ranges are
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decreased survival or reproduction success area in the early part of this century, human

(Anderson 1995). occupation of elk winter range contributed to
the death by starvation of thousands of elk in
OTHER ImMPACTS the valley (Anderson 1958, Robbins et al.

In addition to the examples listed above, 1982). Actions taken to mitigate for human
development can have a variety of other im- usurpation of winter range, however, have
pacts on wildlife. Subdivisions, agricultural created other problems and led to complex
areas, clearcuts, or roads can block migrationmanagement issues requiring often controver-
or movement routes, resulting in the inability sial solutions.
of animals to reach important habitat compo-  In 1912 Congress set aside a portion of the
nents such as breeding or nesting areas, searemaining valley bottom as the National Elk
sonally available forage, or refuges from Refuge, and in the 1950s winter feeding of elk
predation or disturbance (Wilcove et al. 1986,0n the refuge and on other state-run
Dunning et al. 1992). Development can alter feedgrounds in Wyoming became policy
habitats making them more favorable for (Anderson 1958). Because the available winter
generalist species that out-compete specialistange is restricted in size and the feeding
in their former habitats. White-tailed deer, forprogram was designed to maintain a relatively
example, appear to be replacing mule deer ndagh elk population, a sometimes controversial
developed areas in the Gallatin Valley (Vogel hunting program designed to control the size of
1989). Although attempts have been made inthe elk population was necessary (Smith and
recent years to restore the role of fire in natur&obbins 1994). Maintaining a large number of
areas, the presence of nearby human develoglk in a geographically restricted area has also
ments means that fire suppression will con- contributed to the continued presence of
tinue on large portions of many protected brucellosis in the herd (Thorne et al. 1991).
areas. Long-term fire suppression leads to Brucellosis in cattle has been the subject of an
changes in vegetation, which may impact intensive state and federal eradication program,
wildlife in diverse ways (Houston 1982). and the presence of tBeucella abortus
Ground disturbance by humans has increasetbacteria in wildlife in the GYA has been the
the presence and distribution of various specisgbject of much controversy in recent years,
of exotic vegetation that may out-compete  complicating management of both bison and
important native forage species. Cheatgrass elk.

(Bromus tectorum for example, has invaded Elk in the northern portion of the GYA do
large portions of western rangelands. While not present such perplexing management

this species greens early and may be of somgroblems, but are nevertheless faced with
spring forage value to ungulates, it may ulti- decreasing availability of winter range. His-
mately reduce the availability of winter foragetorical accounts indicate that large numbers of
by out-competing other, later maturing specieslk wintered in the Yellowstone River valley

(Houston 1982). north of Gardiner, Montana, and summered in
the mountain ranges north of the park (Hous-
IMPACTS TO INDIVIDUAL SPECIES ton 1982). Settlement and agricultural devel-

opment in the valley bottom have reduced the
ELk . .
number of elk that are year-round residents in

Humans are increasingly occupying elk . : :
. : this area to slightly more than 1,000 animals.
winter range in the GYA. In the Jackson Hole gnty
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These animals winter along the margins of théor all or part of the year. Because of the
valley (Houston 1982). In recent years, rangeconcern that infected or exposed bison could
expansion of the northern Yellowstone elk herttansmit brucellosis to cattle (Thorne et al.
during the winter has been of some concern t@991) and because bison may compete with
wildlife and land managers (T. Lemke, Mon- cattle for forage or destroy fences or other
tana Fish, Wildlife and Parks, personal com- private property, a very complex and controver-
munication) and private landowners. During sial set of management plans and policies have
some winters, elk use both public and private evolved for Yellowstone’s bison.
lands designated for summer livestock grazing, Bison from Grand Teton National Park
lessening the forage available to cattle. In  migrate to the National Elk Refuge and take
severe winters, elk often depredate winter hayadvantage of the winter feed provided for elk.
stores on private lands in the valley bottom. Both elk and bison on the refuge have been
Any factors decreasing the quality or availabilexposed to brucellosis, and concerns exist
ity of the winter range on public lands and  regarding potential contact between bison and
protected areas will only increase the magni- nearby cattle (Thorne et al. 1991). The result,
tude of these problems and increase pressuress in Yellowstone, is a controversial manage-
on the elk population. ment scenario that continues to be the subject
of debate and discussion.

Bison
Bison management in the GYA has been MuLe Deer
the subject of major controversy, largely Mule deer populations in portions of the

because both the Yellowstone and the JacksoB YA have declined dramatically in recent

bison herds have been exposed to brucellosisrears, and human development on winter range
Brucellosis is a disease of cattle that has beemay be a contributing factor. Mule deer

the subject of an intensive state and federal numbers declined as subdivisions and human
eradication program since the 1930s. Becausetivity increased on historic winter range
neither Yellowstone nor Grand Teton national northeast of Bozeman, Montana (Mackie and
parks encompass a complete ecosystem for Pac 1980, Vogel 1989). Individual mule deer,
most ungulates, including bison (Keiter 1991)particularly adult does, exhibit a high degree of
animals migrate out of the parks in the winterfidelity to the same seasonal home ranges
Historically, during severe winters, Yellow-  (Garrott et al. 1987, Mackie and Pac 1980).
stone bison probably migrated to lower eleva-Because of this, it has been estimated that loss
tion winter ranges in the Yellowstone River  of one square mile of primary winter range
valley north of the park (Meagher 1973) and, along the foothills of the Bridger Range could
possibly, also to winter ranges in the Madisonresult in loss of up to 30 percent of the south-
Valley. The bison population in Yellowstone ern Bridger Range mule deer population

was driven to near-extinction by the beginningMackie and Pac 1980). Disturbance associ-
of the twentieth century (Meagher 1973), andated with increased housing development may
during the subsequent decades when the  cause deer to become more nocturnal (Vogel
population was recovering and heavily man- 1989, Dasmann and Taber 1956). This shift in
aged, most of the historic winter range outsidactivity pattern could increase energetic de-

the park boundary was settled and developedmands on deer and other animals during winter
by humans. Much of the land adjacent to thewhen they are nutritionally and energetically
parks is used for cattle grazing and ranching stressed by causing them to forage during
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colder and more severe nighttime weather movement (Doug McWhirter, personal com-
(Aune 1981, Vogel 1989). munication).

Impacts may differ between migratory and
resident herds. Nicholson et al. (1997) foundM ip-Sizep CARNIVORES (MARTEN, LYNX,
that migratory mule deer are much more AND WOLVERINE )
vulnerable to human disturbance than are Mid-sized carnivores, such as marten, lynx
resident animals. This may have serious and wolverine, are particularly vulnerable to
implications for other migratory ungulates as the effects of habitat fragmentation. The
well, including elk that migrate in and out of current presence and distribution of lynx and
Yellowstone and Grand Teton national parks. wolverine in the GYA is likely influenced by

development and habitat fragmentation that is

PRONGHORN the result of logging and road-building. The

The northern Yellowstone pronghorn herd,patches of habitat remaining may not be of
at present numbering roughly 250 animals, issufficient size to guarantee an adequate prey
remnant of a population that historically base to sustain populations of these species
occupied the Yellowstone River Valley betwee(Buskirk and Ruggiero 1994, Lyon et al. 1994).
Gardiner and Livingston, Montana (Barmore The quality of smaller habitat patches may also
1980). This herd may have been contiguous be degraded as a result of influences from edge
with pronghorn populations farther eastin ~ species and other disturbances occurring at or
Montana. Pronghorn were eliminated south afear patch boundaries (Wilcove et al. 1986).
Livingston prior to 1920 (Skinner 1922, Marten, and to some extent lynx, require
Nelson 1925). Consequently, the Yellowstonesignificant amounts of late successional stage
pronghorn population is isolated. Itis esti- (old-growth) forest components in their home
mated that the herd has approximately 18 ranges (Buskirk and Ruggiero 1994, Lyon
percent chance of extinction in the next 100 et al. 1994). The appearance of early succes-
years (Goodman 1996) because of its small sional stage vegetation and structure in a
size and complete isolation from other prong-mature forest that is a result of logging or
horn populations. Currently, pronghornin  subdivisions combined with easier access via
Yellowstone have limited access to private  summer roads or groomed snowmobile trails
lands north of the park boundary and, there- may increase the number of generalist preda-
fore, little buffer against severe conditions thators, such as bobcats and coyotes, that compete
occur at times within the park. Severely with marten, lynx, and wolverine (Lyon et al.
limited winter range may have contributed to 4994). Dispersal and migration of marten may
recent decline in numbers in this population. be largely dependent on the presence of

The Jackson Hole segment of the Sublettdeavily vegetated riparian areas or connected
Antelope Herd may be at risk from develop- patches of mature forest (Lyon et al. 1994).
ment. This population segment exhibits Development of any kind may alter or remove
seasonal migrations from Grand Teton Na- these corridors, isolating populations, decreas-
tional Park south to Interstate 80 near Rock ing stability of the prey base (Buskirk and
Springs, Wyoming. Oil and gas developmentRuggiero 1994), and increasing vulnerability to
on critical winter ranges of these antelope, environmental pressures. Disturbance by
coupled with increasing pressure on naturallyhumans is of concern during winter, when
restricted migration corridors, threatens such small prey that is utilized by martens may be
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less available because of snowcover (Buskirktotal amount of prey or carrion biomass avail-
and Ruggiero 1994). Woody debris allows able to them.

marten to access prey beneath the snow surface

(Buskirk and Ruggiero 1994), and its loss ~ OTHER SPECIES

along with the compaction of snow by vehicles Little is known about the several owl

may have negative impacts on marten populaspecies inhabiting this region (Holt and Hillis

tions by decreasing available food. 1987), but owls may be particularly vulnerable
to disturbance during winter when prey species
L ARGE CARNIVORES are less vulnerable due to snowcover. Guth

Grizzly bears in the GYA are effectively (1978) found that bird density and diversity
isolated from other populations. Maintenancancreased in developed sites, but that the
of a stable or increasing bear population species present represented a greater percent-
depends solely on reproduction by resident age of common and widespread species;
females (Knight and Eberhardt 1985). Most several rare forest species were absent. Am-
grizzly bear deaths in the GYA between 1973phibians, reptiles, small mammals, and fish are
and 1985 were human caused (both legal andikely to be affected indirectly and more subtly
illegal) and were clustered around gateway by development and recreation than large
communities or other developments near mammal species (Cole and Landres 1995).
Yellowstone National Park. Various attractantBmpacts to these smaller species, however, may
such as garbage, orchards, and outfitter camgsve long-term impacts to overall wildlife
tend to draw bears into conflict situations withcommunity structure and function by altering
humans, frequently resulting in bear mortalityprey base, plant community dynamics, and
(Herrero 1985, Knight et al. 1988). Develop- animal distribution (Gutzwiller 1995).
ments can function as population sinks for
bears and other animals, potentially creating & ANAGEMENT GUIDELINES
drain on already stressed populations.

Humans are responsible for most mortali-
ties experienced by the newly reintroduced
wolves in the GYA (Phillips and Smith 1997).
Deaths occurred by collisions with vehicles,
poaching, or management removals following
wolf depredation on domestic livestock. De-
velopment on the borders of Yellowstone puts
wolves in jeopardy if they travel outside of
protected areas.

Factors that stress ungulate populations,
and thus increase their vulnerability to preda- : . .
tion or other types of mortality, may benefit and reducing quantity or quality of forage

large carnivores and scavenger species in theoPECIEs, carry partlcular |mpa_19ts during the
winter when animals are nutritionally and

short-term. However, if such factors lead to a . .
energetically stressed. In view of these obser-

long-term reduction of the ungulate popula- tions. the followi dati
tions, carnivore and scavenger species may pettions, the Toflowing recommendations may

adversely affected through a reduction in the

It has been stated that a critical role of
parks and other protected natural areas is to
compensate or correct for the influence of
modern man on ecosystem processes (Houston
1982). Few wildlife populations in the GYA
are restricted entirely to protected areas (Keiter
1991), however, and protected areas are also
subject to pressures accompanying develop-
ment. Many effects of development, such as
removing winter range, blocking migration
routes, disturbance caused by human activity,
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help to reduce or mitigate the impacts of
development on wildlife:

* Minimize future development and, where
possible, reduce current levels of develop-
ment and their concomitant impacts in
natural and protected areas.

* Place any necessary new developments
within or immediately adjacent to existing
developments so that human impacts are
clustered, allowing larger portions of
relatively pristine habitat to remain intact.
The location of future and existing activi-
ties and developments should be carefully
considered to avoid disturbing or removin
important habitat components.

* Intrusive, noisy, or otherwise potentially
disturbance-causing human activities
should be avoided during the times of yea
when wildlife populations are already
under severe environmental and/or physi-
ological stress. Winter is a critical stress
period for ungulates, and birthing/nesting
time is critical for a wide variety of species

» Cooperation among adjoining land man-
agement agencies and with landowners
adjacent to protected areas should be
strengthened so that habitats spanning
more than one jurisdiction are managed or
conserved as intact systems.

* Where possible, ungulate winter range
should be protected or access acquired for
wildlife to mitigate for existing develop-
ment levels.

* Research and monitoring programs on a
wide variety of species are vital to accom-
plishing most of the recommendations
above. Information on seasonal habitats,
migration routes, nesting or birthing sites
and areas, and timing of animal activities
are necessary in order to avoid significant
impacts of development on wildlife popula-
tions.
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ENErRGETIC CosTs oF WILDLIFE DispLACEMENT BY WINTER
RECREATIONISTS

often function at an energy deficit and induce variability in the responses of
during the winter months. Snow animals are discussed along with energetic
impairs their access to food, increases the implications.
energy cost of gathering the food, and in-
creases the cost of locomotion. Because platM ecHANISMS OF RESPONSE
growth has stopped, except in thermal areas,
the food value of plants is often low unless th(.§ENSORY LINKS TO HUMAN INTR.US'ON .
animal has access to points of energy storage . The response of animals to mtru_ders begins
such as buds. Snow characteristics and deptW'th the Sensory envelc_;pe Qf the animal. The
are controlling influences upon the winter Major Senses '”"0"’?0‘ in this response are
distribution of plant-feeding animals. In the those of sight, olfa_ctlon, and hearing. Each of
northern Rocky Mountains, limited winter these senses has its own threshold, character,
and pattern of response that may vary between

access to food has led to the selection of the different . I bet n th
species that have an enhanced ability to store © aifrerent species as wefl as between he

energy. This energy store provides a large different populatio_ns of eac_h species. Or_le of
proportion of the energy necessary to carry oﬁEe concepts that_ls of use in understanding
animal functions through the winter. The restt ese responses is the \_Neber-l_:echner law of
of the energy must be gathered from winter psychosensory perceptlpn. This rule demon-
range areas. A consequence of the limited strates that a sensory stimulus must change by

energy stores and limited food availability is a fixed _prthor;u:)hn mt_ordtler fohr an ?]nlmalo'lto Thi
that disturbance of animals by winter recognize that the stimulus has changed. IS

recreationists may result in increased energy IS (\:/?/”Ed tr::e J#St nOt'Ce?blf w&rencfgé‘]zND)
expenditure with adverse effects upon the CF); o? I(Ier-t elc 123700%5 ant (Withers ¢ t'h
survival of the animal, its ability to give birth andaii et a. ). Some responses to these

to and raise viable offspring, and the mainte- sensory stimuli, such as moving or changes in

nance of the social dynamics of the populatioR.OSture’ have energetic implications. Other

At the same time, winter recreation produces responsest, EUCh as cha?ggs 'T. het‘?‘” rat%_may
packed snow travel routes that may enhance f\r mayhno ach? eIEerrge 'Cn'(;ntp 'ﬁar'nonns' th'gt'
energy conservation by the animals. Such orn sheep and €elk respond to humans tha

trails include the single-file trails produced by approach to within 55 yards by INcreases in

: : . heart rate (MacArthur et al. 1979, Cassirer and
the flight of animals disturbed by bles 1990). B i Ut |
recreationists, cross-country ski and snowsho'f‘é‘nets. 0 ft)h ?rcakuse (ia:n'acfotﬁ pu ftr‘?‘l
trails, and groomed road and trail systems unc KI)I ° h ehs Ort? \:O u ne'no ; € ve_n hIC eri
provided for snowmobile use. as well as the heart rate, an increase in nea

To provide guidelines for the managementrate does not necessarily mean an increase in

of winter recreationists so that undue depletio?‘larOIIaC output nor does it always mean an

of the energy supplies of Yellowstone herbi- mcgr)(;ase in energy consumption (Ganong
vores can be avoided, it is necessary to analy%% )-
animal response to humans at the individual

I Ierbivores (plant-feeding animals) level and the group level. Factors that affect
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Vision is a major sense for most animals, Smell or olfaction is an important sensory
although it may be less important in relative element for mammals. Odors can be carried
terms to them than it is to humans. The JND some distance by air currents and may be
for vision is typically about 0.14, meaning thatabsorbed on snow and vegetation. Olfactory
stimuli must change by 14 percent in order fosensing of chemical odors has a high IND
the change to be detected. The range at whig¢about 0.3) indicating that only fairly substan-
wild, large mammals typically show some sortial changes in odor can be noted. The deposi-
of avoidance or suppression of activities is  tion of olfactants on snow and plants has the
typically about %2 to 1 mile in open, relatively potential for extending sensory responses for
flat terrain (Ward et al. 1973, Lyon et al. 1985considerable periods of time. Accommodation
Cassirer and Ables 1990). This zone of visualo odors occurs rapidly, and mammals do not
interference of use is reduced at night and appear to show avoidance of snowmobile
under conditions of vegetative cover density pollution in the snow (Aune 1981). Thus, the
and height that block vision. An energetic  persistence of snowmobile pollution does not
implication of this is that use of the winter seem to be an important factor affecting ener-
range in this zone of relative exclusion is getics. Accommodation to one odor does not
reduced to about half its normal level (Lyon necessarily mean suppression of the ability to
et al. 1985). Bighorn sheep, in some circum-detect others. Thus, the olfactants deposited by
stances, tolerate closer intrusion, which is ~ snowmobiles (Aune 1981) are unlikely to
probably related to both the limited nature andnterfere with the detection of predators by
greater security furnished by their rough and odor. Sensitivity to individual odors varies
broken habitat. The habituation state of the widely and differs between species. While
animals also affects their response and will b@lfaction is an important communication
discussed later. While partial color vision haspathway, it appears to be unimportant in
been demonstrated in some non-primate triggering highly energetic behavior after the
mammals, it has not been conclusively demomut is over but, like hearing, may reinforce
strated in most mammal species. (Experimentsual response (Cassirer and Ables 1990).
on color vision, properly controlling lumi- Hearing has a JND of about 0.15. While
nance, saturation, and brightness at all visibleseveral studies (Dorrance et al. 1973; Ward
light wavelengths, are difficult to do and have 1977; MacArthur et al. 1979, 1982; Stockwell
not been accomplished for most park mam- et al. 1991) have focused upon the effect of
mals.) Thus, color does not seem to be of relatively loud noises on animal behavior, it is
importance in triggering energetically expen- often the relationship of a sound to the back-
sive behavior. It is believed that some specieground noise level that is significant. Vegeta-
such as bighorn sheep, have specializations foon is highly effective in absorbing sound
high acuity of vision, while other species exce{Aylor 1971a and b; Harrison 1978). The
at detecting movement. Breaking the visual sound level from an idling pickup truck was
stimulus by crossing a ridgeline or other visuaieasured at 50 db about 90 yards from the
barrier is an important factor in responses to vehicle in an open environment and at 70 yards
disturbance (Dorrance et al. 1973, Lyons et ain a mature forest in the Yellowstone area
1985, Cassirer and Ables 1990) and, thus, caAnderson 1994). Sound levels of 45 to 65 db
be a significant factor in regulating energy  at the point of animal toleration have been
expenditure. reported for snowmobiles in some studies
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(Bury 1978). Better muffling and design havesubpopulation is habituated rather than domes-
reduced snowmobile noise levels since theseticated. Habituation reduces the physiological
studies were done. The berms of snow alongost of dealing with an environmental stressor,
groomed snowmobile trails also tend to absorbut it seldom eliminates the cost entirely. This
and deflect sound. habituation has involved learning to ignore the
The channeling of sound by inversions antarge auditory and olfactory stimulation im-
dense air layers is common in mountain envi-posed by human activities while learning to
ronments. A sound that is not heard near its rely almost entirely upon sight. Visual re-
source may occasionally be carried and per- sponses have been modified to permit human
ceived ¥2 mile or more distant without having intrusion as close as 16—22 yards without
been heard at intermediate distances. Air  eliciting flight behavior.
currents are also important in conveying sound. In the absence of other data, we can use
Cassirer and Ables (1990) observed that windveight and heart rate comparisons between the
blowing toward animals increases movement Lamar and the Mammoth elk to make a mini-
away, suggesting that smell and hearing tendrium rough estimate of the energetic differ-
accentuate the response triggered by vision. ences between the two areas (Cassirer and
Animals may be expected to show some Ables 1990). It appears that the direct energy
response at sudden or erratic sounds of 1 to ost for habituation and its prolonged alert
db in the quiet 30 db environment of a forest status that is required for daily living in Mam-
while requiring higher sound energies to moth is about 2 percent more than the cost of
produce a response if they are in a 60 db living in the Lamar. However, the more acces-
environment along a busy road. Constant noiskle and better forage provided by the green
levels are readily accommodated for and, as lawns of Mammoth results in a net daily
mammal populations on jet airports and energy intake in the range of 67 percent more
airbases (Weisenberger et al. 1996) demon- than that in the Lamar. This gives the Mam-
strate, even predictable loud sounds can be moth elk a net advantage of about 4.5 percent.
ignored by animals. However, unpredictable Year-to-year variations in winter severity
noise can affect range utilization and move- probably have more effect on the Lamar

ments of elk (Picton et al. 1985). animals than on the Mammoth elk. If calf
production differences are included, the net
INDIVIDUAL RESPONSE energetic advantage of the Mammoth elk might

be as much as 8 percent per day during the fall
and winter months. Because this is based upon
Fall calficow ratios, the effects of a higher

The energetic response of individual
animals to human intrusion varies widely. On

guestion that arises in Yellowstone is: where predation rate upon the calves in the Lamar is

SgritgesvgIdbtoodogﬁiﬂgﬁfja?ﬂggﬁurrt'- dr?' not considered. This failure to consider differ-
us subpopu : watlon 1S &, ces in predation would tend to overestimate
physiological process with energetic conse-

s . the energy difference between the two areas. It
quences. Are the elk W'th!n the limits O.f the hould be noted that biological variation
:\f/lf‘hrgmg:g gﬁ\rfézg?aigéwr':d orr] dromfsucattedeuggests that not all individuals in a population

y o » NO ENETGENC COSt Oy 4 ityate equally as well to humans, thus, we
human presence is involved. The chronically

elevated resting heart rates of these animals would expect a population to contain a seg-
. L . ment that habituates easily and another seg-
(Cassirer and Ables 1990) indicate that this y g
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ment that shows more extreme avoidance Early in the winter, snow conditions tend to
behavior. be better under the forest canopy than out in
The travel routes of humans, such as roadfie open. The cold winters of Yellowstone
and heavily used trails, are usually avoided toencourage the ablation of snow from the forest
some extent by animals. A rough estimate canopy to a unique degree (Skidmore et al.
suggests that perhaps 10 percent of the northt994). This process can prolong the use of
ern Yellowstone winter range has had its larggorest cover by the ungulates, which reduces
herbivore-use capacity reduced by 50 percenthe intensity of auditory as well as visual
(Lyon et al. 1985) due to use of the northeastdisturbance and its energetic consequences.
entrance road between Mammoth and CookeThe group size of elk tends to be smaller in the
City. This road is a permanent feature of the timber and their flight distances shorter, which
environment, but the effects of it can be seeniasults in less disturbance impact.
plots of animal distribution along the route. It is clear that the energetic expenditures of
This implies a lost-opportunity cost of perhapsnimals must be considered on the basis of
5 percent of the total energy supply of the  their habituation status and energetic status as
range. Itis unlikely that this “highway” effect well as on snow depth. Calculations were
has reduced the capacity of the Gibbon— performed for each of three different range
Firehole range to the same degree. The natusguations: the Mammoth habituated popula-
of the geothermal range, its topography, high tion, the Lamar population, and the Gibbon—
habituation levels of animals, and the lower Firehole population. Estimations were calcu-
energy statuses of the animals tend to reducdated for a 590 Ib. adult elk, a 200 Ib. calf elk, a
some of these impacts. 150 Ib. adult mule deer, and a 1,200 Ib. bison
The energetic effects of disturbance are under both early winter snow conditions and
affected by seasonal changes in the energy the dense snow conditions of late winter. The
balance of the animals, snow conditions, and daily activity budget of elk was used as the
distribution as well as annual variation in the activity budget for all of the ungulates (Nelson
conditions. The usual pattern of energy reguland Leege 1982). A density of 0.2 was as-
tion in animals is to expend the energy con- sumed for the early winter powder-snow
sumed in the last meal rather than to consumeonditions, and a density of 0.4 for late winter
energy to replace the energy that has been compacted snow. Comparative calculations
expended since the last meal (Hainsworth  were done for no snow and for snow depths of
1981). Thus, as energy stores drop, the ten- 30 percent and 58 percent of brisket height.
dency to conserve energy increases (Moen These depths were selected on the basis of the
1976), which will lead to a decrease in flight knee (carpel) length (Telfer and Kelsall 1984).
initiation distances upon being disturbed. ThiEnergy expenditures go up at exponential rates
is the general pattern seen in flight initiation when snow depths are above the knee, condi-
distances during the course of a winter. Re- tions that are generally not tolerated by the
search should be conducted to determine if animals. Parameters concerning energy expen-
disturbance of the animals results in increasediture were obtained from Parker et al. (1984)
in the length or frequency of feeding bouts, and Wickstrom et al. (1984). Behavioral
which would suggest some replenishment of responses to disturbances were obtained from
energy stores. If food intake does not increasi&une (1981), Cassirer and Ables (1990), and
a more critical effect upon the animals is Freddy et al. (1986). The energetic expendi-
implied. ture due to changes in the “alert” behavioral
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status of the elk was estimated using Cassirepredictable occurrence and movements of

and Able (1990). The percentages expressectross-country skiers and individuals on foot is
are for a total estimated daily energy budget ad more difficult situation (Bury 1978, Schultz
7,072 kcal. for a 590 Ib. adult elk; 2,861 kcal. and Bailey 1978, Aune 1981, Ferguson and

for a 200 Ib. calf elk; 2,243 kcal. for a 150 Ib. Keith 1982, Freddy et al. 1986).

adult mule deer; and, 11,167 kcal. for a 1,200 For a habituated mule deer, the daily

Ib. bison. The cost of a single flight for a energetic expenditure of a single intrusive
habituated adult elk increased the 7,072 kcal.event is estimated to increase the daily energy
daily energy budget between 3.2 and 7.1 budget of 2,861 kcal. by 2.5 to 5.9 percent. In
percent, depending upon snow conditions, forthe Lamar, responses increased energy expen-
an escape distance of 0.3 mile. The longer ditures 4.7 to 17 percent as compared to a
escape distance of 1.2 miles reported for the range of increase of 1.8 to 2.2 percent for the
Lamar area (Cassirer and Ables 1990) gave Gibbon—Firehole area. The responses of mule
energetic increases of 8.7 to 24 percent on ledeler were based upon the observations of Aune
terrain. If the elk in the Lamar runs uphill for (1981) and Freddy et al. (1986).

60 percent and downhill for 20 percent of the Little information is available concerning
time over a typical escape course (Cassirer atfte energetics of bison. Specific information
Ables 1990), energy costs may increase by 48oncerning bison was obtained from Telfer and
percent over the cost estimated for level terralkelsall (1984) and combined with general

High single-escape costs of more than 10  information covering large mammals in gen-
percent probably could not be tolerated by thesral (Parker et al. 1984, Wickstrom et al. 1984,
elk throughout the entire winter season. Be- Withers 1992). Personal observations suggest
havioral adjustment would probably be made that bison are relatively unresponsive to human
to use slopes with less snow, shorter escape intrusion. Thus, the elk response data from the
distances, or habituation. What might be Gibbon-Firehole was used in the calculations.
perceived as a greater tolerance of the animals single disturbance produces an increase in
to disturbance as the winter season progresselily energy expenditure of 1.5 to 2.1 percent
might, in reality, be the result of these energy more than the 11,167 kcal. daily energy bud-
conservation responses as well as the influenget. The low, late-winter energy levels of bison
of the lower energy status seen in late winter.may increase their tendency to allow close

The much shorter escape distances reported &mproach by humans and increase visitor

the Firehole area may be reflective of the mudtazards.

more marginal energy status of these elk (Pils  Failure to produce viable offspring has
1998) as well as habituation. The overall been suggested as a logical outcome of impos-
energy expenditure of the 200 Ib. calf elk for ing high-energy disturbance stress upon ani-
the various situations averaged about 16.3 mals. In an experimental situation, Yarmaloy
percent more than that of adults. The shorteret al. (1988) reported that it required direct
legs of the calves dramatically increase escapargeting of a specific mule deer with a harass-
costs in deep snow. The number of distur- ing all-terrain vehicle (ATV) repeated 15 times
bances or close encounters necessary to pro{averaging nine minutes each time) during
duce habituation is unknown, but probably  October to induce reproductive disturbance.
exceeds two per day. Habituation to cars or Deer not specifically targeted habituated to the
snowmobiles following highly predictable ATVs with little apparent notice and suffered
paths readily occurs. Habituation to the less no reproductive consequences. No information
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is available to indicate the frequency of disturof a normal daily energy budget by using the
bance throughout the winter by recreationistsgroomed roads. At snow depths of 9.5 inches,
or predators of individuals or individual groupsnore comparable to that seen on the winter

of animals. range, the savings during the December
through March deep-snow period would be
GRrour REsSPONSE about 1.2 percent of the daily energy budget or

ems e . an accumulated 1.4 days for the normal 11,167
Single filing” is a major group response

. ._kcal. daily energy budget. If we postulate a
that affects the energetics of response to wintgh_ ., migratory movement from the Foun-
recreationists and the situations created by

. . tain Flat area to West Yellowstone through 18
them. Single filing reduces the energy costs (?f

. ~ Inches of dense snow, the groomed trail sav-
travel through snow to a major degree. While g

i ill be th ivalent of 1. f th
the parameters of this type of movement hav Ings will be the equivalent of 1.66 days of the

. . ! . ormal energy budget for a 1,200 Ib. bison.
not been defined in the literature, unpubllsheij1 An adult elk has a smaller body size and

tenth animal passes along a trail, the energetlgn

ts will be reduced t the b level f elk under deep, dense snow conditions is
cOstS will be reduced to near the base IeVel 10f i ated at 3.4 percent of the daily energy
locomotory activity. While short-distance

. L budget and 1 percent for the more normal snow
flight movements are often individual, group

. : . conditions of 9.5 inches. The savings under
movements will usually coalesce into single

fles for the | ¢ | dist h . the 18-inch, dense snow conditions would be
es forthe fonger travel distances, SUch as 15,0yt 1.2 days worth of energy, assuming the
seen in the Lamar area.

: , . . conditions persisted for the 121-day December
Of course, the single-file animal trails are

o . ..._through March period or 47 percent of the cost
nqltl the ortl_ly packedftratllf |r_1| the parlﬁ. W,'[lr?l'feof maintaining a pregnancy from conception to
WIT sometimes Use toot tralls as Well as € o ang of March. A 22-mile migration over a
groomed snowmobile trails to facilitate their

) o roomed trail would produce energy savings of
movements. While cross-country ski trails or g P 9y g

: : about 1.1 days for the 7,072 kcal. daily energy
snowshoe trails are usually not attractive to thﬁudget equivalent under the deep, dense snow
large mammals (Ferguson and Keith 1982), ’

d or heavil d ski trail b conditions. The energy savings experienced by
g:':)on:_e (t)r theaw y used skitralls may b€ o shorter limbed 200 Ib. calf elk are esti-
attractive to them. mated at 4.9 percent of the 2,861 kcal. daily

The monthly average snow depths on the

. i f the Firehole—Madi energy budget for the 18-inch, dense snow
various portions ot the Firehole~viadison conditions and 1.5 percent for the 9.5 inch

winter ranges were from 6.5 to 10 inches in th&ow levels. This is equivalent to a gain of

Severe yvinter of 1996-97 (D?‘WGS 1998). In about 1.8 days supply of energy for the 121-
estimating energy consumption, let us assumgay winter period

travel through 18 inches of dense snow, which
is about the maximum tolerated depth based
upon the brisket height of an adult elk and is
slightly more extreme depth for the shorter legs The interaction, if any, between winter

of calf elk and bison. If we further assume thaecreational disturbance of ungulates and

the usual daily activity budget of an ungulate predation is unknown. A range of effects, from
involves 0.6 mile of travel, we can calculate enhancing predation effort by increasing

that an adult bison will save about 4.3 percenenergy depletion and sensory confusion in the

fREDATORs
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ungulates to the use of humans as protective
cover by ungulates, can be hypothesized. The
medium to large predators in Yellowstone have
lower foot loadings than the ungulates and,
thus, can move over the snow much of the
time. This serves to compensate for their
shorter brisket heights. Although usually
regarded as wilderness animals, wolverines
will include clear-cut areas in their home
ranges, and it has been speculated that later
winter snowmobile use might affect habitat use
(Hornocker and Hash 1981). Unpublished
observations indicate that wolverines will use
areas of terrain subjected to moderate uncon-
trolled snowmobile use (J. W. Williams, Mon-
tana Fish, Wildlife and Parks, personal com-
munication). Wolves, foxes, coyotes, wolver-
ines, and lynx are known to use roads and
snowmobile and other trails when traveling
(Neumann and Merriam 1972, International -
Wolf 1992, Ruggiero et al. 1994). The fre-
guency of ungulate disturbance by either
predators or humans is unknown. Avoidance
of areas of intense human use by predators has
also been reported.

M ANAGEMENT GUIDELINES

* Make human use of wintering areas as
predictable as possible. This can be done
by restricting access and the timing of the
access. Preferably, skiing should be re-
stricted to mid-day hours and designated
paths.

* Humans on foot should not approach
wildlife, even those that are habituated, a
closer than 20 yards; preferably, not close
than 55 yards.

» [Escape breaks in the snow berms along
plowed roads and groomed trails should be
made to permit animals to easily leave the
roadway. Crossing a deep snow berm often

causes a brief but intense expenditure of
energy. Animals in late winter condition
may have considerable difficulty in produc-
ing the brief intense energy flow necessary
to meet these demands.

Any winter-use trails in close proximity
(less than 700 yards) to major wildlife
wintering areas should be screened by
routing to put the trail behind ridgelines
and vegetative cover.

Low speed limits should be set on roads
and snowmobile trails, particularly in
winter range areas.

Information, past and future, concerning
snow depths, snowmobile use, and the
reproductive ratios of each species and
each major population segment should be
collected and analyzed for indications of
negative effects on wildlife.

Information on the daily activity budgets
and daily movement budgets of bison are
lacking. This information could give
considerable insight into the impacts of
winter recreation upon this species and
should be collected.

Public information efforts concerning the
winter ecology of animals should be
conducted. Information concerning the
actual frequency of disturbance is desirable
for more definitive estimates of the ener-
getic impacts resulting from winter
recreationists. Information concerning the
interaction of this disturbance with that
produced by wolves is desirable.
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| MPACTS OF TwWO-STROKE ENGINES ON AQuUATIC RESOURCES

aquatic resources directly and gered as populations decrease from human

indirectly. Winter recreation exploitation, environmental degradation, and
affects aquatic organisms mainly by indirect competition and predation from exotic or
impacts due to pollution. Two-stroke enginesintroduced species. While no fish species in
can deposit contaminants on snow, leading tathe Yellowstone area are listed under the
ground and surface water quality degradationEndangered Species Act, the fluvial Arctic
which subsequently may impact aquatic life. grayling, westslope cutthroat trout, and Yellow-

stone cutthroat trout are considered species of

Lire HiSTORY AND STATUS concern in Wyoming, Montana, and Idaho. All
. . ._three species have been petitioned for federal
Fish are important components of aquat'clisting under the Endangered Species Act (50

fCOS¥SteTS and aLe {mportant Iw:_ks motlr;e CFR Part 17), and it has been determined that
ranster ot energy between aguatic an erreﬁ'isting of the fluvial Arctic grayling as endan-

trial e_nwro_nments. _Natlvg and non-native flShgered is warranted but precluded at this time.
aguatic microorganisms, insects, and crusta-

. 4 : Determinations for the other two species are
ceans integrate into a complex aquatic commy-

) ) ending.
nity. In Yellowstone National Park there are 1 g
native and 