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supports globally significant biological, geological, and cultural
resources, and provides substantial opportunities for economic,
scientific, recreational, aesthetic, and spiritual fulfillment for
residents and visitors alike. This remarkable place holds great
value for people with diverse backgrounds and interests. Yer,

our numbers and activities are presenting increasing threats to
its integrity and identity as we begin this new millennium. It is
not too late to forge a comprehensive strategy that will preserve
the integrity and uniqueness of this region for future genera-
tions, but we must move quickly, decisively, and collaboratively
o do so—casting aside dogma, traditional ideological differ-
ences, and rear-view mirrors along the way. Just as the GYE
served as the grand stage for creation of the global model of
early conservation when Yellowstone National Park (YNP) was
established as the world’s first national park in 1872, the region
is now in a position to showcase the development of a more
robust conservation paradigm for the new millennium.

An Overview of the Greater Yellowstone
Ecosystem and Its Significance

The Greater Yellowstone Ecosystem construct was initially
developed to delineate a contiguous area representing critical
grizzly bear habitat and range in the Yellowstone area (e.g,,
Craighead 1977, Craighead 1979, Craighead 1980). Subse-
quently, it has been defined, redefined, refined, and described
by various authors (e.g., Clark and Zaunbrecher 1987, Craig-
head 1991, Glick et al. 1991, Patten 1991, Harting and Glick
1994, Reading et al. 1994, Hansen et al. 2002) to provide a
logical context for their analyses and comments concerning
ecological, human demographic, and policy topics. Here, [ am
using the expanded GYE definition of Hansen et al. (2002), to
include the 20 contiguous counties in Wyoming, Montana, and
Idaho surrounding Yellowstone National Park. This definition
incorporates the high plains surrounding a largely mountain-
ous landscape, populated by just fewer than 360,000 human
residents as of the 2000 U.S. census (Hansen et al. 2002). The
region also plays host to more than 3 million visitors annu-
ally. The GYE encompasses all of Yellowstone and Grand
Teton national parks, the John D. Rockefeller, Jr., Memorial
Parkway, six national forests, three national wildlife refuges,
two Indian reservations, some lands managed by the Burcau
of Land Management, and substantial state, county, munici-
pal, and privately-owned lands. Of the federally administered
public lands, roughly 2.5 million hectares lie in national forest
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wilderness areas or national park wilderness zones, and roughly
2.5 million hectares are located in non-wilderness areas. The
bulk of national forest lands outside of wilderness areas are
managed for wildlife habitat, watershed integrity, and mul-
tiple human uses, including motorized transportation and
recreation, grazing, logging,
and mining. Most of the state

sive strategy
iqueness of

we must move
to do so.

and private lands, except those
with established conservation
easements, are available for a
wide variety of uses, including
business and residential devel-
opment.

The headwaters of three major river systems, the Green,
Snake, and Yellowstone, originate within the GYE. These riv-
ers and other waterways in the region provide habitat for native
cutthroat trout, river otters, bald eagles, ospreys, alder and
cottonwood trees, and other native aquatic/riparian fauna and
flora, exceptional angling and other recreational experiences
for residents and visitors, and water for agriculture, cities, and
towns along the drainage corridors.

The nucleus of the GYE is Yellowstone National Park.
It is revered the world over as a showpiece for wildlands con-
servation—a place where human industry and convenience
are generally secondary to preservation of native wildlife and
natural processes. It is a place set aside for people to visit
and enjoy a vignette of wild America. It became the world’s
first national park in 1872, was declared a biosphere reserve
in 1976, and was added to the World Heritage List in 1978.
Yellowstone National Park (YNP) includes the world’s most
diverse and intact collection of geothermal features, connected
to an underground network of waterways that reaches out into
the GYE far beyond national park boundaries. The space now
occupied by YNP has been used and influenced by people of
various cultures for at least 10,000 years, and it continues to be
influenced by our activities today. Nonetheless, it remains the
core of the last large, virtually intact ecosystem in the northern
temperate zone of the earth. With the controversial restoration
of the gray wolf to YNP in 1995, this system is unique in the
lower 48 United States, because it again contains a complete
complement of the prominent wildlife species that lived here
when Euro-Americans first explored North America.

But YNP is not a closed system, and even combined with
the adjacent protected lands of the John D. Rockefeller, Jr.,
Memorial Parkway and Grand Teton National Park, it cannot
contain nor indefinitely sustain viable populations of some of
its most prominent wildlife species. These include mule deer,
trumpeter swans, bald eagles, Yellowstone cutthroat trout, and
especially bison, pronghorn, elk, grizzly bears, and gray wolves.
These species depend to some extent on the public and private
lands surrounding the national parks, and therefore depend
on the tolerance and willingness of humans living on the
edge of Yellowstone and Grand Teton national parks to share






as Denver and Salt Lake City, have grown substantially, rural
arcas have also experienced significant growth. In a detailed
analysis of cultural changes occurring between 1997 and 2002
in the 20 counties of the GYE in Wyoming, Montana, and
Idaho, Hansen et al. (2002) found that human population size
increased by 55%. The five fastest-growing counties they stud-
ied increased by a dramatic 107%.

Population growth in the GYE has been accompanied
by a steady economic shift from traditional, largely extractive
industries to a diverse array of technology-based businesses,

the socioeconomic transition from the QOld West to the New
West (Riebsame et al. 1997) is degrading the very natural
amenities that initially inspired much of the population and
economic growth. Hansen et al. (2002) argue that if this trend
continues, it will not only compromise natural ecosystem func-
tion and many prominent wildlife species, such as the grizzly
bear, but could impede future economic growth in the GYE
as well.

While some communities in the GYE are undergoing
rapid population as well as cultural and economic change

The population growth and economic changes that have occurred in recent
decades in the GYE carry profound implications for land use and conservation.

producer services, and non-labor (i.e., investments, retirement)
income sources. Hansen et al. (2002) reported that while tim-
ber, ranching, farming, oil, gas, and mining accounted for
19% of the total personal income in the Greater Yellowstone
region in 1970, these industries accounted for only 6% of
the region’s total personal income by 1995. This trend away
from traditional economic sectors was especially pronounced
in the five fastest-growing counties in the GYE. In general,
the most robust, fastest-growing economies in the region (e.g.,
Teton County, Idaho; Teton County, Wyoming; and Galla-
tin County, Montana) have been buoyed by non-traditional
sources of income, such as professional and service industries,
and money earned from past investments, pensions, and other
retirement benefits.

The population growth and economic changes that have
occurred in recent decades in the GYE carry profound impli-
cations for land use and conservation. Many of the new resi-
dents who have relocated to the GYE specifically cite scenery,
proximity to wilderness, and outdoor recreation as important
influences in their choice of a place to live and work (Johnson
and Rasker 1995). Increasing numbers of newcomers want
to live nearer to open spaces and public lands, in close prox-
imity to hunting, fishing, and wildlife-watching opportuni-
ties. Many of these newcomers readily identify themselves as
conservationists, support land use planning regulations, and
profess a holistic philosophy of ecosystem management. As a
consequence of their lifestyles and growing numbers, however,
urban expansion at the edges of municipalities has increased
significantly, and rural residential development has increased
more than 400% since 1970 in the Montana and Wyoming
portions of the GYE region alone (Hansen et al. 2002). This
expansion has come largely at the expense of agricultural
and other open spaces providing scenic vistas and resources
for wildlife. Exurban expansion also increases the spread of
invasive, noxious weeds, the year-round presence of hikers and
other recreationists in important wildlife habitat, and may alter
more wide-reaching ecological processes, such as natural wild-
fire regimes. Thus, the urban and exurban sprawl characterizing
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representative of the New West, the region continues to be
dominated by strong utilitarian, dominionistic, and libertar-
ian values and attitudes typical of the Old West (Reading et
al. 1994). These attitudes tend to breed skepticism or outright
hostility toward conservation initiatives such as human use
restrictions on public lands, attempts to guide or limit private
land use and exurban sprawl through planning and zoning
regulations, and regulations favoring restoration or recovery
of threatened and endangered species. In some cases, the anti-
conservation sentiment is driven by the belief that the region’s
economy still depends on agriculture and the extraction of
timber, minerals, and oil and gas resources, and that develop-
ment of these commodities is the lifeblood and highest and
best use of public lands for the economic well-being of rural
people (Rasker et al. 2004). This has been described by Power
(1991) as the “view through the rearview mirror.” In other
cases, the anti-conservation sentiment is more philosophical,
driven by a strong belief that personal freedoms of local people
are paramount, and that conservation initiatives are nothing
more than conspiratorial schemes to expand the powers of
the federal government, limit people’s access to public lands,
restrict landowner’s property rights, and destroy the traditional
western way of life (see Hennelly 1992).

Recently, opposition to the restoration and continued
presence of the gray wolf to the GYE has provided a rally-
ing platform for many local residents who feel frustrated and
alienated by what they perceive as an attack on their western

Current logging operation in the Shoshone National Forest.
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culture and values. Wilson (1997) has posited that the wolf
is merely a symbol of a much broader cultural clash between
elements of the Old West and New West over access to social
power, the nature and extent of private property rights, and
the appropriate relationship between humans and nature (i.e.,
anthropocentric/dominionistic vs. biocentric/holistic). While
much of the ongoing conflict surrounding the restoration and
management of the gray wolf to the GYE is rooted in philo-
sophical ground, the concerns of some local stockgrowers and
hunting outfitters stem from what they view as a very concrete
threat to their individual livelihoods.

Similar philosophical and pragmatic debate swirls around
grizzly bear management in the GYE. The recent, heated
controvetsies surrounding large predator management in the
GYE accentuate the importance of private and multiple-use
lands to the region’s megafauna, as well as the importance of
local residents’ perceptions and attitudes to long-term wildlife
conservation. Unfortunately, the rhetoric surrounding large
predator conservation and management has served to polarize
people into pro- and anti-conservation camps, based in part on
Old West—New West affinities. Many people and community
leaders in the region have tended to develop their positions
on predator management, planning and zoning regulations, or
other important GYE conservation issues by choosing an ideo-
logical camp instead of examining facts in evidence in the con-
text of a clear goal or vision for a sustainable GYE future. By
its nature, this approach highlights the differences in extreme
viewpoints among GYE residents rather than identifying com-
mon ground. It also emphasizes worst-fear scenarios, rather
than addressing legitimate concerns in a critical manner. Worst
ofall, the public dialogue in GYE communities rarely addresses
the most significant single reality that undetlies all of the sur-
face issues. Simply stated, there are inherent limirtations to the
number of people and the sum impact of our activities that
the GYE can support without losing the ecological integrity
and natural amenities that make this place unique and drive its
modern economy. Once we acknowledge this reality, we must
decide if the ecological integrity and natural amenities of the
GYE are worth saving. If the answer is yes, then we can start
from common ground to blend the best of the Old West and
New West and create a Next West vision for the GYE.

Creating a Common Vision Across Boundaries

The mosaic of public and private land ownership, varied
management mandates, and diversity of stakeholder percep-
tons and attitudes has created conflicting ideas about GYE
land use. Consequently, the lack of a shared, clearly articu-
lated vision for the GYE, together with a swelling human
population and exurban sprawl, are producing increasingly
fragmented landscapes with impaired ecological function.
As habitats become more compromised, we can expect an
increase in human-wildlife conflicts and even greater threats to

People are drawn to the GYE for its scenic beauty, wildlife,
clean air and water, and recreational opportunities.

biodiversity integrity and natural amenities in the GYE. Many
have argued that the best way to address those threats is to
implement a more coordinated, holistic, landscape or ecosys-
tem-level approach to managing land use in the region (e.g.,
Craighead 1979, Clark and Zaunbrecher 1987, Berger 1991,
Glick and Clark 1998). Reading et al. (1994) recognized the
importance of the attitudes of people living in the GYE w cre-
ating a shared vision and coordinated management approach
to the region, and found that the majority of people they sur-
veyed were supportive of coordinated management to conserve
natural amenities in the region. However, most respondents
were unwilling to include private and state lands in manage-
ment plans. The authors attributed this unwillingness to tra-
ditional Old West concerns about governmental control and
economic issues. Most GYE residents in the study seemed to
see ecosystem management as a threat to their control over
public and private land use. They believed that the economic
and social health of local communities depended on continued
resource extraction, and feared that oil and gas development
and timber harvesting would be substantially or moderately
limited by ecosystem management policies.

Holistic, ecosystem management of the GYE is further
complicated by the jumble of state, federal, and tribal agen-
cies, county commissions, planning and zoning boards, and
other entities that are charged with administering various
components of the GYE. Some laws and regulations, such as
the Endangered Species Act, legally require uniform, cross-
boundary stewardship in some cases, but are often difficult
to monitor and enforce. Furthermore, government regulations
without incentives tend to engender great resentment among
landowners, recreationists, and others who cling steadfastly to
the primacy of private property rights and individual freedoms
in virtually all circumstances. Glick and Clark (1998) have
suggested that cross-boundary, whole-ecosystem stewardship
of the GYE will require fundamental changes in resource law,
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[f the overarching goal is to sustain the natural amenities and
ecological integrity of the GYE, then the vision of how to
achieve that goal must be created with the understanding that
there are inherent limitations to the number of people and
the sum impact of our activities that the region can support
without losing the critical amenities and integrity desired.

administration and policy, and economic policies and tax
incentives. They further argued that success in whole-ecosys-
tem management must involve active participation by all stake-
holders, and would thus require some, perhaps all stakeholders
to relinquish a modicum of traditional control.

It seems clear that to sustain the ecological integrity and
unique suite of natural amenities of the GYE into the future,
the entire region must be managed with deliberate hands
guided by a common vision. The vision must be constructed

purposely with contributions from all stakeholders to accom-
modate the essential needs of each to the extent possible. Butif
the overarching goal is to sustain the natural amenities and eco-
logical integrity of the GYE, then the vision of how to achieve
that goal must be created with the understanding that there
are inherent limitations to the number of people and the sum
impact of our activities that the region can support without
losing the critical amenities and integrity desired.

The idea of creating a common vision for conservation
of the GYE is not new. In 1985, the National Park Service
and U.S. Forest Service initiated a six-year planning effort to
develop an integrated, interagency ecosystem management
strategy for the region. At the end of the day, however, the
resulting “Vision” document was not widely embraced, and
did not attain many of its objectives. In addition to some logi-
cal flaws in its foundation (see Lichtman and Clark 1994), the
Vision was undermined and eventually vanquished by a well-
organized, traditional Old West alliance of local government
officials and agriculture, extractive industry, and motorized
recreation advocates who portrayed the Vision as a substantial
threat to personal property rights and individual freedoms of
local residents. Many local residents and policymakers fele left
out of the Vision, and viewed it as a tool of the federal gov-
ernment and extreme environmental preservationists to block
access to public lands and limit use of private lands. The reluc-
tance of some ecosystem management advocates to embrace
the participation of private landowners and local communi-
ties in land use planning lent credence to the objections of
anti-Vision forces. The success of the anti-Vision alliance dem-
onstrated the strength and continuing influence of Old West
ideology in local communities in the GYE, and the intensity
of distrust between these forces and ecosystem management
advocates. But the Vision exercise also served to provide lessons
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to help build a more inclusive and robust vision for holistic
GYE management.

The most important lesson was that any successful
attempt to create a broad-scale, cross-boundary management
vision for the GYE must actively involve all major stakehold-
ers, especially local landowners and residents. It is also critical
that ecosystem management goals, objectives, and strategies be
founded in sound science that is broadly shared in public as
well as scientific forums. Recent history with gray wolf man-
agement and other GYE
issues has
that
dogma, fear, and even hys-

demonstrated
ideologically-based

teria can dominate public
thetoric and policymaking
when scientific data are
lacking or are not clearly
and widely disseminated.
Even when scientific infor-
mation is widely and effec-
tively disseminated, there always will be some vocal, ideologi-
cal extremists on either side of an issue trying to command a
following to influence policy. But informed public dialogue
tends to marginalize the voice of extreme ideologues, especially
when ideology does not best serve the interests of the majority
of people.

In recent years, several community-based ecosystem
management efforts have emerged to address local land use
issues in the GYE. Glick and Clark (1998) highlighted four
of these (i.e., the Beaverhead County Partnership, Madison
Range Landscape Assessment and Adaptive Management
Project, Henry’s Fork Watershed Council, and Greater Yellow-
stone Coalition Stewardship Program) as potential prototypes
showing promise for resolving cross-boundary conflicts. The
authors identified five important components that these initia-
tives share: a) collection and dissemination of sound data; b)
creation of public forums for open dialogue; ¢) active involve-
ment of local stakeholders; d) articulation of concrete manage-
ment goals; and e) ongoing evaluation and flexibility to deal
with feedback and changing circumstances. These and other
local initiatives have set the stage for broader programs aimed
at creating and implementing a common vision for holistic
management across the GYE—a vision that explicitly inte-
grates the economic realities of the New West.

For example, the National Parks Conservation Associa-
tion has embarked on an ambitious Gateway to Yellowstone
program to build public awareness of the economic value of
Yellowstone National Park and the natural amenities of the
GYE to the health and vitality of gateway community econo-
mies and cultural identities. The goal of Gateway to Yellow-
stone is to expand the base of public support for conservation
of GYE landscapes and wildlife by finding common ground
among diverse stakeholders and building alliances among



non-traditional constituencies (Tim Stevens, personal com-
munication). Another non-governmental organization, the
Yellowstone Business Partnership, is an organization of busi-
nesses in 25 counties in and around the GYE. This organiza-
tion is dedicated to working with gateway and other local com-
munities throughout the three-state GYE to encourage and
support economic growth in ways that take advantage of and
support long-term conservation of wildlife and other natural
assets in the region.

Exurban Sprawl: “It won’t happen here”

Arguably, the single greatest threat to the ecological integ-
rity, natural assets, and western cultural identity of the GYE
is continued exurban sprawl driven by shifting, New West
demographic and economic trends. It is increasingly difficult
for ranchers and other major landowners to reject lucrative
financial offers to sell their open lands for development. Yet
these private, open rangelands are critical to conserving wild-
life, preserving scenic landscapes, and maintaining traditional
western lifestyles. While communities like Jackson, Wyoming,
and Bozeman, Montana, have been grappling with rapid popu-
lation growth and exurban sprawl for several years, many resi-
dents in other communities in the GYE were convinced that
“it won’t happen here.”

That conviction was shaken for one previously slow-grow-
ing community in 2004-2005, when a large, gated residential
community was proposed for development. The development,
called Coppetleaf, is slated to replace a large hayfield and sage-
brush—steppe bench encompassing a portion of the Shoshone
River drainage 25 miles east of Cody, Wyoming, along the
route to the east gate of Yellowstone National Park. The site
is located in critical winter range of deer and elk, and is heav-
ily used by hundreds of these
between October
and April each year. It is also

ungulates

located in a particularly scenic
corridor, just a few miles west of
the Shoshone National Forest
boundary. The proposed devel-
opment has been met with pas-
sionate and widespread oppo-
sition from county residents,
including the voices of some
property rights advocates who
had previously opposed more
stringent planning and zoning
regulations for Park County,
Wyoming.

Some local residents have
expressed opposition to the
Coppetleaf development on the
grounds that it would diminish

wildlife habitat and the scenic beauty of the area, while others
argue that the development would change the cultural char-
acter of the area. Still others point out that the high costs of
providing and maintaining infrastructure for exurban devel-
opment would probably surpass tax revenues (see Alternative
Energy Resource Organization 1996, Coyne 2003). The most
compelling concerns for many, however, have focused on the
availability of fundamental, limited resources, for example,
water. Final approval for Coppetleaf is pending the results of
multiple appeals and legal actions, but the proposed site plan
was tentatively approved by a county government generally
sympathetic to development and Old West property rights
arguments.

Whether or not Copperleaf moves ahead with develop-
ment plans, the issue seems to have galvanized Park County
citizens to think more deliberately and pragmatically, rather
than ideologically, about land use in the future. Copperleaf
advocates have correctly pointed out that more poorly planned,
environmentally damaging Park County developments have
been approved in the past with far less opposition than Cop-
perleaf has faced. But open spaces are vanishing, and priori-
ties may be changing in this part of the GYE. In the wake of
Copperleaf, some Park County residents have even suggested a
“No New Footprints” campaign whereby county governments
would stem the loss of natural assets to new home construction
by providing incentives for people to purchase previously occu-
pied homes rather than add new footprints to exurban areas.

The recent proliferation of land trust authorities and
other organizations concerned with conserving open spaces
for wildlife and agriculture testify to the recognition of land
use planning as key to the future of the GYE. The Nature
Conservancy has long promoted landscape-scale conservation,
and pioneered the concept of conservation easements in the

Elk frequently forage and rest during winter in this pasture now destined for residential
development between Cody, Wyoming, and Yellowstone National Park.
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GYE and elsewhere. Many western sportsmen and ranchers
recognize the need for landscape conservation and even con-
servation easements, but are uncomfortable with some aspects
of The Nature Conservancy options, largely due to perceived
philosophical and/or economic considerations. Organizations
such as the Greater Yellowstone Coalition, Rocky Mountain
Elk Foundation, and the Wyoming Stockgrowers Agricultural
Land Trust offer alternative means for landowners to conserve

An environment without these resources tends to foster public
opinion and local policy decisions founded in dogma rather
than on a critical review of information. Museums and cul-
tural institutions are in a unique position to provide credible
information to public audiences and replace dogma with infor-
mation. Collections, research, and informal science education
through exhibits and programs will always be the cornerstones
of natural science muscums, but I have argued to a variety

Museums and cultural institutions are in a unique position to provide credible
information to public audiences and replace dogma with information.

open lands for continued natural, cultural, and economic val-
ues. Collectively, these programs offer a broad suite of options
to assist landowners interested in preventing all or some of

their property from being subdivided and developed.

The Importance of a Well-Informed Public

As Glick and Clark (1998), Preston (2004), and others
have pointed out, good conservation decisions supporting a
common vision for the GYE will depend largely on a well-
informed and engaged local population. Unfortunately, GYE
communities tend to be isolated, with limited access to objec-
tive centers of information and forums for public discourse.

This grizzly bear exhibit is part of the Draper Museum’s
Greater Yellowstone Adventure.
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of audiences (e.g., Preston 1999, Preston et al. 2002, Preston
2004) that one critical role for natural science museums in the
new millennium is to provide an objective, public forum for
the dissemination of information and diverse perspectives on
contemporary conservation issues. Museums are also in a posi-
tion to explore public perspectives on issues to better under-
stand how people form opinions and how to communicate
most effectively with the public.

For example, before we unveiled our Greater Yellowstone
Adventure exhibits in the Draper Museum of Natural His-
tory in 2002, we conducted an extensive, front-end survey
of potential visitors representing local communities and our
national audience. We found that we needed to employ differ-
ent interpretive approaches to communicate effectively with
each of these audiences, largely due to their differing perspec-
tives on conservation issues in the GYE (Preston et al. 2002).
Local audiences were far more suspect of information without
attribution, and feared that local concerns about issues like
wolf restoration would be ignored or trivialized. We took this
information into account when developing exhibits, and were
able to successfully communicate with local audiences by high-
lighting diverse perspectives on wolves in the GYE alongside
the presentation of authoritative information (Randi Korn and
Associates 2003).

We continue to assess audiences attitudes toward conten-
tious issues by soliciting and displaying written comments from
our visitors. This has both helped us to understand the interests
and existing knowledge base of our audiences and broadened
the perspectives of many of our visitors who may not have
been exposed to the ideas of people who think differently from
themselves. The ongoing dialogue we have established with
museum visitors helps us to develop topics and approaches for
educational programming in our galleries, classrooms, lecture
halls, and field sites. When hosting informational forums on
contentious conservation issues such as managing free-roam-
ing horses, human—grizzly conflicts, or wildfires, we have
found that it is important to include the voices of different
stakeholders with the stated goal of finding common ground.
Our approach has been to build program partnerships with
agencies, organizations, institutions, and private landowners



who may often talk about one another, but rarely talk to one
another in a managed environment. For our part, we make it
clear that it is not the role of our institution to advocate for a
particular policy position, but rather to advocate for the best
information possible and a dialogue that is based in critical
thinking. We have found that participants and audiences often
express pleasant surprise at how broad the common ground
is on most issues. OQur hope is that by creating this kind of
environment, we can foster civil public discourse that will
reveal innovative, collaborative solutions to important conser-
vation issues in the GYE. In this way, our institution can move
beyond its more traditional role of documenting and interpret-
ing the past, to help shape the future of our region. Although
not every community in the GYE has a museum, many have
public institutions that can and do serve as a source of objective
information and a forum for pubic discussion. These com-
munity-based institutions can play a crucial role in identifying
issues important to their constituents and in shaping an eco-
logically, culturally, and economically sustainable future for the
GYE. The effectiveness of these museums and other commu-
nity-based information centers in promoting critical thinking
and providing a common base of information throughout the
GYE can be enhanced if we create shared program networks so
that lectures, conferences, and even exhibits can be presented
simultaneously or serially. The Draper Museum of Natural
History and our parent institution, the Buffalo Bill Historical
Center, are beginning to explore opportunities for shared pro-
gramming among GYE centers of informal learning.

Blending the Best of Old West and New West
to Create the Next West

The Greater Yellowstone Ecosystem is a place like no other
in the world. It is the last place where we can possibly observe
wild bison, elk, pronghorn, mule deer, moose, grizzly bears,
black bears, gray wolves, cougars, bald and golden eagles, and
trumpeter swans in the same field of view and argue about
what role they should play in our lives and how they should be
managed. One can avoid these controversies by living almost
anyplace else in the world. It is a place of spectacular landscapes
and true wilderness, where one can still escape human-caused
noise and nighttime lights. In terms of native biodiversity, the
GYE is healthier in many respects today than it was 100 years
ago—healthier in some respects than it was 10 years ago. Yet
the GYE and its natural assets are facing substantial threats
from the combination of New West population growth/exur-
ban sprawl and Old West ideology based in resource extrac-
tion and “anything goes” attitudes toward property rights and
individual freedoms. With increasing human population and
cultural diversity in the GYE and throughout the West, it is
important to recognize that individual freedoms of one stake-
holder often conflict with the individual freedoms of other
stakeholders. For example, the freedom for one person to

operate a motorized off-road vehicle in a given place and
time may conflict with the equally valued freedom of another
person to access and enjoy the same place and time without
engine noise and exhaust. To share and conserve the natural
assets of the GYE, it is critical that we explicitly acknowledge
the legitimacy of varied and sometimes incompatible personal
freedoms in an ever-shrinking space. Only by identifying and
legitimizing such conflicts can we begin to identify opportuni-
ties to resolve them in a manner consistent with sustainable
use of the limited resources. The natural assets of the GYE
carry significant value for members of both Old West and New
West cultures, but these assets are not unlimited. They and the
systems that created and support them must be understood,
conserved, and nurtured if they are to provide the same value
to future generations. Residents of local communities stand to
benefit the most from the natural assets of the GYE and should
bear the greatest responsibility for its stewardship.

As unlikely as it sometimes seems in the heat of lightning-
rod controversies such as gray wolf restoration and manage-
ment, the best chance for a future GYE as beautiful and diverse
in wilderness, rangelands, wildlife, and recreational opportu-
nities as it is today depends on forces from the Old West and
New West working together toward a common vision of sus-
tainable use of natural assets in the Next West. Creating and
implementing that vision requires people of passion and com-
mitment working from a common base of sound information.
Let the vocal pretenders and the dogma fall by the wayside.
To work together, we will have to sift through our traditional
allegiances and prejudices, set aside our team colors and dis-
trust for one another, and deal with the real and considerable
challenges before us. To be effective, we should remember the
five elements of successful cross-boundary conflict resolution
articulated by Glick and Clark (1998) (see sidebar). Gateway
communities in the GYE have an opportunity to lead the way,

Five Elements of Successful Cross-Boundary
Conflict Resolution (Glick and Clark 1998)

[. The collection and dissemination of good data
before undertaking major management actions;

2. The creation of forums or mechanisms for civic
dialog where information can be discussed and
used in a constructive manner;

3. The decision to give stakeholders a voice on
resource management issues and an opportu-
nity to play a greater role in management deci-
sions;

4. ldentification of a set of shared management
goals; and

5. Continual evaluation and modification to reflect
changing conditions.
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Do Groomed

Roads Increase

Bison Mileage?
A new analysis sheds light

on an old controversy

Mary Ann Franke

THE PUBLIC DEBATE ABOUT WINTER USE in Yellow-
stone National Park reflects a wide range of values and
views about what the park’s priorities should be. Opin-
ions differ on whether recreational snowmobiling belongs in
national parks at all, as well as on whether it is acceptable if
certain restrictions regarding numbers, exhaust, and noise are
enforced. People are also concerned about the options available
for experiencing the park in winter and the impacts of win-
ter use policy on gateway communities, visitor and employee
safety, and wildlife.

The first lawsuit over winter use in Yellowstone claimed
that the National Park Service had not adequately investigated
whether grooming roads for oversnow use might adversely
affect bison. After hundreds of bison trying to leave the park
were killed in 1997, The Fund for Animals sued the National
Park Service on behalf of what it believed to be the best inter-
ests of wild bison. However, opinions on bison use of groomed
roads may also be colored by other human interests in the win-
ter use controversy. For example, the BlueRibbon Coalition,
a motorized recreation advocacy group, claimed in 1999 that
“with groomed trails to help conserve precious body fat and
energy stores, the bison population is thriving in Yellowstone
these days.” The BlueRibbon Coalition pointed to a presumed

decline in “wintertime deaths by slow, painful starvation” and
ignored the increase in sudden deaths at the slaughterhouse.
“Oddly, The Fund For Animals and other environmental
extremists seem to see this boon to winter survival as a bad
thing,” they said (BlueRibbon Coalition, 1999).

The public confusion is partly due to an absence of sci-
entific consensus on how, if at all, road grooming has affected
the bison population’ size, distribution, and movement within
and out of the park. To obtain an independent perspective,
the National Park Service enlisted Dr. Cormack Gates, a
respected Canadian wildlife biologist who is on the Faculty of
Environmental Design at the University of Calgary. Familiar
with the ways of bison but removed from the politics of Yellow-
stone, Gates chairs the International Union for Conservation
of Nature and Natural Resources/Special Survival Commission
Bison Specialist Group (North America), as well as the Cana-
dian National Wood Bison Recovery Team. In April 2005, after
a thorough study of the relevant research and discussions with
people knowledgeable about various facets of the issue, Gates
delivered a 313-page report to Yellowstone managers. Before
looking at a summary of the report’s analysis and recommenda-
tions, some background on how Yellowstone reached the point
where such a report was necessary may be helpful.
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Background: Bison and Winter Roads in
Yellowstone

Occasional plowing of the road along the north side of the
park from Gardiner to Cooke City, Montana, began in the late
1930s and became routine by the 1960s. Snowcoaches began
packing the snow on ungroomed roads in the park’s interior
in 1955, and snowmobiles first entered the park in 1963. As a
compromise with neighboring communities that wanted all of
the park’s roads to be plowed for wheeled vehicles, the National
Park Service (NPS) began to groom roads in the park’s interior
for oversnow use in the winter of 1970-71.

By the early 1990s, Meagher was seeing evidence that roads
groomed for oversnow use were affecting bison movements in
the park’s interior, where much more snow accumulates than
on the northern range (Meagher 1993). Although the Gates
Report indicates that a mixed group of 24 bison broke trail in
deep snow through the Pelican Valley—Hayden Valley corridor
in 1956, Meagher documented that when bison from Pelican
Valley began moving westward more routinely in the winters
of the 1980s, more bison began moving from Hayden Val-
ley into Firehole Valley, and went there eatlier in the winter.
She maintains that it was this “domino effect” that eventually
moved bison further west to Madison Junction and beyond

History, scientific data, and experience suggest that the extent and
route of bison winter movements are affected by factors that can vary
substantially from year to year, including population size, forage availa-
bility, snow conditions, energy costs, and learned behavior.

Winter road grooming in Yellowstone happened to begin
just a few years after the NPS ceased periodically reducing the
patk’s elk and bison herds as a means of addressing concerns
about “overgrazing.” The halt to bison captures also eliminated
the opportunity to test the Lamar Valley bison herd for expo-
sure to brucellosis, which was likely introduced in the park by
livestock early in the twentieth century. In 1968, a total of 418
bison were counted in Yellowstone, 70 of them in Lamar Valley.
Butas the Lamar Valley herd grew, its winter range extended to
lower-elevation areas westward and northward toward the park
boundary. This was not a new phenomenon; bison have prob-
ably been leaving the Yellowstone Plateau for various reasons
for millennia. During the severe winter of 1942-43, more than
700 bison from Lamar Valley traveled the Yellowstone River
corridor toward Gardiner, and about 130 bison left the park.
Most returned within 10 days, but one bison reached a ranch
44 miles north of the park. What changed in the 1980s, as
observed by former Yellowstone National Park biologist Mary
Meagher, was that more bison were traveling out of Lamar Val-
ley in more winters. When a large movement occurred during
the winter of 198283, the plowed road from Tower Junc-
tion to Gardiner, rather than the topographic route along the
Yellowstone River, was their primary path (Meagher 1989).

During the winter of 1984-85, Montana state person-
nel shot 88 bison that crossed the park’s northern boundary
because of concerns about property damage and the possibil-
ity that they could transmit brucellosis to livestock. The NPS
tried constructing barricades across both the road and the Yel-
lowstone River corridor, but the bison adapted by using other
routes and detouring across steep terrain or traveling along trib-
utary drainages. Meagher proposed that the “relatively easy and
energy-efficient travel [on the plowed road] probably facilitated
learning and a rapid increase in numbers” (Meagher 1989).
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the park’s west boundary, as well as northward out of the park.
Meagher also proposed that if bison’s use of groomed roads had
furthered this range expansion, it also may have contributed to
the growth in the bison population by enabling more bison to
use “energy-efficient linkages” between foraging sites, in turn
allowing more bison to survive the winter and give birth to
healthy calves in the spring (Taper et al. 2000). The winter
bison count for 1988—89 exceeded 3,000 for the first time in
the park’s history.

Bison Exit, Snowmobiles Enter

In 1989, the NPS, the U.S. Forest Service, and the state of
Montana began what would turn out to be 11 years of nego-
tiations to develop an Environmental Impact Statement (EILS)
for controlling bison movements at the park boundary. The
following year, the NPS issued an environmental assessment
of winter use in response to the increasing number of snow-
mobiles that were entering Yellowstone. The resulting plan,
which also included Grand Teton National Park and the John
D. Rockefeller, Jr., Memorial Parkway, was largely concerned
with how snowmobile use affected visitor experience. The pos-
sible effects of snowmobiling on wild animals’ ability to survive
the winter had long been questioned and the subject of some
rescarch, but the effects of road grooming on bison and other
wildlife did not become a primary focus of the winter use con-
troversy until 1997, when The Fund for Animals sued the NPS
for its alleged failure to evaluate the possible consequences. To
settle the lawsuit, the NPS agreed to prepare an EIS on winter
use for the three park units. The NPS also agreed to decide by
December 1, 2000, whether to close a road segment to human
winter use on an experimental basis and to make the decision
based on the monitoring of wildlife movements. However,
the NPS later decided to defer any experimental road closure



indefinitely because “further research [on bison movements
without a road closure] was necessary before closing a road
would provide useful research information” (Sacklin et al.
2000).

Since then, researchers have walked hundreds of miles
observing bison winter travel in Yellowstone. Two biologists
from Montana State University, Dan Bjornlie and Robert Gar-
rott, found that bison travel both on and off the road from Old
Faithful to Norris was lowest during the snowmobile season
and then peaked in April, after plowing started and melting
snow began to expose scattered patches of forage. Based on
data collected during the winters of 1997-98 and 1998-99 in
the Firehole-Madison—Norris area, most bison travel occurred
on trails previously broken by bison, along stream banks, or
through geothermal areas, so only a small portion of it required
the animals to move snow. Winter travel between the Hayden
and Firehole valleys was largely accomplished on a 19-km trail
over Mary Mountain that the bison maintained by traveling it
frequently in both directions. For travel west of Mary Moun-
tain, bison were most likely to use the road in places where the
constricted topography offered little choice, as in the canyons
of the Madison and Firehole rivers. But Bjornlie and Garrott’s
conclusion that “grooming roads during winter does not have
a major influence on bison ecology” was dismissed as “flawed”
by The Fund for Animals, because the data covered only the
two relatively mild winters that followed the major bison herd
reduction in 1997 (Bjornlie and Garrott 2001; The Fund for
Animals 2000).

Yellowstone staff have also collected information on bison
use of groomed roads. By 2004, they had seven winters’ worth
of data, but no evidence that conflicted with Bjornlie and

A bison at Mud Volcano in 2002.

Garrott’s findings, and no winter of bison movement like that
of 1996-97. When the National Research Council consid-
ered the available evidence for its 1998 study, Brucellosis in the
Greater Yellowstone Area, the authors concluded that groom-
ing had not had any “substantial influence” on bison popula-
tion size, and pointed out that by the early 1980s the growing
population had reached a density that could have pushed bison
into new habitat even without groomed roads. Meagher has
observed that, instead of breaking into smaller groups to forage
at small patches, bison will “maintain group social bonds”™ if
possible by moving to a foraging area where they can remain
wogether (Meagher 2002).

Although The Fund for Animals and others who want an
end to road grooming in the park have used her research to
support their case, Meagher has acknowledged that her data
on bison population changes from 1970 through 1997 did
not prove cause and effect (Meagher 2002). History, scientific
data, and experience suggest that the extent and route of bison
winter movements are affected by factors that can vary sub-
stantially from year to year, including population size, forage
availability, snow conditions, energy costs, and learned behav-
ior. Drawing definitive conclusions from an experimental
road closure on whether grooming is a significant factor may
therefore be difficult. Another complication is that even if road
grooming “facilitated” the bison’s use of new winter ranges,
they might continue to use those routes and maintain a trail
through accumulating snowpack without the help of groom-
ing. As the National Research Council report suggested, “now
that locations of other habitat areas are known to the herd, it
is unlikely that discontinuance of snow grooming will prevent
their movements.”

The Need for a
Comprebensive Study

The Record of Decision
signed for the 2000 winter
use EIS called for recreational
snowmobiling in Yellowstone
and Grand Teton national
parks and the John D. Rock-
efeller, Jr., Memorial Parkway
to be phased out by the win-
ter of 2003-04. The preferred
alternative allowed grooming
roads for snowcoaches, while
stating that “it is unknown if
and to what extent beneficial
effects [of road grooming] out-
weigh negative effects on bison
movement.” The International
Snowmobile  Manufacturers’
Association (ISMA) then sued,
alleging that preparation of the
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conditions. The central ranges, in contrast, usually accumu-
late much deeper and longer-lasting snow, except in geother-
mally-influenced areas. The warmth generated by the thermal
features may allow a longer growing season and reduce snow
cover. In addition, snow melt and spring greenup occur earlier
in the West Yellowstone area than in Hayden and Pelican val-
leys (Despain 1990).

to poorer quality patches as [bison] density increases.” The
likely responses to increased bison density, according to the
Gates Report, are “decreased fecundity and increased juvenile
mortality,” reducing the rate of population growth.

Bison appear to travel on roads in winter where it is con-
venient, that is, where the roads are aligned with corridors
that bison would be expected to use because of terrain, habitat

“All models are wrong, but some models are useful.

The Gates Report concluded that bison move toward the
park boundaries in winter “in response to forage limitation” in
the park that may result from a combination of factors, includ-
ing previous summer precipitation, snowpack characteristics,
and grazing pressure by bison and elk. As the bison population
has increased, therefore, so has the extent of its movements and
the likelihood that a group of bison will look for forage beyond
the park boundary. “Exploratory movements by mature bulls,
which subsequently establish annual migration paths t and
from peripheral ranges, likely precede range expansion by
cow/juvenile groups,” states the report. “More bison use more
space,” Gates puts it more simply.

Since monitoring of female bison with radio collars
began in 2002, park staff have tracked some bison that move
from Hayden Valley toward both the west and the north
boundaries in the same year. However, range expansion can-
not entirely compensate for population growth, because
“high quality foraging patches are limited in overall area, are

patchily distributed and depleted first, forcing bison to shift

GPS locations of a five year-old female bison from the central

subpopulation between December 2003 and September 2004. Rick
Wallen, Yellowstone bison biologist, believes that this extent of
northward and westward movement may now be typical of up to one-

third of the central herd.
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features, and bison behavior. Consistent with this hypothesis,
the Gates Report notes, bison rarely use the road segments
from Canyon t Norris, East Entrance to Sylvan Pass, South
Entrance to Old Faithful, or the western half of the groomed
road between Seven Mile Bridge and West Yellowstone. As for
a reduction in natural winter mortality that might result from
bison use of groomed roads, the Gates Report could find in the
available population data no “detectable” change in the growth
rate of the Pelican Valley herd after grooming began.

Develsping a Bison Distribution Model
Computer-based models are increasingly used to explore
the structure of ecological systems, how their components
interact, and how changes to one component may affect the
others. The process of closely analyzing these relationships can
be as valuable as the resulting model. As Mark Boyce has writ-
ten,
We can clarify onr understanding cf ecological processes by
develsping amodel ¢ the system in question. In fact, one might
argue that the system cannot be clearly understood
until we develcp an explicit model. And as our
understanding cf the ecosystem improves, so, 00,
our models will need to be constantly refined. . . .
Any mathematical model ¢f an ecological sysiem is
a heuristic tool, and is necessarily a simpl: fication.
Bur simpli fication does not invalidate ecological
models. Indeed, simplification is needed to make
the system compre/ﬂemible. One /%pes to incor-
porate major limiting factors or driving forces in
the system so that the model mimics realiry (Bcyce

1991).

Although the complexity of ecosystems
makes predictions difficult, models can be used
to gauge the range of possible outcomes and
compare the relative impact of different natu-
ral or human-induced changes. As part of their
analysis, Gates and his colleagues developed a
Yellowstone National Park Bison Distribution
Model that can simulate the effects of various
ecological scenarios and management actions on
bison population size and movement in mid-
winter. Because of the limitations of the data



and the imprecise assumptions upon which models are based,
the report explains, “models cannot be ‘right’ in a predictive
sense, but rather should strive to be ‘reasonable’ in their struc-
ture, assumptions, and relationships.” As Gates puts it more
bluntly, “All models are wrong, but some models are useful.”
To develop a model that would be useful in examining the
relationship between bison movement and multiple variables,
Gates began by creating a graphic representation called the
“Impact Hypothesis Diagram” (IHD). It illustrates how the
components in the system interact with each other. “Fach
arrow connecting variables in the IHD is described as a math-
ematical relationship derived with the key informants or based
on empirical relationships taken from the literature.”
Existing data were used to delineate the variability in sum-
mer and winter precipitation, forage production, and bison use

of ranges and movement corridors. To limit the variability of
possible environmental conditions that the model would have
to take into consideration, however, it was specifically designed
to simulate mid-February in Yellowstone. For example, “per
capita forage availability” is the amount of forage available per
bison in mid-February, which is assumed to depend on three
key variables: precipitation during the previous summer, snow-
pack characteristics, and grazing pressure by bison and elk. The
“permeability” of each movement corridor to migrating bison
in mid-February was assumed to depend on five variables:
prevalence of thermal features, topography, habitat charac-
teristics, corridor length, and mid-February snow conditions
(which would depend partly on whether the road is groomed).
At workshops conducted by Gates and Stelfox, groups of key

informants ranked the importance of each variable, making

This diagram was used as the basis for the Yellowstone National Park Bison Distribution Model. The variables are color-

coded to indicate those that are treated as constants in the model, those that can be simulated as random variables, and

those that can be controlled by management decisions. Although “Elk Density” does vary over time, it was treated as a

constant in this model to simplify the variables used in the simulations. The “Random Walk” variable refers to inter-range

bison movement that is unrelated to forage availability or bison density; it was estimated to account for 10% of the total

bison movement in the park.
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Recommendations Jor Monitoring,
Research, and Management Process

The Gates Report makes nine rec-
ommendations, five of which pertain
to additional research and monitor-
ing of bison. Given the large extent of
the migration from the park’s interior
toward the north boundary in some
years, and the possibility of lethal man-
agement actions for those bison that
cross the boundary, the Gates Report
recommends conducting a management
experiment “to test the hypothesis that
the Central populations movement
to the Northern Range is possible [in
mid-winter] only with grooming of the
snowpack on the road, in particular in
the Gibbon Canyon.” Such an experi-
ment should be designed to “test the
effectiveness of unaltered snowpack as
a barrier to winter movements between
the Central and Northern Ranges in
relation to varying environmental con-
ditions including forage production,
winter severity, and population size.”
The report also notes other gaps in the
darta available to make bison manage-
ment decisions, and recommends that
these be addressed through systematic
research, for example, on the ability of
bison to move through or forage in snow
under the variety of circumstances pres-
ent in Yellowstone.

On its own scientific
knowledge is insufficient for
making effective decisions.”

24

The other four recommendations
<< .
are offered to improve the process of
creating broadly supported management
policy and actions.” They go beyond the
science of bison ecology to the means by
which the National Park Service makes
decisions about bison management in
conjunction with other government

M 113

agencies. “It was understood from the
outset that one of the central causes
of ongoing conflict was not a lack of
knowledge but a lack of policy process
by which people and institutions can
be constructively engaged in integrative
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decision-making using the best available
science,” the Gates Report notes. “The
role of science in supporting high qual-
ity decisions cannot be overemphasized,
but on its own scientific knowledge is
insufficient for making effective deci-
sions. Establishing the organizational
structures and processes to link science
to value-based decision-making is per-
haps more challenging than conducting
research.”

Mary Ann Franke began writing and edit-
ing for the National Park Service in 1991.
She has spent 10 summers and one January
in Yellowstone, but migrates to Sedona,
Arizona, each fall in response to the short-
ening days and increasing snowpack.
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Fungi in Yellowstone’s Geothermal

Soils and Plants

Joan Henson, Regina Redman, Rusty Rodriguez, and Richard Stout

Hot springs panic grass is often found in Yellowstone’s geothermal areas.

ESPITE TEMPERATURES of 70°C (158°F), acidic
D pH, toxic levels of heavy metals, and low organic

matter content, geothermally heated soils in Yellow-
stone National Park harbor many species of fungi. Some of
these fungi secrete enzymes that may be of commercial interest,
because they may be more heat-resistant than enzymes from
cooler soils. In addition, fungi growing in geothermal areas
tolerate relatively high concentrations of heavy metals, a trait
that may be exploited for bioremediation of metal-contami-
nated soils. For example, areas around meral smelters, such
as the abandoned one located near Anaconda, Montana, lost
their vegetation because of toxic heavy metals precipitating
from the smelting process. Toxic topsoil can become acrosol-
ized by wind, and metal-tolerant fungi, with their network of
filamentous cells, could stabilize the topsoil or remove metals
from the soil by absorption processes.

Fungi inhabiting harsh geothermal soils may also colonize
and live inside (endophytically) the sparse vegetation found
there. A plant often found on hot ground in Yellowstone’s
geothermal areas is hot springs panic grass (Dichanthelinm
lanuginosum). This grass serves as a host for the fungal endo-
phyte Curvularia protuberaia. Laboratory experiments support
the idea that this fungus and this plant are mutualistic with
regard to heat tolerance, that is, they are more thermotolerant
together than they are alone. Together, the endophytic fungus
and its host plant could also be useful for remediating con-
taminated soils.

Living organisms differ greatly in their ability to adapt to
high temperatures. This is nicely summarized in Thomas D.
Brock’s classic booklet, Life at High Temperatures, which can
be found at visitor centers throughout Yellowstone National
Park. In the latest edition of this booklet is a table showing that
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prokaryotes (Ewbacteria and Archaea) are
much more heat-tolerant than eukaryotic
organisms such as plants and fungi. Fungi are
considered thermophilic if they grow between
20 and 60°C (about 70-140°F). Indeed, in
the 1970s, Professor Brock and colleague
M.R. Tansey were the first to report that some
fungal species could be isolated from geother-
mal features.

Our objectives in this study were 1)
w identify and characterize fungi isolated
from both geothermal soils in Yellowstone
National Park (YNP) and the plants growing
there and 2) to describe the natural habitats
of these fungi. A rationale for pursuing this
research is that fungal isolates from geother-
mal soils may secrete useful thermotolerant
enzymes because they are adapted to unusu-
ally hot soil environments. These fungi may
be useful in the bioremediation of metal-
contaminated soil or water because they are
sometimes found in geothermal soils contain-
ing high levels of metals such as iron and lead.
In addition, they offer an opportunity to gain
insightinto cellular mechanisms of both ther-
motolerance and thermoresistance utilized by
higher (eukaryotic) organisms.

Geothermal soils and site character-
ization. Our investigations were mainly con-
ducted in the Amphitheater Springs area of
YNP (44.80°N/110.72°W), approximately
20 miles south of Mammoth Hot Springs.
At this field site (1a), we collected 37 cores
where the geothermally-heated soil tempera-
tures ranged from 3 to 107°C. Soil tempera-
ture was measured in several thermal areas,
and all thermal soils tested showed diurnal
fuctuations in soil temperatures that were
recorded by a datalogger with temperature
probes at 5 and 15 cm (Fig. 1). In almost
all geothermally-heated soil cores, the low-
est temperature occurred at the 5-cm depth
and the highest at the 15-cm depth (Table
1), a situation that was reversed in non-geo-
thermal soils, which ranged from 9 to 19°C
at 5-15 cm depths. Each core was sampled
at 5, 10, 15, and 20 cm depth. All geother-
mal soils tested had low organic carbon (OC)
levels (Table 2) and most geothermal cores
were acidic (pH 2.7 to 5.8). Geothermal
soils are acidic because of sulfuric acid pro-
duced by oxidation sulfides such as hydro-
gen sulfide (H,S) and pyrite (FeS,). This

Soil Analyses of Amphitheater Springs Cores 1-10

Soil
Site/ Depth oc P Pb Fe s S04
Core (cm) % uglg  pglg ug/g ng/g ugl/g

la-| 5.0 4.6 455 7.0 13,199 8,800 107.4

10.0 3.0 375 33 13,173 7,100 64.0

5.0 2.5 385 5.1 12,214 7,600 35.2

20.0 2.2 375 5.7 13,255 8,500 40.2

la-2 50 319 395 49 11,917 58,100 2445.6

10.0 2.5 365 49 13,449 15,100 595.2

5.0 2.2 375 35 13,121 12,900 523.8

20.0 2.1 419 6.0 13,269 15,400 447.8

la-3 5.0 59 565 8.4 10,146 18,500 114.1

10.0 2.7 435 6.9 12,551 15,500 100.0

5.0 39 655 7.3 5,175 15,600 206.0

20.0 2.3 410 6.1 7,635 59,700 212.4

la-4 5.0 95 540 179 13,959 13,000 23.8

10.0 35 368 8.2 16,87 8,100 38.7

5.0 2.3 250 3.6 14,818 9,500 27.6

20.0 2.2 250 39 14,645 13,100 27.8

la-5 50 16 725 19.3 4,082 11,400 319

10.0 32 564 19.6 1,123 5,700 8.4

5.0 39 528 5.9 3,065 5,600 6.0

200 184 610 19.8 4,642 12,700 333

la-6 5.0 4.5 22 7.4 7,737 42,000 23.0

10.0 2.7 326 39 4,959 3,800 21.6

5.0 2.7 410 4. 2,639 3,600 38.8

20.0 32 526 35 2,210 42,000 71.8

la-7 5.0 8.2 593 14.0 12,035 12,500 53.5

10.0 6.2 590 8.1 11,004 16,500 97.7

5.0 3.0 401 6.9 9,932 4,900 121.1

20.0 2.1 301 4.3 6,935 7,300 119.4

la-8 50 158 685 12.8 3,946 12,900 52.2

10.0 37 523 5.8 2,705 9,700 52.3

5.0 32 506 59 4,878 14,200 50.6

20.0 3. 515 4.0 4,115 12,900 574

la-9 50 104 660 152 4,145 13,700 275.8

10.0 42 436 120 4,600 9,200 90.5

5.0 1.7 243 10.2 3,603 64,000 6.7

20.0 0.6 94 6.4 1,002 2,700 8.4

la-10 5.0 39 302 1.6 2,993 9,500 254.7

10.0 2.0 199 14.6 2,684 11,000 474

5.0 1.3 142 180 1,926 3,900 21.8

Table 2. Analyses of organic carbon (OC), phosphorus (P), lead (Pb), iron
(Fe), total sulfur (S), and sulphate (SO,) in selected geothermal soil cores
from site la near Amphitheater Springs.
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acidity increases soil metal content by dissolving metal ions
and transporting them to the surface soil. Many of our
thermal soil samples had elevated levels of phosphorus, lead,
iron, and/or sulfur (Table 2). For comparison, non-geothermal
soils typically have greater than 12% OC and less than 5 pg/g
lead, 500 pg/g sulfur, and 100 pg/g iron.

With regard to vegetation cover at these sites, the geo-
thermally-heated soils displayed low plant diversity, with hot
springs panic grass (D. lanuginosum) typically the predominant
flowering plant species (Fig. 2).

Culturable thermotolerant and thermophilic fungi.
Fungi were cultured from two areas that had significant
temperature variation between and within soil core samples
(Table 1). Sixteen fungal species were cultured and screened
to determine optimal temperature and pH for growth (Table
3). Acremonium alabamense and Scolecobasidinm :p. were the
only true thermophilic isolates, because they grew at 55°C and
failed to grow at 25°C and 20°C, respectively. Six other species

(Absidia cylindro:pora, A:pergillus fumigatus, A:pergillus niger,
Penicillium :p. 1, P :p. 3, and P 1p. 4) exhibited thermotoler-
ant profiles; although they were unable to grow at 55°C, they
could grow when shifted to 35°C after exposure to 55°C for
one week. All other fungi reported in this study were not ther-
motolerant or thermophilic.

We also collected samples near individual plants or several
feet away from D. lanuginosum plants, the roots of which can
tolerate sustained temperatures of 50°C (Fig. 2). The number
of culturable fungi was 10-100 times less in soils that were
devoid of plants, which suggests that plants provide nutrients
and/or shelter for the fungi.

Extracellular enzyme activity and metal tolerance. All
fungal species tested exhibited some level of extracellular pro-
tease and/or cellulase activity, with the exceptions of Scolecoba-
sidium 1p. and Sporothrix :p. (Table 3). Hot springs panic grass
and other plants in geothermal soils likely provide nutrients
in root exudates for soil fungi. However, the fungi may also

Optimal Classification Extracellular Extracellular
Genus/Species Optimal pH' temperature? with temp. range? proteases cellulase
Absidia cylindrospora 5.0-6.0 (4.2) 35 (18°) TT (20-45°) + (pH7-8)* -
Acremonium alabamense 5.0 (3.9) 45 (44) TP (30-55) + (pH5-8) + (pH6-8)
Acremonium ochraceum 6.0 (3.6) 25-35 (55) M (20-45) ND ND
Aspergillus fumigatus 4.0 (5.8) 35 (68) TT (20-50) - + (pHé)*
Aspergillus niger 5.0(4.0) 35 (20) TT (20-45) + (pH7-8) + (pH8)
Chaetomium erraticum 6.0 (3.5) 35(52) M (20-45) - + (pH6-7)
Cunninghamella elegans 5.0 (4.8) 3520 M (20-45) + (pH7) -
Penicillium piceum 5.0 (4.8) 35 (28) M (20-45) - + (pH8)
Penicillium sp. | 5.0 (4.8) 35 (50) TT (20-45) + (pH5-7) + (pH8)
Penicillium sp. 3 5.0 (4.8) 35 (40) TT (20-40) + (pH5-7) -
Penicillium sp. 4 4.0 (4.2) 35(19) TT (20-45) + (pH5) + (pH7)
Penicillium sp. 7 5.0 (4.5) 25 (21) M (20-45) + (pH5-7) + (pH8)
Penicillium sp. 8 6.0 (4.7) 35 (68) M (20-45) ND ND
Scolecobasidium sp. 6.0 (4.7) 45 (21) TP (25-55) - -
Sporothrix sp. 6.0(4.2) 35 (27) M (20-45) - -
Torula sp. 5.047) 35 (26) M (20-45) ND ND

' pH of soil in parentheses

2 temperature (°C) of soil sample in parentheses
* M=mesophile (maximal growth below 50°C and can grow above 0°C), TP=thermopbhile (doesn't grow at 20°C and has an optimal temperature at

or above 50°C), TT=thermotolerant (temperatures=0°C)

4 pH secreted
ND =not determined

Table 3. Optimal pH, growth temperatures, and extracellular enzyme production of fungal soil isolates. Proteases are

enzymes that break down protein, and cellulases are enzymes that break down cellulose.
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Figure 2. D. lanuginosum at Amphitheater Springs with
rhizosphere (root zone) temperature reading above 50°C.

utilize plants as a nutrient source by establishing symbiotic or

saprophytic associations. Their production of extracellular
enzymes suggests that the fungi are saprophytic; that is, they
degrade and metabolize organic matter from dead plants.
Thermostable enzymes from fungi are gaining interest, in part
because of the ability of fungi to degrade a broad spectrum of
chemicals. It will be of interest to further investigate several
of these enzymes secreted by thermophilic or thermotolerant
fungi.

Some of Yellowstone’s geothermal soil fungi are apparently
also well adapted to high levels of iron and lead, and hence
may be useful bioremediating agents for metal-laden soils,
generated as waste products of the mining industry. Because
the geothermally modified soils studied often contained rela-
tively high levels of lead and iron, representative fungal isolates
were tested for their metal tolerance on media containing up
to 1,500 pg/ml of iron sulfate (FeSO,) and 200 pg/ml of lead
nitrate (PbNO3 Fig. 3). Almost all fungi from YNP that we
isolated grew on media supplemented with these two metals.
For example, growth of Acremonium ochraceum appeared unaf-
fected by 75 pg/ml PbNO,, and Cunninghamella elegans and
Sporothrix 1p. were unaffected by 100 pg/ml of PbNO, (Fig.

3A). Moreover, Chaetomium trilaterale and Sporothrix :p. grew
as well with FeS0, (500 and 1000 pg/ml, respectively) as with-
out supplemental iron, and Aspergillus fumigatus grew faster
with 750 pg/ml of FeS0, than without added iron (Fig. 3B).
In contrast, a typical soil fungus from non-geothermal soil,
Gaeumannomyces graminis, was unable to grow on these toxic
concentrations of iron and lead.

Endophytic Curvularia protuberata and its mutualis-
tic symbiosis with D. lanuginosum. As an endophytic fun-
gus, Curvularia protuberata is able to live inside plants, and is
exclusively associated with plants in geothermal soils (Fig. 4).
Opver the past 10 years we assayed for this fungus and found
it was present in 100% of >200 panic grass plants tested both
from at least seven different geothermal areas in Yellowstone
National Park and from an additional geothermal soil in Lassen
Volcanic National Park. To assess the effect of the endophyte
on the thermotolerance of D. lanuginosum, we germinated and
grew endophyte-free (non-symbiotic) plants and plants inocu-
lated with Curvularia (symbiotic plants). After several weeks

**control mesophilic fungus not isolated from YNP

Figure 3. Iron and lead tolerance by geothermal soil fungi
from Amphitheater Springs. A) Lead tolerance by different
isolates. B) Iron tolerance by different isolates. Metal
concentrations are listed on the right.
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Figure 4. Hyphae, composed of filamentous fungal cells, and adhesive cells of C.

protuberata on a D. lanuginosum leaf.

of growth at room temperature, these
plants were exposed to several days of
heat treatment. (In the laboratory, elec-
trical heat-tape was used to warm the
pots in which the plants were growing in
order to simulate the natural geothermal
heating of the roots). Endophyte-free
host plants shriveled and died after three
days of 50°C root zone temperature. In
contrast, symbiotic plants thrived dur-
ing this heat treatment. In addition, we
re-isolated C. protuberata from heated
plant roots of all the symbiotic plants.
Because C. protmberata cannot survive
this temperature when growing alone,
our finding that it survived inside the
plant provides evidence that the fungus
and the host plant provide mutual pro-
tection from thermal stress.

This was the first demonstration
of thermotolerance provided to both
symbiotic partners as a result of their
mutualistic interaction. Mechanisms of
thermotolerance are currently unknown,
but could include activation of plant
stress responses, ot the production of
fungal compounds that enhance plant
thermotolerance, desiccation tolerance,
or both. For example, fungal melanin, a
pigment that binds unstable oxygen rad-
icals generated during heat stress, could
provide thermotolerance. Future studies

Yellowstone Science 13(4) ¢ Fall 2005

will address these possible mechanisms.
Whatever the mechanism of thermotol-
erance, it is likely to operate in all popu-
lations of hot springs panic grass in Yel-
lowstone (and possibly Lassen Volcanic
National Park), because all plants tested
carry endophytic Curvularia.
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was the importance of training scien-
tists and managers to express them-
selves clearly, and to perceive of their
audience as consisting of far more than
other scientists. Drs. Gary Machlis and
Alice Wondrak Biel addressed this issue
in a description of The Canon National
Parks Science Scholars Program, and
the conference itself seemed to have
achieved this goal when Dr. Knight
declared that overall, it had been “not
just science for scientists.”

The conference was interdisciplin-
ary, as is its hallmark, with panels, ses-
sions, posters, and speakers covering
topics that ranged from remote sensing
to art history. Superintendent Suzanne
Lewis moderated a blue-ribbon panel
on Tuesday morning that featured for-
mer Yellowstone superintendent Bob
Barbee and local, high-level leaders
from the U.S. Forest Service, U.S. Fish
and Wildlife Service, and the National
Park Service, focusing on the history
and current challenges of the Greater
Yellowstone Coordinating Commit-
tee. There were also sessions on his-
tory, mammals, biocomplexity, water
resources, fire, human values, native
plants, and trophic cascade questions,
all with a cross-agency or cross-bound-
ary perspective.

Greater Yellowstone Public Lands was
sponsored by the Yellowstone Associa-
tion; Yellowstone National Park; the
Draper Museum of Natural History

More than 30 papers were presented and 20 posters displayed.

{Buffalo Bill Historical Center); Grand
Teton National Park; the University
of Wyoming—National Park Service
Research Center, Research Office,

and Ruckelshaus Institute (University
of Wyoming); the Rocky Mountains
Cooperative Ecosystem Studies Unit;
and the Greater Yellowstone Coor-
dinating Committee, consisting of
representatives from the National Park
Service (Grand Teton and Yellowstone
National Parks, John D. Rockefeller,
Jr., Memorial Parkway), the U.S. Fish
and Wildlife Service (National Elk Ref-
uge, Red Rock Lakes National Wildlife
Refuge), and the U.S. Forest Service
(Beaverhead-Deerlodge, Bridger-Teton,

Opening night in the Map Room, with emergency lights during the power outage.

Yellowstone Science 13(4) » Fall 2005

Caribou-Targhee, Custer, Gallatin,
and Shoshone National Forests). It was
planned and organized by the Resource
Information Office of the Yellowstone
Center for Resources, in conjunction
with other YCR staff and a program
committee of independent scholars and
non-Yellowstone federal agency person-
nel. The proceedings should be avail-

able sometime next year.

U.S. Forest Service Chief Dale
Bosworth gave the opening keynote.



FROM THE ARCHIVES

“Whether or not 1 shall be able to save them [the parks bison]
remains a doubtful problem. The forces of nature and the
hand of man are alike against them, and they seem to be
struggling against an almost certain fate.”

—Captain George S. Anderson, 1896
Acting Superintendent (f Yellowstone National Park

BIZBII# T13A 'STAIHOYY OLOHd dNA

C.J. (Charles Jesse) “Buffalo” Jones, then Yellowstone game warden, with a domestic cow and two
bison calves in the Mammoth Hot Springs area of Yellowstone National Park in the early 1900s. These
calves may have been among those in the captive herd that received milk from a domestic cow rather
than a bison. Brucellosis, caused by the bacterium Brucella abortus, may be transmitted through oral
contact with the afterbirth or milk from an infected cow.

13(4) * Fall 2005 Yellowstone Science

37



Our readers’ generosity helps to
defray printing costs.

Please use the enclosed card to make
your tax-deductible donation. Make checks
payable to the Yellowstone Association,
and indicate that your donation is for

Yellowstone Science. Hayden Valley in Yellowstone National Park.

) T T Y 1

Site of proposed Copperleaf development in Wyoming.

Coming this winter, Yellowstone Science features
the Panther Creek Volcano and microbial ecology.

YeLLOWSTONE
Dl liRINCE US POSTAGE PAID
Yellowstone Center for Resources National Park Service
PO Box 168 Dept. of the Interior

Yellowstone National Park, WY 82190 Permit No. G-83

CHANGE SERVICE REQUESTED



	Yellowstone science
	Marking Change
	FEATURES
	DEPARTMENTS
	NEWS & NOTES
	Yellowstone Grizzlies Proposed for Delisting
	Montana Bison Hunt Begins
	Draft National Park Service Management Policies Released for Public Review
	Yellowstone Receives Propane Bottle Recycler
	State and Federal Agencies Complete Five-Year Review of Bison Management Plan

	Passages — Francis J. Singer
	Francis J. Singer, 1949–2005

	Saving the Charmed Goose
	An Overview of the Greater Yellowstone Ecosystem and Its Significance
	Old West Meets New West
	Creating a Common Vision Across Boundaries
	Exurban Sprawl: “It won’t happen here”
	The Importance of a Well-Informed Public
	Blending the Best of Old West and New West to Create the Next West
	Literature Cited

	Do Groomed Roads Increase Bison Mileage?
	Background: Bison and Winter Roads in Yellowstone
	Summary:The Gates Report
	References

	Fungi in Yellowstone’s Geothermal Soils and PlantsJoan Henson, Regina Redman, Rusty Rodriguez, and Richard Stout
	Acknowledgements
	Literature Cited

	Book Reviews
	Decade of the Wolf by Douglas W. Smith and Gary Ferguson
	8th Biennial Scientific ConferenceExplores 21st–Century Conservation
	FROM THE ARCHIVES



