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Preface

National Park policy formanagement of ungulates within Yellowstone National
Park (YNP) has undergone major changes since Yellowstone, the world’s first
national park, was established in 1872. These changes, from little emphasis on
wildlife at the time of establishment to a major focus on wildlife today, have
accompanied an evolving interest in wildlife by the visiting public together with
increased understanding of the ecosystem relationships of wildlife by the
National Park Service. The ecological relationships of the elk, bison, and other
ungulates that inhabit the northern portion of YNP are, however, extremely
complex. Acquiring adequate knowledge of this complexity as a basis for park
management policy has been complicated by both the dynamic changes that
have characterized the system and the recognition that the natural boundaries
of this ecosystem extend well outside of YNP, largely to the north into
Montana. As a consequence, any management activities that may affect the
ungulates within YNP, such as previous reduction hunts and the more recent
reintroduction of wolves to the ecosystem, are not independent of land use and
associated human activities in the northern range area outside of the park.

The national park concept originated in the United States with the National
Park Service’s mandate for management of YNP has been to assure protec-
tion of the geological, landscape, and biological features for which it was
established and to provide opportunities for the public to visit and appreciate
its unique natural values. Interests and expectations of visitors to YNP regard-
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xii Preface

ing wildlife, although changing over time, have continued to influence wildlife
management policy within the park. An understanding of the ecological rela-
tionships of wildlife within the park is also an important component of national
park management. A major challenge for park management is to meet expec-
tations of the visiting public regarding wildlife, with the cumulative increase in
understanding of the ecology of park wildlife.

Within this context of ecosystem change and complexity, changing human
perspectives and interests in wildlife, and markedly differing land designations
and uses inside and outside of YNP, it is not surprising that controversy arose
over National Park Service policy toward ungulates within the park. The
National Research Council’s Committee on Ungulate Management in Yellow-
stone National Park, charged to review information of the population ecology
about ungulates on the northern range of the Greater Yellowstone ecosystem
and associated practices for their management, was cognizant of the diversity
of perspectives, concerns, and opinions that the public has expressed about
management policy for ungulates in YNP. The committee appreciated the
opportunity to hear from a wide range of people interested in the issues the
committee was asked to address during open forums in Gardiner, Montana,
and in Mammoth, Wyoming. The oral and written submissions, reports, and
publications provided to the committee by members of the public; the National
Park Service; the U.S. Forest Service; Montana Fish, Wildlife and Parks; the
Biological Resources Division of the U.S. Geological Survey; and other agency
representatives, were particularly valuable in our efforts to comprehensively
review all relevant information. We thank the following people who made
presentations to the committee: John Dennis of the Washington office of NPS;
Michael Finley, John Varley, Paul Schullery, Ann Johnson, and Wayne
Brewster of YNP; Steve Torbit of the National Wildlife Federation; rancher
Brian Severin; Mike Harris of Senator Conrad Burns’s office; Frederic H.
Wagner of Utah State University; Bob Beschta of Oregon State University;
Richard Keigley, Peter Gogan, and Kim Keating of the U.S. Geological Sur-
vey; Tom Lemke and Kurt Alt of Montana Fish, Wildlife, and Parks; Clifford
Montagne of Montana State University; Timothy Clark of Yale University;
Rex Cates of Brigham Young University; and members of the Northern
Yellowstone Cooperative Wildlife Working Group.

We hope the efforts of the committee, culminating in this report, will
enhance understanding of the complexity of the ecological relationships of the
ungulates of the Yellowstone northern range and will strengthen the scientific
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basis for effectively managing them within the context of the Greater Yellow-
stone ecosystem.

All members of the committee were generous in their commitment of time
through participation in the meetings, discussions, and writing of this consensus
report. We appreciate the assistance provided by National Research Council
staff Lee Paulson, David Policansky, Chris Elfring, Margaret Walsh, Kathy
Iverson, Stephanie Parker, Mirsada Karalic-Loncarevic, Kelly Clark, Ramya
Chari, and Jennifer Saunders, who supported our efforts to meet, discuss, and
prepare the final report. Of particular importance to the completion of the
report are the efforts of Lee Paulson, during the initial stage of committee
meetings and preliminary writing; Gordon Orians, who as liaison from the
Board on Environmental Studies and Toxicology, provided oversight, guidance,
and critical review; and David Policansky, who undertook the difficult and final
editorial task of melding and integrating the written contributions of committee
members.

David R. Klein, Ph.D.
Chair, Committee on Ungulate
Management in Yellowstone
National Park
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1Hoofed mammals.

1

Summary

THEGREATERYELLOWSTONE ECOSYSTEM (GYE) is a large and rich temper-
ate ecosystem that includes a variety of natural landscapes and supports di-
verse human activities. It provides economic, recreational, educational, and
aesthetic benefits and has a growing resident human population. At the heart
of the ecosystem is the 8,991-km2 Yellowstone National Park (YNP)—de-
clared the world’s first national park in 1872, made a biosphere reserve in
1976, and added to the World Heritage List in 1978. Seven ungulate1 species
are native to the region: elk, mule deer, bison, moose, bighorn sheep, prong-
horn, and white-tailed deer. All the native large predators are present: grizzly
bear, black bear, coyote, mountain lion, and the reintroduced gray wolf.

YNP faces peculiar and complex management challenges. One of the
most contentious issues is the management approach in place since the late
1960s called “natural regulation.” Under natural regulation, ecological pro-
cesses within the park generally are left to function free of direct human inter-
ventions, or, as described by the National Park Service (NPS), “natural envi-
ronments evolving through natural processes minimally influenced by human
actions.” Concern has centered on the ecosystem of the northern range of
YNP, especially about the effects of natural regulation on ungulate populations
and subsequently their effects on vegetation.
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2 Ecological Dynamics on Yellowstone’s Northern Range

2See Chapter 1 for the committee’s full statement of task and a description of its
methods.

Ungulates that graze within YNP for much of the year often winter in the
northern range in and adjacent to the park. Two-thirds of the northern winter
range is within YNP; one-third is north of the park boundary on public and
private lands (Figures 1-1 and 1-2 in Chapter 1). Elk and bison populations in
the northern range have increased dramatically in recent years, particularly in
years with mild winters, leading some scientists and members of the public to
question the appropriateness of the park’s natural-regulation policy. These
critics believe the northern winter range is overgrazed and that woody vegeta-
tion and riparian areas are being damaged, mainly by elk. Further, they see
overgrazing by elk and bison as contributing to serious erosion and stream
degradation. However, other scientists and resource managers note that ungu-
lates have influenced vegetation on the northern range for thousands of years
and believe that natural density-dependent factors such as forage availability,
predation, and disease are regulating population dynamics so that current con-
ditions fall within the natural range of variability.

In recent years, the controversy over natural regulation has heightened,
especially in the northern range—wintering range of Yellowstone’s elk herds.
In 1998, the U.S. Congress directed the NPS “to initiate a National Academy
of Sciences review of all available science related to the management of ungu-
lates and the ecological effects of ungulates on the range land of Yellowstone
National Park and to provide recommendations for implementation by the Ser-
vice.” In response to that mandate, the National Research Council convened
the Committee on Ungulate Management in Yellowstone National Park. This
committee of experts was charged to review the scientific literature and other
information related to ungulate populations in the Yellowstone northern range
and to attempt to clarify what is known and not known about natural regulation
and the ecological effects of elk and bison populations on the landscape.2 The
committee’s geographic focus has been Yellowstone’s northern range. The
committee’s evaluation addresses the issue from a scientific perspective,
which deals with onlypart of a multifaceted problem that includes sociological,
economic, aesthetic, and other important dimensions beyond the scope of this
study.

Copyright © National Academy of Sciences. All rights reserved.

Ecological Dynamics on Yellowstone's Northern Range��� 
http://www.nap.edu/catalog/10328.html

http://www.nap.edu/catalog/10328.html


Summary 3

NATURAL REGULATION

Natural regulation is the current NPS policy for managing ungulates and
other ecosystem components within YNP. In theory, natural regulation means
simply “free of direct human manipulation.” The intent is to allow the biologi-
cal and physical processes within the park to function without direct human
intervention. A more accurate definition of natural regulation as practiced by
NPS in YNP is that it attempts to minimize human impacts on the natural
systems of the park. Implementing natural regulation is difficult because the
NPS must accommodate the millions of visitors to YNP annually and control
naturally caused fires that threaten human life and buildings. Although YNP’s
natural regulation policy involves little intervention within the park, ecological
processes in the region are profoundly influenced by human activities outside
the park.

The underlying belief that national parks should, to the maximum extent
possible, harbor natural ecosystems has fostered extensive debates about how
to react to ecosystem change in the parks and how to determine when such
change is caused by humans. In Yellowstone, the controversy concerns
whether human activities have caused ungulate populations to grow too large
for the ecosystem, or whether observed changes in the ecosystem are due to
natural variability in factors such as climate. If the changes are caused by
humans, YNP’s natural regulation policy presumably would allow intervention
to mediate the effects. If they are not caused by humans, intervention would
be inappropriate. The problem of differentiating human-caused from natural
change is complex because no ecosystem on earth is entirely unaffected by
human activity. Thus, defining “natural” is difficult. In view of the profound
changes that have occurred within the GYE, such as increased development
of roads and housing in areas adjacent to the park, it is no longer possible to
have an ecosystem that is truly natural—that is, containing the same numbers
and distributions of all the species of plants and animals that were there before
European settlement, let alone before Native American populations arrived.
YNP may contain many of the same species, but they can no longer respond
to change as they used to by dispersal and migration.

To understand the controversy about ungulate management in YNP and
evaluate management options, it is also important to understand the distinction
between policy and practice. A policy is formal and is used to determine
present and future decisions. A practice, which is less formal and more flexi-
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4 Ecological Dynamics on Yellowstone’s Northern Range

ble, is the actual action of fulfilling a management concept. Natural regulation
clearly is regarded as a policy by YNP resource managers. As a result, if a
change in the ecosystem is natural, then management intervention is contrary
to park policy, whereas if change results from an action implemented by the
park or other human causes, then management is considered appropriate. If
natural regulation were only YNP’s practice, perhaps the debates could focus
more on the actions and their outcomes and less on whether they were consis-
tent with a policy. Also, adaptive management would be easier to pursue.

The controversy over natural regulation in Yellowstone revolves primarily
around the question of whether ecological processes within the ecosystem are
seriously disrupted. Because some component of the ecosystem may appear
to be disrupted—e.g., effects of heavy grazing in the northern range and deg-
radation of its riparian areas—some people criticize natural regulation. Sup-
porters of natural regulation argue that, in the face of constantly changing
biotic and abiotic environments, current conditions are within the range of
natural variation and that Yellowstone is not in ecological trouble. Therefore,
one of this committee’s tasks was to evaluate whether conditions in the north-
ern range ecosystem are outside the range of what might be expected based
on comparisons with similar ecosystems elsewhere and historical information
about the GYE. The committee also addressed whether current conditions if
allowed to continue, are likely to lead to substantial and rapid change in any
major ecosystem components or processes.

PERSPECTIVE: FROM PREHISTORY TO THE PRESENT

Abiotic Factors

In addition to recent human-caused changes, the ecological processes of
YNP have been profoundly influenced over the long term by changes in the
physical environment. Climate change has been important during the past
10,000 years. Average temperature and precipitation have changed substan-
tially over this period and continue to fluctuate over periods as brief as a few
decades. The Little Ice Age, which ended in the late 1800s, was a cooler and
wetter climate than that of the 1900s, during which no substantial trend in
either temperature or precipitation is evident. There have been drier and
wetter times, and the past century has been characterized by somewhat less
snowpack and fewer very snowy years than the previous century.
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Over millennia, geological events, including mudslides, erosion, and de-
structive earthquakes such as the one that struck in 1959, have recurred over
the centuries and continue today. In the shorter term, on the order of centu-
ries, the influence of geological events is not usually enormous (except for
cataclysmic earthquakes or eruptions), but it is noticeable and is perhaps the
largest factor influencing the valley floors. The major floods of 1996 and 1997,
which caused changes in the park’s streams and their associated riparian
communities, are examples of rapid geomorphological change.

Fires also have been part of the GYE for millennia. Major fires appear to
occur every few hundred years, usually during particularly dry periods. Small-
er fires occurred approximately every 20-25 years in the northern portion of
YNP before the initiation of fire-control measures in the late 1800s. Natural
fires were suppressed in YNP through most of the twentieth century until that
policy changed in 1972. The major fires of 1988, which occurred in a very dry
period, affected about 36% of YNP.

Biotic Factors

Plants

Although the northern range is primarily a shrub-steppe interspersed with
Douglas-fir and lodgepole-pine forests, willows and aspen, which occupy only
a small percentage of the range, have been the focus of scientific and public
attention. Aspen spread clonallyand typically regenerate by root sprouting with
occasional episodes of seedlingestablishment. Thus, clones may be much older
than the age of the oldest tree-sized stem. Recruitment (i.e., entry into the
population) appears to have occurred through about 1920. Since 1920, how-
ever, recruitment of tree-sized aspen has been almost nonexistent. In most
parts of the northern range, the sizes and aereal coverage of riparian willows
and cottonwoods have decreased since the early 1900s. Most tree species that
burned in the fires of 1988 successfully reseeded and regrew. Aspen vigor-
ously reproduced by sprouting and seed germination, but browsing has pre-
vented recruitment of tree-sized individuals. No systematic changes in abun-
dance of other tree species have been documented, although there is evidence
of expansion of coniferous forests into shrub and grassland areas.

Sagebrush and grasses have changed little at higher elevations in the north-
ern range, locations not heavily used by elk in winter. But the cover and den-
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sity of sagebrush and other shrubs has been greatly reduced at some lower
elevation sites, especially areas near the northern border of YNP. Introduced
timothy grass has spread widely in the northern range’s Lamar Valley, and
elsewhere in YNP.

Animals

Humans have used the area that is now YNP since the end of the last
glaciation, about 10,000 years ago. This long history of human use has helped
investigators to identify other species that were once present because humans
(along with some other predators) tend to deposit animal and plant remains in
concentrated areas. Based on evidence from this prehistoric period, it is clear
that all the major ungulates and predators now occupying YNP, as well as
many of the smaller animals, have been present for at least the past 10,000
years. However, it is impossible to estimate historical abundances of those
species; all that can be stated with confidence is that they were present in
large enough numbers that their remains can be found.

Reliable population estimates for elk in the northern range became avail-
able only with the initiation of aerial surveys in 1952. Historical records since
the 1860s report encounters with elk, bison, grizzly bears, and other mammals,
but they do not permit estimates of the densities of those mammals in and
around YNP. Thus, it is not possible—and probablynever will be possible—to
have good estimates of the populations of elk and bison in the northern range,
annually and seasonally, between about 1870 and 1920, a focal period for the
controversy over aspen and other vegetation.

From the 1930s through the 1960s the NPS hunted and trapped elk to
reduce their populations because park scientists during this period considered
the northern range highly degraded by an excessive population of elk. By the
late 1960s, when YNP adopted natural regulation, the northern range elk popu-
lation had been reduced from some 10,000 animals to fewer than 5,000. But
by the late 1980s, as many as 20,000 elk were on the northern range. Approxi-
mately 12,000 elk were on the northern range in 1999, with approximately
120,000 in the GYE as a whole. As of the most recent census (2000), roughly
2,500 free-ranging bison were also present in the GYE. Other ungulate popu-
lations in the GYE have also fluctuated over time; pronghorn apparently are
declining, with only about 200 remaining in the late 1990s.

During various periods after the park was established in 1872, ungulates
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were fed in winter, hunting was restricted, and predators were killed. Predator
populations (e.g., mountain lions) were reduced and wolves were extirpated.
Of the major predators, the best current population estimates are for wolves,
which were reintroduced to YNP in 1995. Today (2001) about 160 wolves
reside in YNP, 50 of which are on the northern range. There are perhaps 300
grizzly bears, between 1,000 and 2,000 black bears, and a few hundred moun-
tain lions in YNP and environs. Coyote populations have been reduced by
wolves; for example, the coyote population in the Lamar Valley dropped from
80 in 1995 to 36 in 1998.

Although beavers in the northern range have never been accurately count-
ed, it is clear that their populations have declined dramatically since the 1920s.
The reasons for and the effects of that decline remain uncertain, although they
include commercial trapping in the decade after the park’s establishment.
There is controversy about whether the decline in beaver populations is related
to changes in aspen recruitment and changes in riparian vegetation communi-
ties.

CONCLUSIONS

Animal Populations

Factors whose influences are related to population density (called density
dependent) interact with factors whose influences are not (called density
independent) to regulate elk and bison populations in the northern range. There
is a strong density-dependent signal in northern range elk and bison population
dynamics, but their responses differ: bison tend to expand their range to areas
outside YNP when their population exceeds roughly 2,500, whereas reproduc-
tive rates in elk decline when their populations exceed roughly 15,000. In addi-
tion to density-dependent factors, elk and bison populations also are affected
by density-independent factors such as weather and because ungulates and
their food do not always vary in a synchronous way. Thus, some ungulate
populations tend to fluctuate regardless of human management intervention.

The pronghorn population has fluctuated widely during the past century
and has been declining recently. Adverse factors include coyote predation and
hunting on private land outside the park. Also, pronghorn may be affected by
competition for food with elk, mule deer, and bison during severe winters.

Wolves also affect the population dynamics of ungulates as well as those
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3Plants defend themselves from predation in two main ways: (1) defense struc-
tures, such as thorns, and (2) toxicity and unpalatability caused by so-called “secon-
dary chemicals.” These compounds may be directly toxic or they may reduce the food
value of the plant—for example, by reducing the availability of the leaf tissue protein
to the animal gut.

of other predators in YNP. The nature and magnitude of the effects are not
predictable at present, because the reintroduction was so recent (1995), but it
is likely that wolves will reduce elk numbers. They almost certainly will cause
changes in the behavior of ungulates, especially elk, including changes in areas
where the elk spend time. The effect of wolves on bison is likely to be less
variable and dramatic than their effect on elk, because elk are their primary
prey in YNP.

Ungulates and Vegetation

Currently, in the northern range, herbivory by elk on young aspen is intense
and has probably prohibited recruitment since 1920. Although there have been
fluctuations in climate since 1920, none has been large enough or persistent
enough to account for the failure of aspen recruitment. A plausible hypothe-
sis—and it is no more than that at present—is that wolves, before their extirpa-
tion, affected the distribution and abundance of elk so that at least some re-
cruitment of tree-sized aspen and tall growth of willows could occur. Recent
restoration of wolves to YNP may allow evaluation of their role in aspen and
willow recruitment and maintenance, but scientific information is lacking to
understand the role of past development and hunting outside the park on elk
behavior and migration patterns.

All tree-sized aspen in the northern range are now more than 80 years old,
and in the absence of recruitment their abundance will continue to decline.
Species associated with aspen will likely decline along with tree-sized stems.
Elk also are reducing the size and areal coverage of willows. Defensive chem-
icals3 in riparian woody vegetation may influence herbivory; however, their
role in the decline in stature or loss of willows and riparian vegetation in the
northern range during the past century is not known.

The architecture, size, recruitment, and coverage of sagebrush have been
changed by elk, pronghorn, bison, and mule deer. The effects are more signifi-
cant at lower than at higher elevations in the northern range.
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Composition and productivity of grassland communities in the northern
range have not changed much with increases in herbivory. Humans have
caused some changes (e.g., the introduction of timothy grass and other
exotics). Other changes might have occurred before careful inventories were
taken and may not be detectable. Although conifer forests are used by ungu-
lates, there is no evidence that ungulates affect their species composition.

Summer range does not seem to be limiting to the ungulate populations in
YNP. Densities on the summer range are relatively low because the animals
spread out over larger areas than in the winter range. There is little evidence
for an ungulate effect on the summer range communities, with the exception
of young aspen, which are heavily browsed.

The Northern Range

The condition of the northern range is different today than when Euro-
peans first arrived in the area. This has led some people to conclude that
something is “wrong” with YNP’s northern range. Such conclusions reflect
subjective value judgments in addition to objective observations. For example,
some people compare the northern range unfavorably with nearby ranches, but
that reflects a mixing of values. Ranching seeks high production for human
uses, but YNP seeks to preserve a natural environment and the species and
ecological processes within it. The committee recognizes that such value
judgments influence debates about YNP but has focused this report on scien-
tific information and conclusions.

The committee judges that the changes in the northern range are the result
of the number of ungulates in the area combined with biophysical factors such
as climatic variability, but current methods do not allow us to separate the
relative contributions of each of these effects. However, the committee con-
cludes, based on the best available evidence, that no major ecosystem compo-
nent is likely to be eliminated in the near or intermediate term. Further, al-
though we recognize that the current balance between ungulates and vegeta-
tion does not satisfy everyone—there are fewer aspen and willows than in
some similar ecosystems elsewhere—the committee concludes that the north-
ern range is not on the verge of crossing some ecological threshold beyond
which conditions might be irreversible. The same is true of the region’s sage-
brush ecosystems, despite reductions in the number and size of plants at some
lower elevations.
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Natural Regulation

The conclusions in this report should not be interpreted either as a criticism
or as a vindication of YNP’s natural regulation policy other than to say that it
has not been associated with ecological disaster. “Natural” cannot be unam-
biguously or objectivelydefined. In addition, human activities adjacent to YNP
have large effects on the animals present at least seasonally within the park.
The animals do not have free access to the adjacent areas that formerly were
available to them as migration corridors and winter range. For these reasons,
true natural regulation in YNP—that is, really letting nature take its course
with no human intervention—is not possible.

YNP’s practice of intervening as little as possible in the ecology of ungu-
lates within YNP will likely allow the persistence of the northern range ecosys-
tem and its major components as long as there is no large change in climate.
If the NPS decided that it needed to intervene to protect species like aspen and
the species that depend on tree-sized aspen stems, localized interventions
would be prudent. For example, if YNP decided to maintain tree-sized aspen
in the park, putting exclosures around some stands would be less potentially
disruptive than eliminating ungulates or reducing their numbers. The most
effective way to reduce ungulate numbers in YNP would be to shoot them
(unless wolves have a larger effect than currently expected). Earlier shooting
of elk in YNP provoked strong public protest. Without strong scientific justi-
fication for doing so, which the committee cannot provide, future shooting of
elk in YNP would provoke strong public protest again, and its benefit would be
unclear at best.

We emphasize again that large ecosystems in general and YNP’s northern
range in particular are dynamic. Ecosystems change in unpredictable ways.
The recent addition of wolves, which has restored an important component of
this ecosystem, adds to the dynamism and uncertainty, especially in the short
term. Whether viewed as an experiment or not, the near future promises to
be most instructive about how elk and other ungulates interact with a complete
community of predators.

RECOMMENDATIONS

Given the complexities involved in managing Yellowstone’s dynamic eco-
systems, there is a continuing need for rigorous research and public education.
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The committee offers the following recommendations designed to enhance
understanding of the key processes that affect Yellowstone’s ungulate popula-
tions, vegetation, and ecological processes.

Park Management and Interpretation

• To the degree possible, all management at YNP should be done as
adaptive management. This means that actions should be designed to maxi-
mize their ability togenerateuseful, scientificallydefensible information, includ-
ing quantitative models, and that the results of actions must be adequately
monitored and interpreted to provide information about their consequences to
guide subsequent actions.

• There is insufficient scientific knowledge available to enable objective
comparison of different management approaches and understanding of the
consequences of management choices. Thus, long-term scientific investiga-
tions and experiments to provide solid scientific evidence for evaluating man-
agement options are needed.

• The NPS educational and outreach program can playan important role
in fostering public understanding of the complex and dynamic nature of ungu-
late ecology in the GYE, which is an essential adjunct to effective management
of the northern Yellowstone ungulates. In this regard, we encourage the NPS
to increase their focus on entire ecosystem relationships, processes, and dy-
namics of the GYE, especially emphasizing the importance of primaryproduc-
tion (conversion of sunlight to stored carbon by plants) and trophic-level (i.e.,
hierarchical levels in the food web) relationships.

Vegetation

• A rigorous study focusingon current aspen populations throughout the
GYE should be undertaken to quantify the relative importance of the factors
known or hypothesized to influence aspen stand structure. It should include
the use of an increased number of large exclosures with a long-term commit-
ment to monitoring the effects of restricting herbivory by ungulates. The study
sites could be discussed in the NPS ecosystem interpretive program.

• The most important driving variables that affect the modified riparian
ecosystems in these areas today, especially the relationship between herbivory
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and groundwater availability, need to be carefully examined. This should
include an understanding of fluvial processes, surface and groundwater hydrol-
ogy, and biotic processes.

• Research and monitoring should continue on northern-range sage-
brush–grassland communities.

• Research to determine whether it is possible to differentiate ungulate
use of tall and short willows on the basis of both the food-deprivation levels of
the ungulates (i.e., winter starvation) and levels of defensive chemicals in the
plants is needed.

Animal Populations

• The behavioral adaptations of elk and other ungulates as well as
changes in their patterns of habitat use as a consequence of the presence of
the wolf as a large predator newly restored to the system should be closely
monitored as a basis for understanding the dynamic changes that are taking
place within the system.

• The changes taking place in the interactions among the large predators
of YNP and their effects on the trophic dynamics of the ecosystem should be
closely monitored as the reintroduced wolves become an established compo-
nent of the system.

• Thorough study of current and likely future trajectories of the prong-
horn population and the role of human impacts on this population, including
disturbance by visitors and the Stevens Creek bison facility, is needed. The
study should evaluate the likely consequences of a full range of potential man-
agement options from doing nothing to actively controlling predators and pro-
viding winter feed.

• Periodic surveillance for pathogens (including brucellosis) in wild
ruminants in the northern range should be continued, and a more thorough
understanding of population-level threshold dynamics gained. Samples could
routinely be obtained from animals immobilized for research, found dead, or
killed by hunters.

Biodiversity

• A periodic and comprehensive biodiversity assessment every 10 to 15
years is needed on the northern range to evaluate potential direct and indirect
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impacts of ungulate grazing, for both terrestrial and aquatic environments.
Indicator species that reflect habitat change should be identified. Those spe-
cies should be monitored intensively between comprehensive assessments.

Human Influence

• A comprehensive research effort is needed to assess the influence of
seasonal densities, distribution, movements, and activities of people within YNP
and adjacent areas on wildlife species, their habitat use patterns, behavior,
foraging efficiency, effects on vegetation, and other aspects of their ecosystem
relationships.

• The effects of changing land-use patterns in the landscape surrounding
Yellowstone must be understood with regard to its expected influence on the
park’s biota and natural processes, such as fire.

EPILOGUE

GYE is dynamic, and change is a normal part of the system as far back as
we have records or can determine from physical evidence. Based on that
record of change, it is certain that sooner or later the environment of GYE will
change in ways that cause the loss of some species and changes in community
structure. If human-induced changes are taken into account, both within GYE
and globally, that circumstance is likely to be sooner than would otherwise
occur.

Although dramatic ecological change does not appear to be imminent, it is
not too soon for the managers of YNP and others to start thinking about how
to deal with potential changes. Before humans modified the landscape of the
GYE—limiting access to much of lower elevation wintering areas and inter-
rupting migration routes—animals could respond to environmental changes by
moving to alternative locations. Over a longer time frame, plants could adapt
as well, although to a lesser degree, especially in places with significant topo-
graphic relief. But many options that organisms formerly had for dealing with
environmental changes have been foreclosed because of human development
in the region. Human-induced climate change is expected to be yet another
long-term influence on the ecosystem. A future challenge for the GYE area
and other wildlands will be reconciling the laudable goals of preserving ecosys-
tem processes with human interests and influences. That reconciliation will
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require resolvingconflictingpolicygoals, bolstering incomplete scientific infor-
mation, and overcoming management challenges. Doing so will require all the
vision, intellectual capacity, financial resources, and goodwill that can be
brought to bear on them.
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1

Introduction

BACKGROUND AND CHARGE TO THE COMMITTEE

THEGREATERYELLOWSTONE ECOSYSTEM (GYE) is a large and rich temper-
ate ecosystem (Figure 1-1). It includes six national forests, Yellowstone
National Park (YNP), Grand Teton National Park, and two national wildlife
refuges. It contains the largest functional geothermal basin in the world. More
than 1,700 plant species have been identified in the GYE; 80% of the area is
forested. Ten species of fish, 24 of amphibians and reptiles, more than 300 of
birds, and 70 of mammals are present in the GYE in addition to thousands of
invertebrate species. This rich and varied ecosystem supports diverse human
activities; provides economic, recreational, educational, and aesthetic benefits;
and has a growing resident human population. At the heart of the ecosystem
is YNP—established as the world’s first national park in 1872, made a bio-
sphere reserve in 1976, and added to the World Heritage List in 1978.

YNP, which encompasses 899,139 ha (8,991 km2), faces peculiar and
complex management challenges. In the 128 years since YNP was estab-
lished, a variety of management policies and strategies have been used to fulfill
the park’s mission and its relationship to the American public’s desire for
expanded tourism and recreational opportunities. The concurrent changes in
societal values and attitudes toward the natural environment have complicated
management of YNP over this time. Adding to the management challenges
is the knowledge that management approaches implemented in YNP, the
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FIGURE1-1 TheGreater Yellowstone
Ecosystem. Source: Clark et al. 1999.
Reprinted with permission; copyright
1999, Yale University Press.
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1Hoofed mammals.

FIGURE 1-2 Yellowstone’s northern winter range. Source: YNP 1997.

nation’s premier park, influence management in otherparks in this country, and
throughout the world, as well as affect the economic bases of neighboring
states, where wildlife viewing, recreation, and hunting are important. One of
the most contentious approaches, applied since the late 1960s, is the policy of
“natural regulation.” Concern has centered around the effects natural regula-
tion might have on ecosystem processes, particularly in the northern winter
range of ungulates of the GYE (Figure 1-2). Under natural regulation, ecologi-
cal processes and physical influences—such as primary production, foraging,
competition, weather, predation, and animal behavior—determine or limit
population dynamics, rather than hunting and other human interventions.

Seven ungulate1 species are native to YNP: elk (Cervus elaphus), mule
deer (Odocoileus hemionus), bison (Bison bison), moose (Alces alces),
bighorn sheep (Ovis canadensis), pronghorn (Antilocapra americana), and
white-tailed deer (Odocoileus virginianus). Mountain goats (Oreamnos
americanus) are not native to the park, but their numbers are increasing from
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introductions made outside YNP, particularly in the Absaroka, Gallatin, and
Crazy Mountain ranges of Montana. All native large predators are present,
including the grizzly bear (Ursus arctos), black bear (Ursus americanus),
coyote (Canis latrans), mountain lion (Felis concolor), and the reintroduced
gray wolf (Canis lupus).

Ungulates that graze within YNP for much of the year often winter on the
northern range in and adjacent to YNP. The northern range, a mixture of
grassland and forest approximately 153,000 ha in area, encompasses lands
along the Yellowstone River and Lamar River basins lower than 2,255 m from
the junction of Calfee Creek and the Lamar River in the east to the area
around Dome Mountain and Daly Lake in the west. Two-thirds of the north-
ern winter range is within YNP; one-third is north of the park boundary on
public and private lands (Houston 1982, Clark et al. 1999) (Figure 1-2). The
pre-European winter range included the lowlands north of the park now
devoted to agriculture, ranching, and rural residences.

Elk and bison populations have increased markedlyduring the past century,
particularly in years with mild winters, leading some scientists to question the
appropriateness of the park’s natural-regulation policy. Claims have been
made that the northern winter range is overgrazed and that woody vegetation
and riparian areas are being destroyed. Because they are the most abundant
ungulate species, elk have been held primarily responsible for these effects.
Elk commonly browse woody vegetation, such as aspen, cottonwood, and
willow, especially in winter. The claim is that they have eliminated much of
the riparian-zone woody vegetation and are preventing generation of aspen and
cottonwood stands, thereby reducing food sources for other species, such as
beavers, moose, deer, and grizzly bears. Stream degradation and serious
erosion have also been attributed to overgrazing by elk and bison. The spread
of diseases, especially brucellosis, among dense populations also is a concern.
However, other scientists claim that ungulates have influenced vegetation on
the northern range for thousands of years when natural density-dependent
factors such as forage availability, predation, and disease regulated population
dynamics and that current effects fall within the natural range of variability.

Because the controversy over natural regulation has heightened recently,
in the 1998 appropriations to the U.S. Department of the Interior, Congress
(the House Appropriations Committee report) stated: “A number of scientists
question the natural regulation management program conducted by Yellow-
stone National Park as it relates to bison and elk, while others defend the
approach. The Committee wishes to resolve the issue of population dynamics
of the northern elk herd as well as the bison herd. The Committee thus directs
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the [National Park] Service to initiate a National Academy of Sciences (Board
on Environmental Studies and Toxicology) review of all available science
related to the management of ungulates and the ecological effects of ungulates
on the range land of Yellowstone National Park and to provide recommenda-
tions for implementation by the Service” (HR Report 105-163; appropriations
in 105-83).

In response to that mandate, the National Research Council convened the
Committee on Ungulate Management in Yellowstone National Park. The
committee is composed of experts with backgrounds in ungulate ecology,
wildlife biology, animal/veterinaryscience, animal population modeling, grass-
land ecology, riparian ecology, climatology, hydrology and geomorphology,
landscape ecology, and soil science. These experts were charged to review
the scientific literature and other information related to ungulate populations on
the Yellowstone northern range, particularly as they relate to natural regulation
and the ecological effects of elk and bison populations on the landscape. Much
of YNP is not noticeably affected by current management practices. The
northern range, however, where Yellowstone’s elk herds spend the winter, is
the origin of much controversy, and the geographic focus of this study. The
following specific scientific questions were addressed within the context of the
park’s goals:

• What are the current population dynamics of ungulates on the northern
range of the GYE?

• To what extent do density-dependent and density-independent factors
determine average densities and fluctuations in populations of YNP ungulates?

• What are the consequences of continuing the current natural regulation
practices (e.g., on range condition, habitat for other species, risk of disease
transmission)?

• How do current ungulate population dynamics and range conditions
compare with historical status and trends in those processes?

• How do current ungulate population dynamics in the GYE compare
with other North American grasslands and savanna ecosystems that still have
native large predators?

• What are the implications and limitations for other natural regulation
practices applied to other biota?

• What gaps and deficiencies in scientific knowledge should future
research attempt to address?

During its analyses, the committee identified other topics relevant to its charge
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and important to evaluating the consequences of current ungulate management
strategies in YNP.

The committee met four times over the course of its deliberations. Meet-
ings were held in Gardiner, Montana, and in Mammoth Hot Springs, Wyoming,
to permit committee members to see the northern range in summer and winter
and to obtain input from federal and state agency personnel and members of
the public who are intimately familiar with the issues. The committee is
aware of the deeply held convictions of many different parties and the difficul-
ties faced by land and animal managers in the GYE. This consensus report
presents the committee’s scientific evaluations of the issues it was asked to
address. The committee recognizes that these evaluations are only part of a
multifaceted problem that includes sociological, economic, and other important
dimensions that it was not asked to evaluate.

NATURAL REGULATION

Natural regulation is the current National Park Service (NPS) policy for
management of ungulates and other ecosystem components within YNP. As
currently practiced, natural regulation means simply “free of direct human
manipulation.” The intent is to allow the biological and physical processes
within the park to function without human influence. Implementation of the
policy includes letting wildfires burn freely and prohibiting hunting within the
park. However, NPS has other policy mandates within YNP that might not be
consistent with natural regulation. For example, the National Park Organic
Act of 1916 prescribes that “[t]he fundamental purposes of said parks is to
conserve the scenery and the natural and historic objects and the wildlife
therein and to provide for the enjoyment of the same in such a manner and by
such means as will leave them unimpaired for the enjoyment of future genera-
tions.” It is of course not possible to construct and maintain a road system
within the park, with associated public facilities and services, “to provide for
the enjoyment” of the three million visitors who currently visit the park annu-
ally, without affecting the scenery, vegetation, and animal life.

A more realistic definition of natural regulation as practiced by NPS in
YNP is that it attempts to minimize human effects on the natural systems of
the park. The National Park Service 1988 Management Policies describes the
management strategy as “natural environments evolving through natural
processes minimally influenced by human actions.” Under this policy, some
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interventions have been allowed. For example, to restore natural predation
processes, wolves were reintroduced. To gain a better understanding of
ungulate ecology in the park, there has been some manipulation of animals and
vegetation through live capture, the equipping of animals with radio transmit-
ters, and the use of fenced enclosures to assess plant growth in the absence
of grazing and browsing. Research is also undertaken to satisfy NPS man-
dates to better facilitate management of visitors to the park, to minimize their
impact on wildlife and vegetation, and to enhance public enjoyment by provid-
ing interpretive information about the ecology of the park. Where these
mandates conflict with preservation of natural environments and processes,
conservation is considered the park’s primary responsibility (NPS 2001).

NPS also influences the behavior and movement patterns of ungulates and
their predators through control and routing of park visitors in both summer and
winter. YNP biologists and managers participate in the Northern Yellowstone
Cooperative Wildlife Working Group, which includes NPS; Montana Fish,
Wildlife and Parks; Gallatin National Forest; and the Biological Resources
Division of the U.S. Geological Survey. They also provide advice and make
recommendations in the development of management policy for YNP ungu-
lates when they are outside of the park, where human interventions are more
pervasive.

Although YNP’s natural regulation policy attempts to minimize human
intervention within the park, this does not characterize the policies that affect
ungulates when they are outside the park. In other words, YNP is an ecologi-
cal island whose processes are influenced by human activities in the surround-
ing area. These activities, which strongly influence YNP wildlife, include
agriculture, ranching, and hunting. Thus, even if there were no human inter-
vention within YNP, ecological processes there would be profoundly influ-
enced by human activities elsewhere. In this sense, management can, at most,
be only partly natural.

What Is Natural?

Climate displays a great deal of variability, even over the ecologicallyshort
period of 100 to 200 years. Other ecological processes also fluctuate with time
but fluctuations may fall outside natural variability if driving factors create
extraordinary responses. The limits of variability of an ecosystem process or
component can be known only if those attributes have been examined with
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appropriate tools using long-term analyses. This has not been the case for
YNP. How, then, can a reasonable standard be found to indicate what range
of conditions on YNP’s northern range is natural? The historical sequence of
interacting biotic, environmental, and anthropogenic factors is unrepeatable,
which makes it difficult to identify “natural baseline conditions” (Anderson
1991, Patten 1991). It follows, therefore, that if the natural regulation policy
assumes that all processes under the policy are functioning in a natural fashion,
any outcome of the policy would also have to be termed natural. However,
our lack of understanding about previous conditions and current dynamics
makes it difficult to reject either the hypothesis that ungulate populations will
be naturally regulated without causing long-term damage to the GYE or the
notion that naturally regulated ungulate populations will cause long-term
damage to the GYE. Outcomes may indeed be natural, but their desirability
is a question of values beyond this committee’s scientifically circumscribed
task.

Some Implications of a Natural Regulation Policy

The national park system comprises manydiverse parks, ranging from vast
expanses of near-wilderness, like YNP, to small urban gardens, such as
Kenilworth Aquatic Gardens in Washington, D.C. No single management
policy is appropriate for this diverse array of parks.

A natural-regulation policy is motivated in part by the belief that national
parks should contain natural ecosystems. However, even the largest of them
is only a fragment of the predevelopment ecosystem, and none has been
unaffected by human activity. So the “natural” in “natural regulation” can
never be absolute, and debates about what interventions are appropriate will
inevitably accompany all management decisions. Pritchard (1999) described
the issue well: “A rock-solid definition of what is natural will elude us, because
that question is wrapped up in our cultural attitudes about our place in nature.
In an age when science recognizes the role of change and disturbance in the
landscape, discussion will shift from ‘how do we restore nature’s balance?’ to
consideration of how much change we are willing to allow in our parks. Given
the shrinking size of naturally forested areas and continually growing human
disturbances in the region, however, landscape changes may bump into other
conservation goals, namely the preservation of threatened species.”

The belief that national parks should harbor natural ecosystems has
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fostered extensive debates about whether observed changes in the parks are
caused by humans. If they are, natural management would require interven-
tion to reduce, if possible, human-caused changes. If they are not, intervention
would be inappropriate. The problem is aggravated by changes in the percep-
tion of the role of humans in nature, from acceptance that Native Americans
were part of the GYE in the past to today’s viewpoint in our highly urbanized
society that humans exist outside of nature. The problem, as described by
Pritchard, is to distinguish between natural and human-caused changes.
Disagreements about this issue are at the heart of controversies over manage-
ment of YNP. For example, critics of YNP maintain that human influences
on elk populations, and on their predators, have led to overgrazing. Thus,
overgrazing represents a human impairment and should be managed. In
contrast, YNP maintains that changed climate is a major driver and that the
ecological changes are natural. As Schullery (1997) put it, “[W]e have imag-
ined ourselves wise enough to control [Yellowstone National Park] and have
rushed to judge what is wrong with it. And every time we looked hard enough,
we discovered that there was more wrongwith our judgment than with Yellow-
stone.”

Although such debates in part may be stimulated by the value-laden word
“natural regulation,” describing management strategies by different words will
not cause the debates to disappear. Controversy will continue, because,
fundamentally, the debates are not about the words but rather about the roles
people want the parks to play.

Policy Versus Practice

The distinction between policy and practice is subtle and ill defined;
however, an understanding of the distinction as applied in YNP is important for
understanding the controversy about ungulate management in YNP and for
evaluating management options. A policy is “a definite course or method of
action selected from amongalternatives and in light of given conditions to guide
and determine present and future decisions,” whereas a practice is much less
formal or rigid, being “actual performance or application, a repeated or cus-
tomary action, [or] the usual way of doing something” (Merriam-Webster
1993).

Natural regulation as a policy for YNP (Schullery 1997, YNP 1997,
Pritchard 1999) implies that if a change in the ecosystem is natural, then
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management intervention is inappropriate. On the other hand, if a change is
due to a management policy implemented by the park, then there is justification
for repair or restoration of that change or impairment. This has led to distract-
ing and ultimately unproductive arguments about whether high elk populations
and low aspen recruitment in the northern range are the effects of natural
changes (e.g., climate) or human actions (e.g., removal of predators). Under
a policy of natural regulation, such an argument is important, because the
appropriateness of the park’s management actions (or lack of them) depends
on whether they are consistent with the policy. If natural regulation were only
a practice, the debates could focus on the actions and their outcomes. In
addition, adaptive management might be easier to undertake.

The committee believes that a better way to approach these issues is to
focus on objectively measured processes, numbers, and events and how
intervention might alter them rather than to debate what is or is not natural.
Thus, this committee has tried to assess whether current ecosystem conditions
are outside the range of what might be expected in similar ecosystems else-
where or might have been expected in this ecosystem over the past few
millennia. The committee has also tried to assess whether current conditions
are likely to lead to a substantial and rapid change in any major ecosystem
component or process.

HISTORICAL CONTEXT

The current policy for management of YNP has been influenced by the
historyof the region, the park’s establishment, previous park management, and
the public’s goals for the park (Schullery 1997, Pritchard 1999). One ongoing
debate focuses on whether the “natural” in natural regulation includes humans
as part of nature. Most writing on the subject relative to North America has
included aboriginal people and their activities before contact with Europeans
(Callicott 1982). But historical and archeological evidence suggests that
Native American cultures and their effects on the environment have been in
a dynamic state of flux marked by periods of change and intervals of stasis
since the first humans arrived from Asia (Guthrie 1971). In the Great Basin
and adjacent Rocky Mountain region, human cultures were based on hunting
and gathering, but during the century before direct contact with Europeans,
major changes in aboriginal peoples’ distribution, numbers, and cultural rela-
tionships to the environment followed acquisition of the horse (an indirect
product of European contact). Thus, whether we view humans as part of
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nature, we still must acknowledge that humans have, since their arrival in the
area, been agents of change.

In addition to human-caused changes, the ecology of YNP has been
profoundly influenced by changes in the physical environment. Of these,
climate change has been the most important driving factor during the past
10,000 years. Climate models developed by scientists project major climate
changes for the future, some of them caused by human activity (NRC 2001).
Climate changes complicate management strategies because they make it
especially difficult to predict the likely consequences of any human interven-
tions as well as the consequences of not intervening.

Biodiversity Context

Yellowstone’s wildlife, including its ungulates, is part of a diverse biota.
YNP is estimated to have 1,700 species of native vascular plants, 170 exotic
plant species, 186 species of lichens, 59 mammal species, 311 species of birds,
18 fish species, 6 species of reptile, 4 amphibian species, and an unknown
number of organisms associated with hot springs, to say nothing of insects,
invertebrates, fungi, and bacteria (YNP 2001). The GYE contains even more
species. In addition, YNP is home to several threatened (grizzly bear, Canada
lynx, and bald eagle) and endangered (peregrine falcon, timber wolf, and
whooping crane) species.

Biodiversity is a dynamic ecosystem characteristic that may fluctuate
naturally or in response to human activity (Noss and Cooperrider 1994).
Altered community structures, and processes including those resulting from
human activities and management practices (Weins and Rotenberry 1981,
Rothstein 1994, Hansen and Rotella 1999), may change species composition
and prevalence (Hansen and Urban 1992), but how they have done so in the
GYE is poorly understood. Changes caused by changes in population dynam-
ics of ungulates may affect not only dominant landscape features, such as
aspen or sagebrush, but also vast numbers of associated organisms.

A Brief History of Park Management

At least 28 federal, state, and local entities manage various activities in the
GYE, sometimes with conflicting goals. Within YNP, management policies
generally have been based on the prevailing understanding of wildlife biology
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and ecology. When the park was established in 1872, ungulates were fed and
given protection from hunting and predators because they were considered the
species visitors desired to view. Most predators were reduced, and wolves
were extirpated from the area. Wolves were restored in 1995; about 160 are
present in the GYE, 50 of which are on the northern range. From the 1930s
through the late 1960s, NPS shot and trapped elk to reduce the population to
what was considered a sustainable level for the northern range (Houston
1982). By the late 1960s, the elk population on the northern range had been
reduced from some 10,000 animals to fewer than 5,000. Unfavorable reac-
tions to NPS control measures from a variety of public interests led to Senate
hearings. YNP then adopted natural regulation practices because they had no
other management alternative (Pritchard 1999). The most recent northern
range elk count observed 13,400 individuals (T. Lemke, Montana Fish, Wildlife
and Parks, personal communication, June 13, 2001). Some 120,000 elk are
present in the GYE. Roughly 2,500 free-ranging bison also are present in
YNP.

Aldo Leopold (1933), in his classic Game Management, which laid the
foundation for modern wildlife management, acknowledged that wildlife
management was essentially management of human behavior toward the land
that harbored wildlife and toward the wildlife through harvest by hunting and
trapping. To quote Leopold,“. . . game management produces a crop by con-
trolling the environmental factors which hold down natural increase, orproduc-
tivity, of the seed stock” (Leopold 1933). Management of wildlife within YNP,
or more correctly management of human behavior that affects wildlife within
YNP, has been driven by the view that national parks exist for public enjoy-
ment and appreciation. Thus, wildlife within YNP has been managed to
achieve certain objectives for human interactions with wildlife, although recent
management philosophy tends toward ecosystem management. To enhance
human contact with wildlife, roads, trails, campgrounds, and other park facili-
ties have been constructed. Those actions have altered habitats upon which
wildlife depends and have influenced the movement, location, and concentra-
tion of people, which further alters the distribution of wildlife.

YNP was established in 1872, more than 60 years before Leopold pro-
vided the conceptual basis for modern wildlife management. Efforts to man-
age wildlife in Yellowstone in the past and present must therefore be viewed
within the context of those times (Table 1-1). Market hunting of ungulates and
killing of carnivores were common in the area before and continued after the
park was established. In 1883, public hunting within the park was prohibited,
but no effective enforcement occurred until the U.S. Calvary was assigned in
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TABLE 1-1 Chronology of Significant Events in Yellowstone National
Park’s History

Year/Period Event

1860s Period of extensive fires (Romme and Despain 1989)
Before 1870 Evidence of substantial elk use of the northern range, at least in

summer (Houston 1982)
1872 Yellowstone National Park declared first national park (organic act)
1869-1883 Extensive market hunting; ungulates and carnivores greatly

reduced (YNP1997)
1883 Public hunting within YNP prohibited (YNP 1997)
1886 U.S. Calvary assigned to protect the park; beginning of effective

control of hunting (Houston 1982, YNP 1997)
1894 Lacey Act enacted, prohibiting all hunting and killing of wildlife

except dangerous animals (Schullery 1997)
1900-1935 Intensive control of predators; wolves extirpated (YNP 1997)
1902 Few bison remained in YNP; population supplemented from

domestic bison herds (Meagher 1973)
1917 Brucellosis detected in YNP bison (Mohler 1917)
1918 U.S. National Park Service assumed control of YNP (YNP 1997)
1920s “Too many elk in park”; active management to control population.

Increasing concern about overgrazing (YNP 1997)
1920s Reported decline in white-tailed deer population from about 100 to

few or none (Skinner 1929)
1920-1960 Commercial definition of over-grazing applied to YNP; intensive

population control of elk and bison (YNP 1997)
1923-1929 Elk removed primarily by hunting outside park; probably 10-15,000

elk on northern range (Houston 1982)
1930s-present Very little recruitment of aspen on the northern range
1960s Period of most intensive elk population control and population

reduction (YNP 1997)
1963 Leopold report published (Leopold et al. 1963)
1968 YNP adopts policy of “natural regulation”; intensive regulation of

elk and bison ends (Cole 1971)
1969-1981 Period of rapid increase in elk population from -4,000 to -16,000

(Houston 1982)
1969-1995 Bison population expands from -400 to -4,000 (YNP 1997)
1986 Congress funds study of “overgrazing” in the northern range
1988 Extensive fires in YNP
1988-1989 Severe winter reduces elk and bison populations
1995 Reintroduction of wolves
1996-1997 Severe winter; slaughter of >1,000 bison as they left YNP
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1886 to protect the park. Public attitudes toward wildlife at the time were
mixed (Magoc 1999). With the rapid expansion of domestic livestock onto
western range lands, many viewed wild ungulates as competitors for forage.
Others appreciated them for their meat and hides. The decline of wild ungu-
lates in the Yellowstone area by the end of the nineteenth century resulted
largely from market hunting (Krech 1999). Construction of the Northern
Pacific Railroad into the region north of the park in 1883 expanded access to
markets for meat and hides. Concern about the decline of wild ungulates
developed among residents in the area as well as in eastern states where an
embryonic national conservation movement was emerging. At that time large
carnivores were viewed as undesirable by most of the public, because they
killed both domestic livestock and wild ungulates and were feared to pose a
threat to humans. As a reflection of this public sentiment, although other
wildlife species were protected within the park, control of predators by park
managers began in the nineteenth century and became intensive between 1900
and 1935, resulting in the extirpation of wolves and probably mountain lions.

Few bison remained in Yellowstone by the end of the nineteenth century,
and the population was supplemented from domestic herds in 1902 (Meagher
1973). The Yellowstone bison herd had become the only free-ranging herd in
the United States, and thus, the YNP played a key role in restoring bison in the
wild and removing the threat of their extinction that existed by the late 1800s.
Intensive management of bison within the park was the practice until the NPS
announced in 1968 a policy of natural regulation of wildlife populations.
Management included an early period of annual roundups with selective
slaughter, maintaining an irrigated hay field in the Lamar Valley for winter
feeding, capturing and shipping animals outside of the park, and, from the
1920s into the late 1960s, harvests to prevent overgrazing on the winter range
(Pritchard 1999). Concern about the spread of brucellosis, carried by bison,
to domestic livestock outside of the park led to the slaughter of more than
1,000 bison as they left the park during the extreme winter of 1996-1997
(Peacock 1997).

In the twentieth century, although not as intensively managed as bison, elk
in Yellowstone were periodically fed in winter and were subjected to popula-
tion reductions through shooting, corralling, and translocation until the winter
of 1968-1969, a year after the adoption of natural regulation (Pritchard 1999).
Hunting of Yellowstone elk that leave the park in winter has continued
throughout the history of the park. Other ungulates present in the northern
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portions of YNP—mule and white-tailed deer, moose, bighorn sheep, and
mountain goats—have not been the focus of restoration efforts or population
reduction efforts in response to concerns about overgrazing.

In the early history of the park, the public and park managers thought that
wolves, mountain lions, and coyotes threatened the well-being of the park
ungulates. The ungulates, because of their attractiveness to park visitors and
the opportunities that existed to observe them, were considered a primary
justification for the park’s existence and thus were the focus of management
efforts. Interestingly, bears, which were considered a threat to human inter-
ests outside of the park, were appreciated by park visitors, who were allowed
to view them at garbage feeding sites until the practice was discontinued in
1943 (Pritchard 1999).

By the middle of the twentieth century, there was a broadening apprecia-
tion for wildlife among the public along with an increased understanding of the
interrelationships of wildlife in nature. This increased interest in wildlife led to
recognition of the importance of natural environments for wildlife as well as
their importance in providing ecologically rich environments for Americans to
appreciate nature through leisure travel and other outdoor activities.

Changes in management of wildlife in YNP since its establishment reflect
the changes in attitudes toward wildlife that have taken place among the
American public. Several research efforts aimed at increasing understanding
of the ecology of ungulates and carnivores within the park were initiated in the
post-World War II years, although many studies occurred earlier and are cited
in several sections of this report. Two studies worthy of note were by the
Muries. In the 1930s Adolph Murie (1940) completed a detailed study of the
diets of coyotes in the park, and his brother, Olaus Murie (1951), studied elk
foraging ecology in the Jackson Hole area south of the park. Research
findings by the Muries and other researchers who followed them, although
preliminary and often controversial (Leopold et al. 1963, Schullery 1997),
disclosed some of the complexity of the ecological relationships of bears and
coyotes as well as of the ungulates in the park. Large predators had finally
gained appreciation in the eyes of both the public and the park managers.
They were protected with the intent to restore them as valued components of
the park wildlife. However, the NPS did little to encourage continued research
toward understanding the complexity of predator-prey relationships or the
details of the functioning of park ecosystems (Pritchard 1999). As a conse-
quence of carnivore protection in the park, NPS came under increased pres-
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sure from ranchers outside of the park who were losing livestock to coyotes,
bears, and mountain lions that were leaving the park as their populations
increased.

In 1967, NPS Director Hartzog, along with Secretary of the Interior Udall
and Senator McGee of Wyoming made a decision to stop killing elk in YNP.
Hartzog announced that the most desirable means of controlling the elk num-
bers was through public hunting outside the park. According to Sellars (1997),
this policy decision to use “natural regulation” for management of wildlife
“came not as the result of scientific findings, but because of political pressure.”
Whereas Cole’s account (1969) represents natural regulation as simply a
research hypothesis. This was essentially a “hands off” policy that abolished
direct manipulation of wildlife or their habitats except to repair or reduce
damage caused by human activities (Schullery 1997), although early elk
management practices under this policy still allowed trapping and transport of
elk (Sellars 1997). Recently, some intervention has been considered appropri-
ate, including reintroducing wolves to the park to reestablish their role as a
major predator of ungulates. Criticism of natural regulation policy and its
perceived consequences resulted in the establishment of this committee and
this report.

CLIMATE VERSUS ELK AS CAUSALITY OF
CHANGES IN ASPEN AND WILLOW

The controversy over the status of aspen and willow within the northern
range (often considered indicators of ecosystem condition) and natural regula-
tion practice often revolves around conflicting statements about what factors
most strongly influence the conditions currently found in the northern range.
Supporters of natural regulation policy believe that current range conditions are
determined primarily by biophysical factors, climate in particular, and that
ungulate populations are having a small effect on range condition. Others
believe that ungulate populations play a central role in determining range
condition and that those populations are now so large that damage to vegeta-
tion on Yellowstone’s northern range has occurred. As an example, the
impact of elk on streamside willows is a central issue in the controversy.
However, willow communities are inextricably linked to climate, geology,
surrounding vegetation, and fire history as well as to shorter-term and local
impacts from ungulates and beavers, which makes the issue hard to resolve.
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Several people who made presentations to the committee compared the
condition of the northern range unfavorably with that on nearby ranches. Such
comparison, however, reflects a confusion of values. Ranching seeks to
maximize production for human use, whereas YNP seeks to preserve natural
ecological processes. For example, within YNP, aspen is an important land-
scape element—it is an aesthetically pleasing tree that grows in groves on the
hillsides and shows spectacular fall colors. It also is important as habitat for
a diversity of bird species (Mueggler 1988, Pojar 1995). Willow, by compari-
son, is a rather plain plant that most lay visitors to YNP do not notice or might
consider an ordinary “bush” if they did. Nevertheless, willow communities
may prevent stream-bank erosion and subsequent changes in stream-channel
morphology and are a food source for browsers and habitat for many other
riparian species. Critics of the park’s natural regulation policy particularly
emphasize the adverse effects of elk on streamside willows, which they
maintain are excessive and are leading to erosion of northern range streams
(Kay 1990, Chadde and Kay 1991).

ORGANIZATION OF THIS REPORT

To present a perspective for understanding current conditions in YNP,
Chapter 2 describes historical conditions in the GYE, including climate, geo-
logical, and landscape conditions. Chapters 3 and 4 give an ecological context
in which park management strategies are conducted, including a review of
vegetation, possible driving factors, and processes related to ungulate popula-
tion dynamics. Chapter 5 is a synthesis chapter that reviews overarching
questions related to the problem at hand, and it presents the committee’s
conclusions and recommendations.
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2

Historical Perspective:
Yellowstone’s Changing

Environment

EVALUATINGTHECONSEQUENCES of a natural regulation policy requires that
the long-term dynamics of the Yellowstone landscape be understood in terms
of variation in climate, disturbance regimes, vegetation patterns, animal popula-
tions, and human occupancy or use of the landscape. Yellowstone is a dy-
namic landscape, and we cannot determine whether management actions have
forced components of the system beyond their historical range of variability
unless we place recent dynamics in a longer time frame. Knowledge of
prehistoric and historical environments is essential for creating a context for
this evaluation. This chapter points out how dynamic the landscape of the
GYE has been over time.

SCALES OF CHANGE

On a geological time scale, earth’s history is one of continuous change
driven primarily by plate tectonics, with periodic extraplanetary influences,
such as asteroid impacts and solar cycles. On this scale, the earth is fractured;
subducted; uplifted; built up by volcanism and sedimentation; and worn away
by ice, water, wind, heat, and gravity. Yellowstone National Park (YNP) is
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centered on a geological mantle plume, or hotspot, where the molten magma
comes close to the surface (Anders et al. 1989, Pierce and Morgan 1992,
Pritchard 1999). The North American plate is thought to have moved to the
southwest, leaving a series of volcanic traces from southwestern Idaho along
the Snake River to the currentlyactive Yellowstone region. Geomorphological
changes have not stopped, for uplifting is continuing (Reilinger 1985). YNP
is characterized byboilingmud pots, thermal pools, geysers, a volcanic caldera,
ancient lava flows, and eroding rivers and waterfalls, which were the original
reason for its protection as a park—wildlife and other life forms were an
afterthought. Geomorphological changes mayproceed gradually or may occur
abruptly. Yellowstone witnessed a major earthquake as recently as 1959,
whereas the Grand Canyon of Yellowstone is a prime example of wearing
away by water on a grand scale.

Over the last 70 million years, climates have changed virtuallycontinuously
(Miller et al. 1987). The Pleistocene saw at least four major changes in
climate due to alternating glacial and interglacial periods, although there may
have been many important events on a shorter time scale. Over the last one
million years, the earth oscillated between 90,000-year-long cold periods with
ice accumulation and 10,000-year-long warm periods of ice melting (Muller
and MacDonald 1997, Petit et al. 1999).

Pleistocene environments shaped the current Yellowstone landscape, flora,
and fauna. Changes in the distribution of plants and animals and extinction of
species were prevalent. Horses, camels, mammoths, and many other large
mammals became extinct, whereas caribou, lemmings, musk ox, and other
mammals retreated to the north at the end of the Wisconsin glaciation about
10,000 years before present (YBP). In addition, the abiotic changes must have
caused adaptive responses—through both genetic evolution and behavioral or
other plastic responses—in Yellowstone’s biota. However, information to
evaluate these changes is sparse or completely lacking.

PALEOBIOLOGY OF THE
GREATER YELLOWSTONE AREA

A paleobiological perspective is useful in identifying prehistoric processes
that have shaped the Greater Yellowstone ecosystem (GYE), determining
whether they continue to operate, and describing reasonable boundaries that
may be placed on future variation.
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The combination of species that simultaneously inhabit a given geographic
location may be termed a community. However, communities tend not to be
conserved in response to environmental change. Instead, individual species
adapt and remain where they have been, or disperse at rates, times, and in
directions in response to their individual tolerances to changing climatic,
geological, anthropogenic, or other environmental conditions (Gleason 1926;
Curtis 1955; Whittaker 1956, 1970; Davis 1976; Graham 1986). Thus, within
the GYE, community composition is not stable over time scales of hundreds to
thousands of years.

Many of the climate changes that occurred in the GYE region throughout
the late Holocene (the past 4,000 years) were relatively small. If future
climates do not have Holocene analogs (Bartlein et al. 1997), then the ranges
of individual species may shift to areas that can support them outside the GYE.
Although the current paleobiological record cannot document all the biotic
changes associated with climate fluctuations, it does show various rates of
change in climate and vegetation, some of which were extremely abrupt.
Changes characteristic of the Pleistocene could happen within a human
lifetime or less in the future (Alley 2000). Because the GYE is an “ecosystem
island” within a largerhuman-dominated landscape, it is too small to accommo-
date environmental changes of the magnitude and frequency that were charac-
teristic of the middle Holocene and late Pleistocene without changes in com-
munity composition, including local extinctions, greater than those seen during
the past 4,000 years.

Changes in the late Quaternary (from about 14,000 YBP) vegetation and
climate have been summarized by Barnosky et al. (1987) and are paraphrased
here. With the initiation of deglaciation, 13,000 to 14,000 YBP, sagebrush
(Artemisia spp.) dominated the vegetation of the subalpine forest zone. By
about 11,500 YBP spruce began to colonize the area, followed by lodgepole
pine, Douglas fir, and whitebark/limberpine duringa period of warmer, wetter,
and more stable climate (Taylor et al. 1997). By 4,500 YBP lodgepole pine
became dominant with trace amounts of Douglas fir, both of which are com-
mon at lower elevations today.

Yellowstone’s pre-Holocene history includes a series of diverse faunal
communities, many of which have no modern-day analog. Records from the
late Pleistocene are incomplete but sufficient to illustrate the degree to which
animal populations can respond to changing environmental conditions; they
illustrate the types of change likely to occur in the future. Because these
changes are not directly relevant to conditions over the past few millennia, a
more complete description is given in Appendix A.
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UNGULATE USE OVER TIME AS
ESTIMATES OF POPULATION DENSITIES

Prehistoric Native Americans exploited ungulates (pronghorn, deer, moose,
sheep, elk, and bison) from the time they first entered the new world in the
Late Pleistocene (Frison and Stanford 1982, Kay 1990, Cannon 1992). Bison
remained a stable resource for Native Americans throughout the Holocene
(Frison and Bradley 1991). At some early Holocene sites, hundreds of bison
have been found in association with Paleo-Indian projectile points and stone
tools (Wheat 1972, Frison 1974). At sites within the GYE, however, most
bone beds associated with human hunting contain fewer than five individual
animals (Cannon 1992).

Unlike bison, no massive bone beds of elk have been found associated with
cultural materials, and there is no evidence of artificial elk traps or communal
procurement practices like those used for bison (Frison and Bradley 1991).
Arguments for low population densities of elk in the past have been based on
bone frequencies from archaeological and paleontological sites, journal ac-
counts of early travelers, and historical photographs (Kay 1990, 1994, 1995;
Schullery and Whittlesey 1992; Kay and Wagner 1994). Elk bones are not
numerically as common at archaeological sites as pronghorn, deer, and sheep
bones (Kay 1990).

The use of bone frequencies from archaeological sites as a proxy for
population levels depends on the assumption that people kill and eat ungulates
in proportion to their actual abundance. This assumption probably is not
always valid. Anthropological studies of modern hunters show that humans,
like other predators, have preferences in prey selection that are independent
of abundance. Therefore, that none of the archaeological sites in the GYE
yields abundant elk remains does not necessarily indicate that elk were not
abundant. Problems with the relationship between bone frequencies from
anthropological and paleontological sites and local ungulate abundance are
further detailed in Appendix A.

PHYSICAL CHANGES FROM
PREHISTORY TO THE PRESENT

To assess the extent and nature of changes resulting from the adoption of
natural regulation by the park, it is necessary to distinguish changes due to
biological interactions during the past several decades from changes due to
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abiotic factors. We review possible abiotic factors first and then turn to
biological interactions.

Climate

The climate of YNP has fluctuated for the entire period for which we
have records, sometimes quite rapidly (Dansgaard et al. 1993, Alley et al.
1996). Climate histories can be developed for periods far into the past, but we
focus on the period that has most directly led to the current environments in the
GYE.

Glaciation: 18,000 YBP

At the peak of the last major glacial period about 14,000 YBP, large areas
of North America were covered by glacial ice that had built up to a thickness
of about 1.6 km over the previous 100,000 years. The continental glaciers
penetrated only to the Canada-Montana border, but glaciers formed in the
mountains of the GYE and spread to lower elevations and coalesced into the
Yellowstone Ice Cap. Glaciers redistributed soils and sediments, widened
valley bottoms, and blocked streams to form large lakes. These actions
created some of the dominant landforms still present in YNP and the influence
of glacial processes continues to the present. Streams draining from glaciers
deposited sheets of gravel and sand in valleys below the glaciers. Some of
these were later cut down to form terraces.

Holocene Climate: 10,000 YBP

Climate is much more important than geological events in shaping the biota
of the northern range at the scale of thousands of years. Seasonal extremes
in temperature or moisture, rather than mean annual values, are probably the
more important limiting factors for organismal distribution. Areas with the
same average temperature and precipitation but highly different variation and
seasonal patterns support very different biotas. Several important climate
shifts strongly influenced Yellowstone during the Holocene. The warmest
climates occurred in the early Holocene (7,000 to 9,000 YBP). The Medieval
Warm Period dates to 1100 to 1300 AD (900 to 700 YBP) and it was manifest
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in droughts in the northern plains of the United States (Laird et al. 1996,
Woodhouse and Overpeck 1998).

Of particular interest for Yellowstone are the effects of the Little Ice Age,
which lasted from 1450 to 1890 AD in two main pulses and appears to have
been global (Crowley and North 1991). Temperatures averaged 1 to 1.5o C
cooler (Crowley and North 1991) and the climate tended to be moister than it
is today. During the Little Ice Age, glaciers advanced worldwide. Within this
period, there were periods of warm and dry and cool and wet (second pulse
of the Little Ice Age, 1860 to 1910) conditions, which affected the growth and
distribution of plant species (Whitlock et al. 1995). In the GYE, this record is
best documented by tree rings.

The stability of the present climate appears to be abnormal compared with
recent millennia, although the climates of the past 200 years have included the
warmest and coldest periods of the past 4,000 years (Bradley 2000).

On a decadal time scale, Yellowstone’s climate is measurably influenced
by El Niño-Southern Oscillation (ENSO) patterns, primarily through the cre-
ation of extremes in precipitation and temperature. These extremes themselves
probably play a major role in shaping the GYE’s environment and biota.
However, although climate variability is subject to ENSO periodicity, overall
annual precipitation shows no statistically significant trend over the past 100
years (Balling et al. 1992a).

Fire in Yellowstone and the Northern Range

Recurrent wildfire profoundly influences fauna, flora, and ecological proc-
esses in the northern Rocky Mountains (Habeck and Mutch 1973; Houston
1973; Loope and Gruell 1973; Taylor 1973; Wright and Heinselman 1973;
Wright 1974; Arno 1980; Romme and Knight 1981, 1982; Romme 1982;
Knight 1987, 1996; Romme and Despain 1989; Despain 1990; Turner et al.
1997). Although small fires occur frequently, total area burned is dominated
by a few, very extensive fires (Johnson and Fryer 1987, Romme and Despain
1989, Johnson 1992). Meyer et al. (1995) found weak evidence of fire as long
ago as 7,500 and 5,500 YBP and strong evidence for substantial episodes
4,600, 4,000, 2,500, 2,100, 1,800, 1,200, and 850 YBP. Between 9 and 12
maxima can be identified in the record between 2,000 YBP and the present,
including the 1988 fire. Major fire events appear to have occurred recently at
100- to 300-year intervals (Romme 1982, Romme and Despain 1989) and at
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various frequencies throughout the Holocene (Millspaugh and Whitlock 1995).
Within the ungulates’ summer range, large, infrequent fires create vegetation
mosaics that dominate the landscape until the next extensive fire.

On the northern range, tree-ring evidence and fire scar data indicate that
8 to 10 extensive fires occurred in the area during the last 300 to 400 years,
which suggests that fires burned the winter range at intervals of 20 to 30 years
before European settlement (Houston 1973, Barrett 1994).

Climate plays an important role in fire frequency and extent. Most large
North American twentieth century fires have been associated with persistent
high-pressure ridges or dry La Nia phases of ENSO (Bessie and Johnson
1995, Swetnam and Betancourt 1998). Within Yellowstone, the area burned
correlates with a trend toward increasing late-winter aridity since 1895 (Balling
et al. 1992a, 1992b). However, the potential for climate-induced changes in
fire frequency and extent in the Northern Rocky Mountains (Flannigan and
Van Wagner 1991, Romme and Turner 1991, Bartlein et al. 1997) underscores
the importance of understanding the effects of extreme events and of consid-
ering long-term disturbance dynamics when considering alternative manage-
ment strategies.

Lower elevation communities, such as those found on the northern range
where fires were formerly frequent, have been altered by long-term fire
suppression. Fire suppression was discontinued in 1972 in Yellowstone, after
which lightning-caused fires were again allowed to burn. As with many other
crown fire-dominated ecosystems, YNPis usuallyconsidered a nonequilibrium
landscape (Romme 1982, Sprugel 1991, Turner and Romme 1994).

No large fires occurred during the twentieth century until those of 1988,
the largest since the park’s establishment, affected more than 321,000 ha in
YNP and the surrounding area and burned approximately 36% of the park
(Schullery 1997). These fires were primarily the result of unusually prolonged
drought and high winds (Renkin and Despain 1992, Bessie and Johnson 1995)
and were consistent with the earlier pattern of punctuated episodes of extreme
fires followed by long periods of small fires (Millspaugh and Whitlock 1995).
Reconstructions suggest that the last time a fire of this magnitude occurred in
Yellowstone was in the early 1700s (Romme and Despain 1989), which makes
the 1988 fires unusual in size (Christensen et al. 1989, Turner et al. 1994a,b,c).
However, fire suppression probably had only minimal influence on the extent
and pattern of the 1988 fires (Romme and Despain 1989, Barrett 1994).

The effects of fire on wintering ungulates change through time following
the fire. Initially, fire consumes aboveground plant biomass and reduces winter
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forage supply, which is not regenerated until the following summer. This
reduction in forage can increase ungulate mortality during the first winter after
a major fire (Singer et al. 1989, Wu et al. 1996), an effect that is magnified
during more severe winters. In subsequent years, primary productivity may
be stimulated, resulting in improved forage quantity and palatability (Harniss
and Murray 1973, Gruell 1980, Hobbs and Spowart 1984, West and Hassan
1985, Coppock and Detling 1986). Some plant communities on the northern
range showed substantial increases in forage abundance and nutrient content
in response to burning (Wallace et al. 1995, Tracy and McNaughton 1997).
Ungulates on the northern range preferentially used herbaceous plants in
burned areas of the landscape (Pearson et al. 1995). Boyce and Merrill (1991)
hypothesized that this fire-enhanced forage base in burned forests (i.e., in-
creased herbaceous ground cover) might enhance ungulate recruitment and
population size for several years following the 1988 fires. However, enhance-
ment of forage production in grassland areas was no longer detectable approxi-
mately 5 years after those fires (Singer and Harter 1996).

ENSO is not directly correlated with YNP fires because the quantity and
ignitability of herbaceous fuels are strongly influenced by local weather and
time since the most recent catastrophic burns. Nevertheless, if the GYE’s
climate is warming, and ENSO events are becoming more frequent, then fire
can be expected to be a more dominant process in the future (Millspaugh and
Whitlock 1995).

Fire also has geomorphological consequences, because vegetation is
removed by burning, and storm runoff occurs as overland flow. Charcoal
layers that commonly accompany or follow fires appear in expanded alluvial
sediments (Meyer et al. 1992). Erosion continues in subsequent years, even
after revegetation, because deep incision contributes to slumping of fire basins
into channels. The clearest demonstration of the impact of fire on erosion is
the aftermath of the 1988 conflagration (Meyer et al. 1992, 1995). Meyer et
al. documented major erosional debris flows that extended over several
hundred meters in the Slough Creek and Soda Butte Creek drainages of
northeastern YNP. Meyer et al. (1992) proposed an idealized scenario to
explain how wet periods during the Holocene created widened and sinuous
stream beds, and dry periods with burns led to erosion of steeper slopes and
aggradation of alluvial fans and incised stream courses. Whether the pro-
cesses are captured correctly by this scenario, clearly events of this magnitude
reshape the character of streams, both large and small, and constitute a greater
influence than elk browsing on willows and other riparian woody vegetation.
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Such major forces affect not only stream morphology and seasonal flow but
also the likelihood of persistence of beavers with their modification of stream
flow, water-table height, and extent of riparian vegetation.

This evidence suggests that relatively minor climatic changes in the late
Holocene could have caused major shifts in fire regimes, alluvial processes,
and resulting morphology and vegetation of valley floors.

Stream Flow and Channel Morphology

Although many factors influence runoff, typically there is a strong positive
correlation between precipitation and stream flow. No long-term trend in
stream flow at the Corwin Springs gage on the Yellowstone River just north
of the park is apparent through the 91-year record from 1908 to 1999 (p =
0.259). Although other studies have shown a decline in precipitation over the
same period, this is true only for late winter measurements, which accounts for
a minority of annual precipitation (Balling et al. 1992a). The proportion of
snowmelt that contributes to stream flow is high relative to that of rainfall,
much of which is absorbed in the soil and transpired. Like stream flow,
snowpack showed no significant downward trend (p = 0.40) but was highly
subject to ENSO events (p = 0.001). During an ENSO, precipitation at YNP
is much greater than normal, which causes major changes in stream courses.

It is usually presumed that fire increases surface runoff and stream flow
by destroying vegetation, thereby increasing the likelihood of erosion and bank
instability. After the 1988 fires, however, no significant increase in stream
flow was observed in the Yellowstone River.

Stream-course changes during the flood years of 1996 and 1997 were the
greatest observed since 1954, primarily the result of flood flows (Mowry
1998). From 1954 until 1987, a period of relatively constant stream flow,
stream channels narrowed, especially in areas where elk wintered, a process
described by Lyons et al. (2000). From 1988 to 1997 there was increased
channel instability, and most of the changes occurred in the exceptional flow
years of 1996 and 1997. Most stream-bank erosion during these extreme
runoff years occurred higher in the drainage—where there were few wintering
elk and the streamside willows were robust—suggesting that increased erosion
was primarily due to hydrological variables acting on high-roughness riparian
vegetation that stabilized the stream bank during high-flow, nonflood years and
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not to ungulate activity. This conclusion does not explain the long-term devel-
opment of low-roughness vegetation (i.e., vegetation with little resistance to
stream flow power) in areas with heavy winter elk use. However, these
differences do explain Mowry’s (1998) finding that there was a greater change
in stream reaches with willow-covered banks than in those with grass-domi-
nated banks. Shifts in stream morphology associated with increased stream
flow are expected because the stream slope is near the transition of meander-
ing and braided stream courses based on the established relationship between
channel slope and bankfull discharge (Leopold and Wolman 1957).

Climate, vegetation, and stream-course relationships interact in multiple
ways, but it is difficult to assess the role of extreme events because they
happen so infrequently. Nevertheless, it is apparent that both physical forces
and browsing and streambank trampling by ungulates contribute to changes in
streams, but the data are not sufficient to sort out their relative importance in
causality.

Upslope Soil Erosion

Stream-bank erosion is only one of the issues raised about management of
the northern range. Critics of the natural regulation policy in the northern
range claim that degradation of upland slopes by overgrazingresults in acceler-
ated soil erosion (YNP 1997). One indication of the level of erosion off the
slopes is the accumulation of sediments in depressions or lakes. Engstrom et
al. (1991) studied several lakes on the northern range, looking at pollen
changes and abnormal sediment deposition patterns. They concluded that their
“investigation of the sedimentary record does not support the hypothesis that
ungulate grazing has had a strong direct or indirect effect on the vegetation and
soil stability in the lake catchments or on the water quality of the lakes.” A
review of their data, however, shows many, but not all, lakes with increasing
sediment accumulation starting after the beginning of the twentieth century.
Most of the study lakes near the confluence area of the Yellowstone River,
Lamar River, and Slough Creek showed sediment increases. One study lake
in this area did not. Interpretation of these data might vary by investigator, and
the magnitude of the increases maybe “normal,” although sediment accumula-
tion in the nineteenth century seems to be comparatively stable when com-
pared to the twentieth century.
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1Wylie, W.W. 1882. Yellowstone National Park the Great American Wonderland:
A Complete Hand or Guide Book for Tourists (unpublished material).

2Wylie, W.W. 1926. History of Yellowstone Park and the Wylie Way Camping
Company (unpublished material).

Changing Land Use in the Greater Yellowstone Area

The GYE includes not only YNP but also most of the adjacent lands at an
elevation above 1,524 m (5,000 ft). These surrounding lands are used for
ranching, agriculture, and recreation. The population of Park County, north of
and adjacent to the northern range of YNP, is growing faster than the popula-
tions in most Montana counties.

In 1880, the population of Park County was 200, but after the arrival of the
Northern Pacific Railroad in 1881, it grew to 6,900 in 1890. Population growth
has continued and today the county (population about 16,000) is dotted with
many new developments and small ranches with increased fencing, as well as
many semi-urban areas (Park County 2001).

This area was reported to be the ancestral wintering range of the northern
range elk herd before YNP was established (Graves and Nelson 1919). The
influence of development and farming was noted by Wylie (1882,1 19262) as
early as the late 1800s and early 1900s. He said, “The buffalo, deer, and elk
were accustomed to living on this plateau during the summer. In winter they
migrated to lower and warmer regions outside the park area until settlements
of farmers in the country surrounding the park made it impossible for them to
use their long used winter homes.” All these factors fragment habitat and
impede ungulate movements and access to foraging areas. This alteration of
the landscape outside of YNP may have as great a potential to affect ungulate
populations, their behavior, and the use of vegetation as do changing climatic
conditions and reintroduction of wolves. Little is known, however, about the
relative importance of each of these factors or their interrelationships.
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Present Conditions:  Vegetation

VEGETATION OF YELLOWSTONE’S northern range, a mosaic of different for-
est and nonforest communities, is the result of interactions among many envi-
ronmental factors. To understand how management decisions may affect veg-
etation of the northern range, the committee reviewed the present conditions
of the major vegetation types. In this chapter, the current state of a type of
vegetation—for example, sagebrush or aspen communities—is described, fol-
lowed by a discussion of how the driving variables may affect these conditions.
In several cases, where changes in driving variables may alter ecosystem com-
ponents, the nature of these changes and their consequences is discussed.
Recent modification of environmental drivers is discussed to help explain the
significance of recent changes of the ecosystem components. Although this
chapter emphasizes the dominant plants, such as sagebrush or aspen, the con-
cern over loss or degradation of these systems is not only for the dominant
species, but also for the biodiversity—plants, animals, fungi, and microbes—
that they support.

UPLAND SHRUBLANDS AND GRASSLANDS
OF THE NORTHERN RANGE

Shrublands

Big sagebrush-Idaho fescue is the most abundant sagebrush-grassland
type. It occurs on sites with thin cobble soils to well-developed loams, gener-
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ally at elevations of 1,800 to 2,400 m within the 40- to 75-cm precipitation zone.
It is distributed throughout the park but is most common in the Gardner and
Lamar River drainages (Despain 1990). The habitat type is dominated by
mountain big sagebrush (Artemisia tridentata ssp. vaseyana), although Wyo-
ming big sage (A. tridentata ssp. wyomingensis) may also be present. Identi-
fication of big sagebrush subspecies is particularly important because of differ-
ences in palatability and preference to ungulates. Idaho fescue (Festuca
idahoensis) dominates the understory with Agropyron spicatum and
Koeleria macrantha also present. Forbs (broad-leaved herbaceous plants),
such as Geum triflorum, are abundant.

Primary production (the amount of carbon fixed by photosynthesis) varies
widely in bigsagebrush-Idaho fescue habitat depending on rainfall and temper-
ature (Mueggler and Stewart 1980). A 50% difference in production may
occur on any given site over a 3-year period. Production varied across the
type from 560 kg/ha (Mueggler and Stewart 1980) to 1,610 kg/ha with grasses
contributing 21% to 42% of the production, forbs 38% to 56%, and shrubs 10%
to 41%. Between 88% and 98% of the shrub production is from big sage-
brush.

Big sagebrush-Idaho fescue habitat, which is heavily grazed in winter by
ungulates, and the grassland habitat type (Idaho fescue-bearded wheatgrass)
account for slightly more than half of all the nonforested vegetation in the park
and on the northern range (Houston 1982). These two types probably furnish
most of the forage for the large number of grazing animals in the park
(Despain 1990).

Wyoming big sagebrush-bluebunch wheatgrass (A. spicatum, now
Pseudoroegneria spicatum) habitat type occurs in the Gardner River canyon
in small areas on southern and western slopes, often between big sagebrush-
Idaho fescue and other grasslands on ridgetops and upper slopes. It occurs on
shallow to moderately deep soils formed over several parent materials.

Mountain big sagebrush is the dominant shrub, although basin big sage-
brush (Artemisia tridentata ssp. tridentata) may occur on deeper soils in
drainages. Low shrubs, such as A. frigida and Gutierrezia sarothrae, are
usually present. In addition to bluebunch wheatgrass, other conspicuous
grasses include K. macrantha, Poa secunda, and Stipa comata. Production
varies between 670 and 1,120 kg/ha with high variability between sites but not
between years (Mueggler and Stewart 1980). This type is heavily grazed in
winter by ungulates in the Gardiner area. Big sagebrush receives enough
browsing to reduce the size of its canopies.
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In the Gardiner area, Wambolt and Sherwood (1999) also describe a Wyo-
ming big sagebrush-bluebunch wheatgrass (A. spicatum) habitat type, as did
Mueggler and Stewart (1980)and Houston (1982). Associated species include
sprouting shrubs like rubber rabbitbrush (Chrysothamnus nauseosus), green
rabbitbrush (Chrysothamnus viscidiflorus), and gray horsebrush (Tetradymia
canescens). Prairie junegrass (K. macrantha) and Sandberg bluegrass (P.
secunda) are also common.

Grasslands

Idaho fescue-bearded wheatgrass (Agropyron caninum) habitat type is
a highly productive mesic grassland with high species diversity. It occurs on
gentle slopes at elevations of 2,000 to 2,600 m, within the 46- to 76-cm rainfall
zone. It is dominated by grasses but contains a higher proportion of forbs
(30% to 70%) than other western Montana habitat types. It has a short grow-
ing season and is used by native ungulates in winter (Houston 1982).

Idaho fescue-Richardson’s needlegrass (Stipa richardsonii) habitat type
generally occurs at elevations of 1,100 to 2,100 m on gentle slopes and deep
soils. It is a moderately mesic and productive grassland type dominated by
Festuca idahoensis, S. richardsonii, Danthonia intermedia, Stipa occiden-
talis, and G. viscosissimum. This grassland is summer range for sheep or
cattle, and it receives substantial winter grazing by native ungulates.

Idaho fescue-bluebunch wheatgrass is the most common xeric (Houston
1982) or moderately mesic (35 to 50 cm of precipitation) grassland type in the
Greater Yellowstone Ecosystem (GYE) (Mueggler and Stewart 1980). It is
found on intermediate mountain slopes at elevations of 1,400 to 2,300 m and
occurs on a wide variety of parent materials.

Other grasses include K. macrantha, P. sanbergii, and either S. comata
or S. occidentalis. Forbs cover from 10% to 60% of the area and include
Achillea millefolium, Antennaria rosea, Arenaria congesta, and possibly
Phlox hoodii. Medium shrubs such as A. tridentata and C. viscidiflorus are
occasionally present. Annual primary production is highly variable depending
on the weather. The grasses are used by elk and deer at the lower elevations
for winter range and by pronghorn year-round. At the highest elevation, this
type is summer range for elk and deer. At middle elevations, it is used as
spring and fall range by all ungulates and as winter range by bighorn sheep and
mountain goats.
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Bluebunch wheatgrass-Sandberg bluegrass, or A. spicatum-P. sanbergii,
is usually found between 900 and 1,800 m, especially on gravelly soils on steep
southern slopes. It is a moderately arid type in the 35- to 50-cm precipitation
zone. Shrub and forb cover is low, and rhizomatous grasses are generally
absent.

Needle-and-thread-blue grama (S. comata-Bouteloua gracilis) habitat
type is usually found on broad alluvial benches and valley floors. Houston
found this grass type in Yellowstone National Park (YNP) in the boundary line
area, upstream on the Yellowstone River to the Black Canyon. It generally
occurs below 1,500 m and is the driest grassland habitat type (20 to 35 cm
precipitation). The type is floristically simple, containing grasses and a low
cover of forbs and shrubs. Needle-and-thread grass is a bunchgrass that
dominates late seral stages of the community but decreases under heavy graz-
ing pressure. Blue grama, the other dominant sod-forming grass in the com-
munity, increases under heavy grazing.

The terms decreaser, increaser, and invader refer to a plant’s response to
grazing (Dyksterhuis 1949). Decreaser plants are most preferred by grazing
animals and with continued heavy grazingare the first kinds of plants to decline
in cover in a community. Increaser plants initially increase in cover in a com-
munity under ungulate grazing pressure because the preferred decreaser plants
are declining and opening up space for increasers to grow. Eventually, as
heavy grazing pressure continues, the increaser plants also decline, opening up
sites for invader species of low palatability and generally low nutritional value.
Common shrubs that increase with overgrazing include A. frigida, G.
sarothrae, and Opuntia polycantha.

Factors Influencing Present Conditions of
Sagebrush and Grasslands

Sagebrush: Ungulate Use

Big sagebrush is a particularly important food plant for several Yellow-
stone ungulates, especially in winter. Consequently, lower sites where there
is little snow or where snow does not deeply cover shrubs are heavily grazed.
During other seasons use is less, although big sagebrush may be an important
source of protein for elk during the gestation period and in summer because
grasses alone do not meet their protein needs (Wambolt et al. 1997).

Not all ungulates in the northern range use big sagebrush to the same
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extent and not all subspecies of big sagebrush are equally used by the ungu-
lates that feed on it. Big sagebrush is an important component of elk, mule
deer, and pronghorn diets but not of bighorn sheep, bison, and mountain goats
(Houston 1982). Mule deer and elk strongly prefer mountain big sagebrush to
Wyoming big sagebrush and basin big sagebrush (Wambolt 1996). Wyoming
and basin big sagebrush are much preferred over black sagebrush (A. nova),
but during severe winters, all subspecies of sagebrush are browsed.

Ungulate browsing in low-elevation sagebrush sites near the park boundary
has resulted in significant negative effects on big sagebrush (Wambolt 1996).
In some cases, up to 91% of the leaders were removed and unbrowsed plants
had higher productivity (45 g per plant) and seed-head production (60.3 seed
heads per plant) than browsed plants (10 g per plant and 0.08 seed heads per
plant) (Hoffman and Wambolt 1996). Up to 35% of plants were killed be-
tween 1982 and 1992, and many plants that survived had high percentages of
dead crown (Wambolt 1996). Wambolt’s exclosure work (1998)demonstrates
elk-induced decreases of sagebrush even in areas where there were no other
ungulates. Wambolt and Sherwood (1999) came to similar conclusions. How-
ever, according to the National Park Service (YNP 1997), on 97% of the
northern Yellowstone winter range sagebrush is stable or increasing and only
3% of the land shows sagebrush decline. In general, less browsing damage
is observed at higher elevations (Singer and Renkin 1995, YNP 1997). Thus,
elk appear to affect sagebrush at lower elevations—including the 3% of the
winter range described by NPS as having declining sagebrush—but not at
higher elevations.

Grasslands: Ungulate Use

Grasses are important components of the diet of most YNP ungulates
except pronghorns and moose (Singer and Norland 1994). The importance of
grasses in the diets of most ungulates on the northern range of YNP was
shown by Singer and Norland (1994) through microhistological analyses on
feces, comparison with earlier published work based on rumen analyses, and,
for bighorn sheep, examination of feeding sites. Mean percentage diet compo-
sitions assessed by these methods were, as follows: elk, 75% to 79%; bison,
53% to 54%; mule deer, 19% to 32%, pronghorn, 10% to 4%; and bighorn
sheep, 65% to 58%. Bison also included a high proportion of sedges in their
diets (32% to 56%).

As in many other grasslands, ungulates in YNP move nonrandomly over
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the landscape, feeding preferentially on grasses that are at particular stages of
development (Frank et al. 1998). Yellowstone elk migrate elevationally as
grasses produce new growth in spring (Houston 1982, Frank and McNaughton
1992). Some areas are intensively grazed but they recover as animals move
to other patches. Timing of feeding is critical because feeding on vegetative
material can have less impact than removal of growing points or reproductive
structures. Despain (1996) compared one exclosure with the surrounding
area. He found that elk fed heavily on the highly palatable bluebunch wheat-
grass but moved off before the grass flowered so that there was little differ-
ence between exclosures and the surrounding areas in the total amount of
green biomass of all species at the end of the growing season.

The grazing and migration pattern in the northern winter range results in
modest spring and summer grazing on the lower ranges that receive heavy
winter pressure and more intense grazing at higher elevations as snow recedes
and green-up occurs (Singer and Harter 1996).

There are visually apparent effects of grazing on YNP grasslands. The
question is whether those effects are signs of damage induced by feeding
populations that exceed the carrying capacity of those rangelands. NPS per-
spective at YNP (YNP 1997) is that there is a perceptional prob-
lem—observers who see YNPrangelands make comparisons with commercial
livestock rangeland and interpret the differences to indicate overgrazing
(Coughenour and Singer 1991, 1996a).

Grasses are generally adapted to grazing and may even respond positively
to appropriate grazing levels (Huff and Varley 1999). Grazing in YNP may
cause enhanced plant protein (Singer 1996) and nitrogen content (Coughenour
1991, Mack and Singer 1993), and grazed plants may produce taller leaf and
seed stalks (Singer and Harter 1996). Also, it is possible that animal move-
ments, deposition of urine and feces, and the physical effects of hooves com-
bined with plant responses to grazing could result in dense, short grass stands
of enhanced above-ground growth (Frank and McNaughton 1992). Plant
diversity on grazed sites is often higher than on ungrazed or heavily grazed
sites (Wallace et al. 1995). Some authors have suggested that there are
alarmingdecreases in plant diversityon Yellowstone’s northern range, implying
that overgrazing is occurring on some sites (Wagner et al. 1995).

Grazing in the northern range does not appear to reduce root biomass
(Coughenour 1991) or soil moisture content, even though there is an increase
in soil bulk density (Lane and Montagne 1996). Changes have been reported
in forb biomass (Singer 1995) and soil nutrients (Lane and Montagne 1996).
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Confounding Factors: Fire, Pocket Gophers, and Nonnative Plants

Three other factors affect shrublands and grasslands in the northern range,
but they have received little study.

Usually, fire is not common in grass or big sagebrush communities in the
northern range (Despain 1990), but unusual increases in sagebrush since the
1870s (Houston 1982) may have caused sufficient fuel buildup to carry fires
in this fire-sensitive vegetation type. After fire, numerous seedlings may estab-
lish, although there is little evidence that these plants survive and reproduce,
especially formountain bigsagebrush (Wambolt et al. 1999). Possibly, the lush,
young greenery draws ungulates to the site, increasing herbivory and further
decreasing sagebrush population recruitment (Wambolt et al. 1999). Fire has
fewer negative effects on grasslands and may stimulate community renewal.

Pocket gophers (Thomomys talpoides) are common, active, fossorial
rodents that move masses of soil wherever there is sufficient below-ground
consumable biomass to support them. Their digging activities, and those of
bears, create patches in YNP grasslands with high densities of forbs that
replace grasses and add to community diversity (Despain 1990). Pocket go-
phers can alter the structure of a community significantly and change the time-
course of succession (Chase et al. 1982). Activities of elk and other ungulates
might affect Thomomys populations by altering vegetation cover and soil com-
paction and consequently indirectly influence vegetation characteristics. If this
had occurred, it would complicate the assessment of ungulates’ effects on
vegetation, but we are not aware of relevant data for the northern range.

Nonnative plants are abundant in Yellowstone's northern range, especially
in big sagebrush and grassland habitats. Three grass species, timothy (Phleum
pratense), crested wheatgrass (Agropyron cristatum), and cheat grass
(Bromus tectorum), occur in the area and might alter, to an unknown degree,
ecosystem productivity, susceptibility to fires, and ecosystem nutrient dynamics
as well as other integrated measures of ecosystem processes (Huff and Var-
ley 1999).

Conclusions

Not enough data are available for the committee to evaluate the claim that
abiotic factors in the northern range are currently more influential than biotic
factors on vegetation (YNP 1997, Frank et al. 1998), or the reverse. Certainly,
many processes, especially those in the soil, are strongly mediated by animals
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in YNP (Frank and Groffman 1998). The available data indicate that over
short periods (decades), browsing and, in some areas, grazing have caused
declines in plant populations and productivity.

Sagebrush

Big sagebrush at higher elevations in the northern range appears to be at
relatively high abundance and vigor. These areas are important for ungulates
during the nonwinter portions of the year. Because snow is usually deep and
plants are relatively protected from elk browsing, these areas do not show
sagebrush decline and may even show increases. They are not obviously of
immediate management concern.

Lower-elevation big sagebrush stands, which have been very heavily used
by elk, are decreasing in density and productivity, especially near the northern
park boundary. Those sites are a critical winter range for a variety of other
ungulates, especially pronghorn. It appears that, without extensive and inten-
sive management to offset the damage done by elk browsing and grazing, the
sites will continue to be degraded as resources for pronghorns and other ungu-
lates (Wambolt and Sherwood 1999), especially near the northern boundary of
the park.

Grasslands

Grasslands do not appear to have been altered as much by grazing as low-
elevation shrublands have been by browsing. However, the few comprehen-
sive reviews of the literature do not factor in the amount of biomass or other
integrated measures of ecosystem characteristics contributed by nonnative
species. The few studies available do not indicate that biodiversity is declining
or that these systems are near a threshold value for some characteristic that
is critical to any ecosystem process that currently appears to be within normal,
long-term variations of the system. However, the committee would have more
confidence if there were more data and analyses available.

FOREST TYPES ASSOCIATED WITH THE NORTHERN RANGE

YNP forests range from lower elevation woodlands through dense forest
to timberline woodlands of whitebark pine and spruce and fir krummholz.
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Knight (1994) describes seven forest and woodland types in Wyoming, six of
which are found in YNP. The seven include limber-pine woodland, ponderosa-
pine forest, Douglas-fir forest, aspen forest, lodgepole-pine forest, spruce-fir
forest, and whitebark-pine woodland. There are many associations within
these forest types, based on the composition of dominant and subordinate
understory plants. Despain (1990) uses these associations to describe many
forest habitat types. Of the seven types described by Knight, only ponderosa-
pine forests are not found in YNP, and limber-pine woodlands are not com-
mon. The lack of ponderosa pine is considered to be caused by the predomi-
nance of rhyolitic soils on the Yellowstone Plateau, soils that create water
stress conditions too extreme for ponderosa pine in the elevational zone where
ponderosa pine might have established. The area may also lack the higher
summer precipitation and warmer and longer growing season temperatures
required by ponderosa pine. Of the six YNP forest or woodland types de-
scribed by Knight (1994), aspen forests are discussed separately in this chapter
because of the importance of their growth and reproductive response to chang-
ing environmental conditions in the northern range.

The forests of northern YNP and adjacent areas exist in a mosaic of
forests and meadows (or parks). The causes for this mosaic mostly relate to
moisture availability, whether influenced by soils, topography, or other factors
(Patten 1963). The forests of YNP are continuously changing as stands ma-
ture and external factors, such as long-term climatic changes (Whitlock 1993),
cause decline or loss of existing stands. Additionally, because of natural or
anthropogenic environmental changes, such as climate change or fire suppres-
sion, many nonforest areas have been invaded by trees (Patten 1969, Jakubas
and Romme 1993). Historical photograph comparisons show that many slopes
throughout the northern range have more conifer forests now than in the past
(Meagher and Houston 1998). These photographic comparisons also show a
decline of aspen stands throughout the area, a phenomenon also seen in re-
motely sensed data that show aspen changes inside and outside northern YNP
(Ripple and Larsen 2000a). Invasion by conifers of sagebrush and other
nonforested areas continues to occur throughout the GYE. Sagebrush areas
are becoming forest (Patten 1969), and forests are invading subalpine mead-
ows (Jakubas and Romme 1993).

The most common forest type in the lower elevations of the northern range
is dominated by Douglas fir (Pseudotsuga menziesii). It occurs below the
lodgepole pine zone (1,800 to 2,300 m) in dense stands on cooler sites and
sparse stands often mixed with Rocky Mountain juniper on drier or warmer
sites. Douglas fir develops a thick bark, which makes mature trees relatively
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fire tolerant. In the Yellowstone and Lamar River valleys (a major portion of
the northern range), Douglas fir is the most common tree, with snowberry a
common understory shrub in warmer sites and pine grass common in cooler
sites. Aspen and lodgepole pineare often associated with Douglas fir in these
areas. Douglas-fir forest with shiny-leaf spirea and other short woody shrubs
as understory is common in the northern range on upper slopes and ridges
(Despain 1990).

The extensive zone above Douglas-fir forest in the northern range is domi-
nated by lodgepole pine. Although Despain (1990) described a few pure
lodgepole-pine habitat types in YNP, none were in the northern range. How-
ever, using a cover classification, he described many cover types based on
different successional stages of lodgepole forests with different understory
recovery phases of climax species (e.g., subalpine fir). Knight (1994), how-
ever, described the lodgepole-pine forest as the most common forest type in
Wyoming, occurring in northern Wyoming from 1,800 to 3,200 m. He pointed
out that, although lodgepole pine is primarily a fire successional species, climax
lodgepole pine can occur on cool, nutrient-poor sites where otherRockyMoun-
tain conifers cannot survive.

The forest zone above the Douglas-fir zone includes other subalpine spe-
cies such as subalpine fir, Engelmann spruce, and, at higher elevations,
whitebark-pine woodlands. Spruce, fir, and sometimes whitebark pine form
stunted krummholz “forest” stands on the ecotone between forest and alpine
communities. In most cases, the krummholz is on exposed ridges or rocky
outcrops. The elevation of these woody communities is well above the north-
ern range especially the northern winter range.

Factors Influencing Present Conditions of
Northern Range Forests

The present condition of forests on the northern range has been deter-
mined primarily by changes in management of fire and ungulates

Fire

Fire management policy has changed over the past several decades in
YNP as well as in surrounding national forest wilderness areas. Before the
1970s, all fires were extinguished regardless of their location or intensity.
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During the 1970s, the benefits of fire were recognized, and fires that were
unlikely to damage human activities or structures were left to burn. This was
very successful as most fires in the park during the decades leading up to 1988
burned a few to several hundreds of hectares in Yellowstone’s conifer forests,
and the forest mosaic normally formed by disturbance processes was gradually
returning to a more “natural” landscape. Fires did not occur in the sage-
brush-grasslands during this time. (The fires of 1988 would have occurred
even if decades of controlled burns had preceded them.)

Forests of the northern range are a mosaic of burned and unburned stands,
most of which burned in 1988 (Despain et al. 1989). Before 1988 the forests
were pure lodgepole-pine or mixed lodgepole-Douglas-fir and lodgepole-
spruce-fir forests (Keigley 1997a). Most of the burned forests are recovering
as nearly pure stands of young lodgepole pine.

Ungulate Use

Many forest stands in the northern winter range and in the upper Gallatin
River drainage are heavily browsed and highlined (i.e., a browsing pattern on
trees caused by ungulates removing foliage and live twigs as high as they can
reach, thus creating a high line usually a few meters above the ground) (Kay
1990). Stunted conifers may not be browsed during mild winters and thus
grow into branched trees (see following paragraph for analysis of tree archi-
tecture). All conifer species are browsed. Spruce, fir, and Douglas-fir trees
are highlined, and adventitious branches, which grow on tree stems, are also
browsed. In the upper Gallatin River drainage near the YNP boundary, trees
are highlined throughout most of the area, but highlining decreases or disap-
pears several miles south of the park boundary at higher elevations or several
miles north of the boundary, where ungulates migrate but few overwinter
(committee observations). The forest-ungulate interaction found on the Gallatin
may represent a microcosm of the northern winter range. This interaction
demonstrates the influence of ungulates on the forest under winter conditions
where ungulates now stay at higher elevations in areas that once were primar-
ily summer range (Patten 1963).

Branch architecture and growth form have been used for determining the
intensity of browsing of shrubs and trees (Keigley 1997a). Young trees branch
after the terminal shoots are browsed and then may grow into branched rather
than single-stem tall trees if browsing pressure is reduced. Dating of the origin
of branching and other tree-architectural anomalies have been tied to periods
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of elevated ungulate numbers, while periods of “release” of terminal branches
to form tall trees appear to correspond with periods when ungulate numbers
were low (Keigley 1998).

Weather and Hydrology

Changes in forest patterns may be caused by altered hydrological condi-
tions. Certainly, some years in the decade of the 1980s had warmer, drier
weather than the decades preceding it, and apparently than the decade suc-
ceeding it. Consequently, when temperatures were warmer and winds were
greater than normal, small fires became big fires and the extensive fires of
1988 occurred. Such cyclical changes in climate cause short, sporadic
changes in many variables that affect forest ecosystems and therefore may
temporarily establish external conditions for change. These cycles are typical;
thus, disturbances and changes in forests of the northern range as influenced
by hydrological fluctuations are normal. How hydrological cycles influence
other factors such as ungulate behavior may be an important compounding
effect in determining causes for alterations of the forests and individual trees
within the forests and woodlands of the northern range.

Diseases and Infestations

Disease and infestations of insects and parasites are major factors that
modify the forests of the YNP and the surrounding area. Several infestations
of native species such as spruce budworm and pine-bark beetle have killed
many hectares of forest, sometimes producing barren slopes, whereas at other
locations only individual trees die. Reduction of tree health by these infesta-
tions, especially pine-bark beetle on lodgepole pine, makes trees susceptible to
other pathogenic epiphytes such as dwarf mistletoe.

Recently, invasion of nonnative white-pine blister rust into the Rocky
Mountains has caused mortality in whitebark pine and limber pine (Kendall and
Schirokauer 1997, Kendall and Asebrook 1998). Proximity of Ribes spp., the
secondary host for the fungus, as well as appropriate environmental conditions
are necessary for blister rust to invade pine stands. In areas where blister rust
infection is very high, such as Glacier National Park, conditions are moist; in
YNP, drier conditions tend to retard the spread of the rust (Kendall 1998,
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Kendall and Keane 2001). Elevation also plays a role in amount of infection,
as whitebark-pine stands at higher elevations, and perhaps greater distances
from Ribes communities, show less infection and mortality than lower-eleva-
tion stands. White-pine blister rust infection continues to expand in the GYE;
if whitebark pine is lost in that area, their seeds, a major food source for grizzly
bears, will also be lost (Kendall 1983, Mattson et al. 2001).

Conclusions

Forests associated with the northern range form a mosaic with nonforested
areas. Over the past century, probably because of fire suppression, many
non-forested areas have been invaded by trees, converting many hectares of
the northern range into savanna-type forests or closed-canopy forest stands.
These forests have been browsed by ungulates to a limited extent, mostly
where ungulates are short of winter food. This use does not appear to signifi-
cantly affect forest advance or the present distribution of the forests in the
northern range.

ASPEN COMMUNITIES OF THE NORTHERN RANGE

Aspen (Populus tremuloides) is the most widely distributed native North
American tree species (Fowells 1965) and an important component of land-
scapes in the intermountain west. Aspen is the only native upland deciduous
tree that occurs in YNP. Aspen stands support high numbers and diversity of
breeding birds (DeByle and Winokur 1985) and provide habitat for other wild-
life. They are an important source of forage for browsing ungulates, especially
during winter (Olmstead 1979). Aspen stands also are considered prime areas
for livestock grazing and can be extensive enough to provide a quality water-
shed and attractive scenery (DeByle and Winokur 1985). However, many
aspen stands throughout the west, including YNP, appear to have declined
during the twentieth century as old trees died and little recruitment took place.
The causes and consequences of this decline have received considerable
discussion (Krebill 1972, Loope and Gruell 1973, Schier 1975, Hinds and
Wengert 1977, Olmstead 1979, Bartos and Mueggler 1981, Hinds 1985, Boyce
1989, Kay 1990, Bartos et al. 1994, Romme et al. 1995, Baker et al. 1997).

Like other species of the genus Populus (poplars), aspen are single-
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trunked, deciduous trees that spread clonally by means of root-borne sucker
shoots (Eckenwalder 1996). They are among the fastest-growing temperate
trees, and their shoots continue to grow after bud-burst by initiating, expanding,
and maturing leaves throughout the growing season. Aspen is dioecious, having
separate male and female trees that flower before leaf emergence in the
spring. The seeds are born on catkins and are wind dispersed, often over long
distances. Seeds remain viable for only a few weeks after their release in late
spring (Moss 1938). Aspen usually regenerates via vegetative suckering from
the residual root system after a disturbance that kills the mature trees. These
adventitious shoots grow rapidly and are supported by the parental root system
for growth for at least the first 25 years (Zahner and DeByle 1965). The new
suckers develop new roots within the first few years, but the parent root sys-
tem remains alive and functioning for 40 to 50 years (Pregitzer and Friend
1996). Individual stems are relatively short lived. For example, most stems in
the Colorado Front Range are less than 75 years old. Few stems reach 200
years of age. The wood of poplars lacks terpenoids and other compounds that
resist decay, so the centers of large mature trees often are much rotted before
they fall (Eckenwalder 1996).

Aspen has a broader range of environmental tolerances than most of its
associated species and can grow in most mountain vegetation zones
(Daubenmire 1943, Fowells 1965). In the intermountain region, however, aspen
is confined to sites with moist soils with at least 38 cm of annual precipitation
and cold winters with deep snows (Jones and DeByle 1985). Subsurface
moisture from seeps, or other factors that concentrate water, characterize
aspen sites. In western Wyoming, the modal elevation of aspen stands is about
2,000 m. The upper elevation limits may be determined by growing season
length and the lower limits byevapotranspirational demands (Mueggler 1988).
Aspen in the northern range of YNP occurs in small- to medium-sized stands
growing on moist areas of the landscape. However, aspen stands in YNP are
not as robust as stands in the mid-intermountain regions of Utah and Colorado
(Mueggler 1988). In the Rocky Mountains, aspen is primarily a clonal species
that reproduces almost exclusively by root sprouting and produces large stands
composed of stems from one or a few genetic individuals (Barnes 1966,
McDonough 1985, Tuskan et al. 1996). The individual clones respond differ-
ently to environmental conditions across the landscape. This is obvious in the
fall when stands change color at different times and to different shades; differ-
ences may also be evident in responses to moisture stress and other environ-
mental factors.
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Reestablishment of aspen by seed is believed to have occurred infre-
quently in the Rocky Mountains since the last glaciation because climatic
conditions have not been suitable for widespread germination and seedling
establishment (Einspahr and Winston 1977, Cook 1983). However, rare epi-
sodes of seedling recruitment have occurred (Jelinski and Cheliak 1992),
among them the widespread establishment of aspen seedlings in YNP after the
1988 fires (Kay 1993, Romme et al. 1997, Stevens et al. 1999). It is difficult
to age aspen clones, as they are long-lived and may be much older than the
oldest live canopy tree (Grant 1993). Existing large trees in an aspen clone
represent “recruitment events” for tree-sized stems—that is, periods when
conditions were suitable for seedlings or root sprouts to develop into tall trees.

Aspen occurs both as successional and as climax vegetation. Aspen root
sprouts readily after disturbances such as fires that kill the overstory trees
(Mueggler 1988, Romme et al. 2001). Fire enhances this recruitment, but any
event, including aging, senescence, and death (e.g., by girdling) of the over-
story trees, that reduces the apical dominance that typically suppresses root
sprout development and growth may trigger extensive root sprouting. The
extensive aspen stands throughout the central Rockies are believed to be partly
a result of wildfires, and some investigators have suggested that the elimination
of fire reduced regeneration of aspen (Loope and Gruell 1973, Houston 1982).
Root sprouts tend to grow faster than seedlings, and thus aspen sprouts can
easily outcompete other species, such as conifers, that must regenerate
through seeds (Despain 1990). Aspen is not shade-tolerant, so if conifers start
to grow under aspen stands, they may eventually shade out the aspen. In other
locations, aspen can remain as the climax vegetation, continuing to regenerate
through root sprouts when the individuals that compose the canopy become
senescent (Despain 1990).

Aspen, like most Populus species, is preferentially browsed by ungulates
when in leaf and during winter (Olmstead 1979). Elk eat the tips of aspen
sprouts and the bark of mature trees, except where the smooth white bark has
been replaced by thick, black, corky bark in response to prior injury. Aspen
root sprouts and seedlings may be severely browsed by elk during winter or
during spring and fall migrations between the summer and winter ranges. In
many parts of YNP and the GYE, elk commonly browse nearly all root sprouts
in aspen stands (Romme et al. 1995, Ripple and Larsen 2000a). Several inves-
tigators have suggested that excessive elk browsing is the major reason for the
lack of regeneration of aspen stands (Krebill 1972; Beetle 1974, 1979; Kay
1990; Bartos et al. 1994). Indeed, ungulate browsing can increase mortality
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of aspen saplings and suckers reduce or eliminate root suckers (which pre-
vents regeneration of large stems), and contribute to increased disease in
larger trees (DeByle and Winokur 1985, Hinds 1985).

Aspen stands are scattered throughout the northern range where moisture
conditions are suitable. Historical photographs suggest that aspen thickets
occurred on the northern range during the early twentieth century (Houston
1982, Kay 1990, Meagher and Houston 1998). Kay (1990) and Keigley and
Wagner (1998) show photographs of aspen stands in the 1800s with no browse
line, whereas Houston (1982) describes a browse line for this period. In the
late 1800s, there were approximately 6,000 ha of aspen on the northern winter
range, whereas today aspen cover only about 2,000 ha, and many of them are
in a shrub form (Renkin and Despain 1996). Because much of the northern
winter range is sagebrush-grassland or wet bottomlands, locations where aspen
can develop are limited. This scarcity of sites is common in semi-arid environ-
ments such as the lower elevations of the northern winter range. In the for-
ested areas of the northern range, aspen represents a localized vegetation type,
possibly relicts of past fire regimes (Houston 1982).

Except for aspen clones in exclosures, most aspen stands on the northern
range contain aging or senescent trees with a relatively dense understory of
root sprouts mixed with a herbaceous ground cover. About 85% of the large
aspen alive today on the northern range originated before 1920 (Romme et al.
1995, Ripple and Larsen 2000b). Romme et al. (1995) obtained increment
cores from 15 aspen stands, which revealed a period of aspen regeneration in
the 1870s and 1880s. Ripple and Larsen (2000b) developed a more compre-
hensive age structure for northern range aspen by obtaining 98 readable incre-
ment cores from 57 different stands. Results of this study revealed that 85%
of the sampled aspen stems originated between 1871 and 1920, with 10%
originating before 1871 and only 5% from 1921 to 1998. The relative paucity
of older aspen (Romme et al. 1995, Kay 1997, Ripple and Larsen 2000b) is
consistent with the relatively short lifespan of individual aspen stems. It is
clear that very few of the stems became established in the twentieth century.
However, quantifying the establishment of tree-sized aspen earlier in the nine-
teenth century is difficult because many trees have already died and some
older trees are not sound enough for aging.

A historical data set in which the diameter at breast height (DBH) was
recorded for aspen trees in 20 separate riparian stands in 1921 and 1922 (War-
ren 1926) has provided a valuable insight on northern-range aspen in the eigh-
teenth and nineteenth centuries. Ripple and Larsen (2000b) used these data
to infer historical age distribution. New increment cores were collected in
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1998 from 30 northern range aspen and 19 aspen from the Gallatin National
Forest to determine the relationship between aspen age and DBH. The result-
ing regression was then applied to the largest diameter aspen in each of War-
ren’s (1926) stands. This analysis revealed that the aspen present in 1921 and
1922 had originated between 1750 and 1920.

Northern range aspen have produced root sprouts during recent decades,
but root spouts have not been able to grow higher than the herbaceous layer.
Sprouts are regularly browsed back by ungulates to the approximate depth of
winter snowpack (Romme et al. 1995). Browsing intensity is high. For exam-
ple, between 50% and 70% of aspen root sprouts in both burned and unburned
stands on the northern range were browsed in 1990 and 1991 (Romme et al.
1995), and Ripple and Larsen (2000b) found that 89% of aspen stems in the
northern range showed evidence of browsing in 1997. As the large, older
aspen stems die, they are not replaced by new recruitment into the canopy, and
shrubby aspen, grasses, and forbs may come to dominate (Kay 1990). How-
ever, root sprouts that have been protected from browsing within an exclosure
have grown several meters, which suggests that climatic conditions are suitable
for such growth. Removal of the exclosure exposes them to stem girdling by
ungulates. These taller individuals then die, returning the clone to aged trees
and herb-height root sprouts.

Multiaged or multiheight aspen clones are scarce in Yellowstone, espe-
cially in the northern parts of the park. In contrast, multiheight aspen clones
exist at mid-elevations in areas within the GYE but outside YNP (e.g., Centen-
nial Valley and Grand Teton National Park). Some areas of transitional range
outside YNP may receive less browsing because migrating elk may not be
present long enough or densities of ungulates in these areas may be lower than
in YNP. Studies from Yellowstone and elsewhere in the Rocky Mountains
provide insight into the regional variation in the factors that explain these differ-
ences, including fire, elk browsing, and other environmental drivers (e.g.,
DeByle and Winokur 1985, Romme et al. 1995, Baker et al. 1997, Kay 1997,
White et al. 1998).

Factors Influencing Present Conditions of Aspen Communities

Precipitation

Rain and snow, by recharging subsurface soil moisture and protecting
woody plants, affect the availability of winter forage and hence migration of
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ungulates. Together or separately, these may influence ungulate utilization of
aspen root sprouts, shrub-aspen, and aspen bark. For example, in some reports
on the northern winter range, long-term sprout height appeared to be a function
of snow depth (Kittams 1952, Barmore 1980). Annual precipitation has fluctu-
ated over the past century but without drying or wetting trends. During this
time there has been no reduction in stream flows in general in YNP or in the
Lamar River, as measured at a gage within the northern winter range. How-
ever, the 1930s and 1980s were drier decades than others in this century.
Data from the 1980s have been used to infer a drying trend (YNP northern
range report), but if there was a trend, it ended in the 1990s. Snow-water
equivalent depth in April for two snow courses in the northern range shows a
decline in the 1980s, a period that also was below normal for annual peak
flows. The 1990s, however, had peak flows above normal, and heavy snow-
packs in 1996 and 1997 produced back-to-back 100-year floods on the Yellow-
stone River.

The conclusions that can be drawn from the hydrological information are
that there have been periods of above or below normal precipitation and snow
cover during the past century, but there is no consistent pattern of declining
precipitation or snow cover in the northern range. Consequently, snow through
its influence on elk migration or protection of aspens, cannot be the one factor
that produced changes in aspen stand conditions on the northern range. Pre-
cipitation as a source of subsurface moisture also has probably not changed
sufficiently to affect aspen condition. The fact that aspen clones continue to
produce prolific root sprouts and maintain shrub-aspen stands indicates that
there probably is little moisture stress for these communities, although seedlings
may experience greater moisture stress.

Balling et al. (1992b) examined the climate record for YNP (1890 to 1990)
with regard to the relationship between climate and wildfire. Although they did
not focus on snowpack, their analyses demonstrated a significant increase in
summer temperatures during the century-long record along with a decline in
January to June precipitation levels. Taken together, these changes suggest
an increase in summer drought conditions in YNP during the past century.
The period before the historical record coincides with the end of the Little Ice
Age, an extended period of cooler global climate conditions, whereas the pe-
riod of the Balling et al. (1992a) study ended before the wetter 1990s. Al-
though these differences are not sufficient to explain the decline of aspen
stands in YNP during the twentieth century, the climatic changes suggest the
possibility of increased moisture stress as a contributing factor, although the
twentieth century fluctuations in annual indices of drought stress fall within
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normal fluctuations over the past several centuries. However, in Yellowstone
and throughout the Rocky Mountains, climatic change does not appear to be
closely associated with aspen regeneration. In Rocky Mountain National Park,
Baker et al. (1997) found little evidence for a relationship between aspen
regeneration and climate, and aspen have not regenerated in Yellowstone
during the climatically favorable conditions that have occurred since the 1920s
(Ripple and Larsen 2000b). More important, their dendrochronological data
show that aspen regeneration occurred during both favorable and unfavorable
climatic conditions between 1871 and 1920 (Ripple and Larsen 2000b). More-
over, many aspen clones in the GYE where there is little winter use by ungu-
lates show normal recruitment and expansion of clonal boundaries (committee
member observations).

Fire

Fire is a major factor that enhances aspen recruitment (Loope and Gruell
1973, Brown and DeByle 1987). Typically, fire removes competing overstory
conifers, triggering profuse aspen root sprouting and potentially producing
extensive clonal stands. Reduction in fire frequency consequently may reduce
the number and extent of aspen clones. Clones that do not have extensive
successional understory development of conifers may continue to exist for
many “generations” through root sprouting as the older trees senesce.

On the northern range, fire frequency has been reduced since the 1800s
through fire suppression in YNP and adjacent national forests. Fire recurred
every 20 to 25 years in northern YNP before the initiation of fire control in the
late 1800s; from 1900 to 1988, there were almost no fires in Yellowstone’s
northern range (Houston 1973). Consequently, some of the aspen clones are
becoming mixed aspen-conifer stands (Mueggler 1988). Others, however,
remain as relatively pure aspen clones, especially in locations either some
distance from conifer seed dispersal or on locations that may not be suitable
for conifer recruitment. Examples of both pure aspen clones, some contained
within exclosures, and aspen-conifer successional stands are found on the
northern range. In both situations, there is often extensive aspen clonal root
sprouting if the conifer canopy is not too dense. Thus, a reduction in fire fre-
quency may reduce the expansion of existing aspen clones and also may pre-
vent development of new clones through sexual recruitment. Fire suppression
could be one factor contributing to the lack of recent recruitment of tree-sized
stems. However, Hessl (2000) found no significant difference in aspen-sucker
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density in response to fire in the Gros Ventre watershed south of Yellowstone,
and, even after the 1988 fires, aspen shoots have not grown enough to escape
being eaten by elk in northern Yellowstone.

The 1988 Yellowstone fires burned approximately 22% of the northern
range. Mature aspen stands that were burned in 1988 produced hundreds of
thousands of root sprouts per hectare, but the 1988 fires resulted in a reduction
in the number of aspen within shrub-aspen communities on the northern range
(Kay and Wagner 1996). The density of shrub-aspen before fire (1986) was
about 18,000 stems per ha, and shortly after the fire (1989) it was about 19,000
stems per ha, but by 1992 the number had dropped to about 10,000 stems per
hectare. Extensive seeding of aspen in burned areas also occurred after the
1988 fires (Kay 1993, Romme et al. 1997). These seedling aspen are geneti-
cally diverse but are not elongating rapidly in YNP (Stevens et al. 1999).
Browsing intensity on seedling aspen remains high, and even unbrowsed indi-
viduals attained maximum heights of only about 1.5 m by 1999 (M.G. Turner,
personal observation). Thus, despite extensive root sprouting and seedling
establishment after the 1988 fires, regeneration of large aspen is not yet occur-
ring.

The accumulation of postfire coarse woody debris may, however, favor
aspen regeneration. As conifers killed by fire fall, extremely dense piles of
coarse woody debris may accumulate and provide refugia from ungulate
browsing. After the 1988 fires, seedling aspen growing in areas with a lot of
fallen conifers had not been browsed by ungulates since 1993 (Turner and
Romme 1994). In burned areas on the northern range, Ripple and Larsen
(2001) found that aspen suckers protected by fallen conifer barriers were, on
average, twice the height of unprotected suckers.

Ungulate Use

Dendrochronological studies in the GYE and elsewhere in the Rocky
Mountain region suggest a strong relationship between elk densityand regener-
ation of aspen cohorts—stands containing a predominant size class or distinct
patches of different size classes that are spatially segregated within a clone
(Baker et al. 1997). In Rocky Mountain National Park, Baker et al. (1997)
found only a weak correspondence between regeneration of aspen cohorts
since 1875 and climatic and hydrologic fluctuations; aspen regenerated in both
cool and warm periods and during periods with less than average precipitation.
However, aspen regeneration seemed to be related to fluctuations in elk den-
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sity, with cohorts regenerating when elk density was probably low and exhibit-
ing no regeneration when elk density was high (Baker et al. 1997). Notably,
aspen regeneration appeared to have been sporadic when elk density was
lower than today (e.g., late 1800s to early 1900s), although older cohorts may
have already senesced. The complete absence of recruitment of aspen trees
since the late 1970s is anomalous in their record. Based on mortality levels of
suckers and established trees, sucker density, and the reduced height and
extensive branching of browsed suckers, Baker et al. (1997) concluded that
the aspen population in the elk winter range in Rocky Mountain National Park
is declining, largely in response to elk browsing. In the Gros Ventre water-
shed, located south of Yellowstone and managed by the Bridger-Teton Na-
tional Forest, Hessl (2000) examined aspen regeneration since 1850 in relation
to fire, elk browsing, climatic variation, and land management regimes. Regen-
eration of aspen cohorts in the Gros Ventre has been episodic and largely
corresponds to periods when elk density was lower (e.g., late 1800s and 1940s
and 1950s) or browsing pressure on native vegetation was reduced (1970s)
because of artificial winter feeding in the National Elk Refuge located near
Jackson, Wyoming. Current patterns of aspen regeneration appear to be
related to human-induced gradients of elk use, with browsing intensity highest
near the winter feeding grounds and declining with distance from the feeding
grounds.

Ripple and Larsen (2000a) compared the percentage of aspen stems
browsed in stands located in the northern range and in two locations in the
nearbyGallatin National Forest: the Sunlight Basin, close to the northern range,
and Clarks Fork Basin, which does not receive heavy ungulate use in the
winter. Their initial data revealed that the highest browsing intensity occurred
on the northern range (89.6% of 1,100 observed ramets were browsed), but
browsing intensity was also high in the Sunlight (85.6% of 611 ramets) and
Clarks Fork (76.7% of 322 ramets) Basins. However, the Clarks Fork site
contained a more even distribution of aspen in a wide range of size classes
compared with the northern range, in which all aspen stands contained individ-
uals of >20 cm DBH and none of <11 cm DBH. In the Sunlight Basin, 90%
of the stands contained aspen of >11 cm DBH, but 11.5% of the stands con-
tained individuals of 1 to 5 cm DBH, and 27.8% of the stands had individuals
of 6 to 10 cm DBH. Ripple and Larsen are also using aerial photos to examine
changes through time in aspen stands in northern Yellowstone and the Gallatin
and Shoshone National Forests, but the results of these analyses are not avail-
able.

There is indisputable evidence that ungulates, primarily elk, are browsing
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aspen intensively on the northern range and likely have done so throughout the
twentieth century. Ungulates are a major factor contributing to the current
absence of recruitment of tree-sized aspen in YNP (Kay 1993, Romme et al.
1995, Ripple and Larsen 2000b) and in other locations in the Rocky Mountains
(Baker et al. 1997, Hessl 2000). What is not known, however, is how ungulate
numbers and patterns of habitat use before park establishment might have
influenced the spatial and temporal dynamics of herbivory on aspen. This
perspective is important because an understanding of the dynamic interaction
between elk and aspen would help us interpret the current condition.

There is controversy about the numbers, or even the presence, of ungu-
lates in the northern range in the pre-Columbian period. Evidence supports the
presence of ungulates (primarily elk) in the northern range when YNP was
established (Schullery and Whittlesey 1992). However, available evidence
does not suggest that extensive herds of ungulates wintered in what is now the
northern winter range in the period immediately before establishment of YNP
(see Appendix A). Certainly, photographic evidence presented by Kay (1990)
and Keigley and Wagner (1998) suggests that there was little woody plant
utilization by ungulates in the mid- to late 1800s. This could mean that (1) no
or few ungulates were there any time of year (Kay’s position), or (2) that no
or few ungulates used the northern range when forage was scarce and woody
plants were one of the few food sources available because herds had migrated
to lower elevations, conditions expected during severe winters (Keigley and
Wagner’s position).

It is unlikely that woody plants, includingaspen stands with little highlining
and extensive tall willow communities, could have existed if large numbers of
ungulates used the northern range in winter in the late 1800s. Data collected
by Barmore (1965, presented by Renkin and Despain 1996) when the elk herd
was reduced in the late 1950s and early 1960s show that levels of elk use as
low as 10 elk-use days per acre resulted in over 75% utilization of aspen sprout
leaders, and elk-use days no greater than 25 per acre resulted in 100% utili-
zation. Consequently, there appears to be a change in the ungulate use pattern
of the northern range over the past century and a half, with more animals
staying in the park’s northern range in the winter. This change may be due to
several factors, none of which has been thoroughly tested. These include
increased human activities and development within the original winter range
and winter migration routes as well as development of a regular hunting season
that created hunting pressures on the YNP northern border. Cole (1969) used
these factors to account for altered migration patterns and forage use of elk
in southern YNP-Grand Teton National Park elk herds.
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Chemical composition, especially secondary compounds, may influence
herbivory and the survival of aspen. Some authors have suggested that wil-
lows and aspen in YNP have inadequate secondary compounds to defend
against elk browsing (e.g., Singer et al. 1994), but the chemical composition of
aspen and its relationship to browsing have not been studied in Yellowstone.
The dominant secondary metabolites of aspen are phenolic products of the
shikimic acid pathway. These include condensed tannins, phenolic glycosides
(the salicylates salicin, salicortin, tremuloidin, and tremulacin), and coniferyl
benzoate (Palo 1984, Lindroth and Hwang1996). Tannins and phenolic glyco-
sides occur in leaf, stem, and root tissues, whereas coniferyl benzoate occurs
only in flower buds. The influence of tannins and phenolic glycosides on feed-
ing by insect herbivores, particularly Lepidoptera, has received considerable
investigation. Tannins are ineffective defenses, whereas phenolic glycosides
are effective at moderate to high concentrations against many aspen-feeding
insects (Bryant et al. 1987, Hemming and Lindroth 1995, Lindroth and Hwang
1996, Hwang and Lindroth 1998). Coniferyl benzoate provides protection
against herbivorous birds such as grouse (Jakubas et al. 1989). However, little
is known about the influence of aspen secondary metabolites on the foraging
behavior of mammals, particularly ungulates. Phenolic glycosides and their
derivatives, but not tannins, deter feeding by hares (Tahvanainen et al. 1985,
Reichardt et al. 1990). Aspen tannins may be similarly ineffective against
browsing ungulates, a prediction consistent with the production of tannin-
binding salivary proteins in such animals (Austin et al. 1989, Hagerman and
Robbins 1993). Jelinski and Fisher (1991) found significant variation in second-
ary compounds among aspen clones but concluded that these concentrations
did not appear to inhibit palatability or digestibility for members of the deer
family. Erwin et al. (2001) concluded that for aspen seedlings and clones in
Yellowstone, foliar phenolic glycosides and tannins were not active defenses
induced in response to browsing by large mammals.

Several exclosures in the northern range and the Gallatin range (north-
western YNP) demonstrate that, with protection from ungulates, aspen can still
grow tall and root sprouts can produce multiple age classes of above-ground
stems. Intensive ungulate browsing on aspen may result from factors that
concentrate the animals near the aspen clones, and/or from the ungulate herds
being sufficiently large that nearly all aspen is utilized. If ungulates are “pre-
vented” from migrating to portions of their historical winter range, the density
of ungulates on the remaining available winter range will be unnaturally high.
Hunting and human developments (e.g., throughout Paradise Valley, north of
YNP) can prevent long-distance migration. Truncation of migration routes may
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also hasten the spring return of ungulates to the summer range at times when
herbaceous plant biomass is still low and woody forage must be consumed.

Interrelated Changes

Aspen communities no longer produce root sprouts that grow into tall trees
in the northern range. Root sprouting continues, which indicates adequate local
abiotic conditions for this form of recruitment and suggests that other factors
must be contributing to prevent the development of tall aspen clones. Fire
suppression has prevented reduction of competition and enhancement of condi-
tions for tall growth. However, this cannot explain the lack of regeneration,
particularly given that the 1988 fires resulted in profuse root sprouting that was
intensively browsed. Ungulate browsing clearly contributes to the lack of
regeneration, although the long-term dynamics of aspen in northern YNP are
not well understood. Romme et al. (1995) hypothesized that during the late
1800s, when they thought the last recruitment of tree-sized aspen occurred,
might have been characterized by several co-occurring factors, including inten-
sive market hunting for elk, more frequent fires, generallymoist growingcondi-
tions, and reduction in beaver populations, which all contributed to reduced
browsing pressure. However, recent work by Ripple and Larsen (2000b)
indicates that aspen regeneration did occur as recently as 1921. In interpreting
these patterns, Ripple and Larsen (2000b) hypothesized that the disruption of
natural predator-prey relationships may have contributed to the observed dif-
ferences in aspen regeneration. Furthermore, they suggest that the reestab-
lishment of wolves in 1995 may benefit aspen in the long term. In addition to
reducing elk population size, wolves may also influence ungulate movement
and browsing patterns. In Jasper National Park, White et al. (1998) reported
that a new cohort of aspen sprouts regenerated into trees ranging from 3 to
5 m tall after wolves were reintroduced. Top-down control on ungulate
herbivory has also been suggested in Isle Royale National Park, a system with
no long-range ungulate migration (McLaren and Peterson 1994).

Postfire coarse woody debris (i.e., fallen trees) also can protect aspen
from ungulate browsing and has contributed to greater elongation of aspen
suckers in burned stands on the northern range (Ripple and Larsen 2001).
Ripple and Larsen (2001) have also suggested that park managers might cre-
ate experimental “jackstraw piles” of dead conifers to create barriers to
browsing and hence facilitate aspen regeneration.
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Conclusion

All data sources indicate that the abundance of large aspen in northern
Yellowstone has declined during the twentieth century, and most indicate that
this decline is due primarily to ungulate browsing. Although climate and fire
may influence aspen dynamics, these factors have not been the main drivers
for the changes in aspen observed during the recent century. Rather, the
ungulate population, both in size and behavior, appears to be most strongly
correlated with aspen regeneration in the GYE. Large aspen trees are likely
to regenerate on the northern range under current conditions only if they are
protected from ungulates, either through physical barriers (which may develop
naturally with postfire coarse woody debris or which may be provided artifi-
cially) or through behavioral changes, as might be induced by the presence of
predators such as wolves, unless much more extensive lower-elevation winter
range becomes available.

RIPARIAN COMMUNITIES OF THE NORTHERN RANGE

Riparian ecosystems are the transition from stream to upland. They oc-
cupy a very small part of the landscape, often less than 1%, yet they play an
important role in stream dynamics, wildlife ecology, and biodiversity of the
region (Naiman et al. 1993, Naiman and Decamps 1997, Patten 1998). In
most cases riparian ecosystems occur on alluvial sediment deposits where river
and alluvial groundwater supplements water available from precipitation
(Gregory et al. 1991). Riparian ecosystems may also be found near springs
and seeps where the groundwater surfaces to create wet areas or surface
flows. Riparian ecosystems are frequently disturbed by periodic flooding and
thus are in a continual process of succession (Malanson 1993). They also
exhibit a high level of resiliency after termination or removal of disturbances
or stressors—for example, after floods, after the return of normal stream
flows, or after removal of grazing (Stromberg et al. 1997; Kaufmann et al.
2000; Patten 1998, 2000).

Most western North American riparian vegetation communities are a
result of recruitment and survival in response to seasonal hydrological events,
variation in groundwater depth, and flood-generated gravel bars. For example,
most western cottonwood species recruit along streams on bare, moist sur-
faces during the decline of spring high flows (Friedman et al. 1995, Scott et al.
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1997, Stromberg et al. 1997). Survival of these trees depends on maintenance
of a high water table in the floodplain and avoidance of scouring by floods and
ice flows. Mortality, or inability to survive after recruitment may result if the
water table drops below that tolerated by young or maturing plants (Rood and
Mahoney 1995).

Willows are a common woody component of many western riparian com-
munities. Although their recruitment may also coincide with spring floods,
availability of damp soils may be sufficient for them to establish and survive.
Factors that help maintain an elevated water table enhance willow community
growth and expansion. For example, beaver activity may elevate the water
table and create suitable sites for willow community expansion, whereas
stream incising may lower the water table and cause stress to willows.

In the Rockies, valley geomorphology directly influences the extent and
type of riparian communities (Patten 1998). Streams that flow through broad
valleys with low gradients may be lined by both woody and herbaceous riparian
vegetation. If the water table is shallow, wetland herbaceous plants (e.g.,
sedges and wetland grasses) may extend for some distance from the river.
These areas often are devoid of woody species because the herbaceous plants
may prevent establishment of willows or cottonwoods. Willows and some-
times cottonwoods may occur near the stream, where floods enhance their
recruitment. Once established, these species may spread asexually and ex-
pand within the floodplain, often occurringaway from the stream as it migrates
across the floodplain.

Riparian communities in the northern range have developed in response to
many of the conditions discussed above. Both low-gradient and relatively
steep valleys exist in the northern range. In the lower reaches of the northern
range, the Yellowstone and Gardner Rivers cut through canyons, providing
only narrow areas for cottonwood stands and shrub-willow communities.
Twenty-four species of willow are found in the northern range, and species
composition changes, in part, with elevation as well as geomorphic setting
(YNP 1997). For example, false mountain willow (Salix pseudomonticola)
is more common at lower elevations; Drummond, Farr, and Barclay willows
(S. drummondiana, S. farrii, S. barcleyi) are more common at higher eleva-
tions; wolf willow (S. wolfii) is common on broad floodplains; and sandbar
willow (S. exigua) is common on sandy, exposed-stream meander lobes.
Other woody species, such as shrubby cinquefoil (Potentilla fruticosa) and
water birch (Betula glandulosa), are also found in the riparian zone (Singer
1996).
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Reaches of the Lamar River and Soda Butte and Cache Creeks at
mid-elevation in the northern range extend across low-gradient floodplains
where willow and wetland herbaceous communities are common. Narrow leaf
cottonwood (Populus augustifolia) occurs in limited stands near the channel
on present and past river meander lobes (point bars) (Keigley 1997b). At
higher elevations these rivers flow through both narrow- and steep-gradient
valleys and shallow low-gradient floodplains. Cottonwoods drop out and wil-
low and herbaceous communities dominate on low-gradient reaches. Conifers
become co-dominants along the streams as the range changes from winter/
summer to only summer ungulate range (the upper elevations of the northern
range). Throughout the northern range are several seeps and springs that also
support deep-rooted communities, primarily willow. These are not truly ripar-
ian communities because they do not occur along the edge of streams or lakes,
but the shallow water table that creates the spring or seep also creates suitable
habitat for riparian and wetland species. Also, in some areas aspen is a ripar-
ian species. Warren (1926) found aspen along streams and ponds, especially
where there was extensive beaver activity, but most of those stands are gone.
Aspen can still be found in riparian conditions but in limited situations, espe-
cially along smaller streams. Most aspen stands in the northern range are in
moist upland areas.

Riparian communities in the northern range exist, or have existed, because
conditions were suitable (1) for recruitment of the characteristic riparian spe-
cies, (2) for maintenance of established species because the alluvial water
table was sufficiently shallow to maintain plant growth and survival, and (3)
because factors, such as loss of adequate groundwater availability, changes in
surface hydrology, plant communitymodification through browsingandgrazing
activities, and other human modifications of the landscape exerted only moder-
ate pressures. If any of these conditions—which helped create the riparian
communities—change through natural or anthropogenic actions, the riparian
community is stressed and may degrade or be lost from places on the northern
range where they formerly occurred.

The riparian ecosystems along the northern borders of YNP and adjacent
areas of ungulate winter use, including the northern range and the Gallatin
River valley in the northwestern corner of the park, show evidence of degrada-
tion in response to stressors (Patten 1968, Singer et al. 1994, Keigley 1997b,
YNP 1997). In these areas, woody riparian vegetation has many dead
branches, often with new growth emanating from low on the plant. In the
upper Gallatin River drainage there are no cottonwoods, and so evidence of
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stress exists only in willows, whereas in the lower and mid-elevations of the
northern range both willows and cottonwoods show signs of stress. In some
cases, where factors that maintain riparian communities have changed sub-
stantially during the past 100 years or more, riparian communities are absent.
In other situations, woody riparian vegetation appears to be stunted or main-
tained in a short-stature growth form. This is true of both cottonwoods and
willows. Evidence of periodically successful recruitment of young cotton-
woods and of the existence of cottonwood canopy layers representing several
age classes or recruitment events is almost lacking along most of the streams
in the northern range. Mature and overmature cottonwoods occur in several
locations, and hedged cottonwoods with large stems, which clearly are old, are
sometimes found in these mature cottonwood galleries (Keigley 1997b). Cot-
tonwood seedlings are found on good recruitment sites some years, but these
seedlings currently are not surviving to become mature trees. Although nar-
row-leaf cottonwood can root-sprout and this is occurring along the streams
in the northern range, root sprouts also do not appear to be reaching maturity
or growing tall enough to contribute to a mid-height or tall canopy within the
cottonwood galleries.

Onbroad, low-gradient floodplains, extensive willow communities still exist,
but they are generally overtopped by the associated herbaceous vegetation.
In other places where willow occurs, such as at seeps or along steeper gradi-
ent streams, willows also appear to be prevented from growing to normal
stature for the species. Willow species differ in their normal height growth.
For example, wolf willow generally is of low stature (1 to 1.5 m), whereas
Geyer, Booth, and Bebb willow generally attain heights of several meters.
Many willow species can reproduce asexually, and spread along the streams
where moisture conditions are favorable. Recruitment of shrubby willow
species is not tied as closely to hydrological events as that of cottonwood.
Seed dispersal may not depend strongly on spring floods, and recruitment may
occur on any available moist substrate that is accessible to the seeds. Willows
normally require and are more tolerant of wetter soils than cottonwood. Con-
sequently, their establishment in near-wetland conditions close to streams,
instead of on more elevated locations (0.5 to 1.5 m above baseflow) where
cottonwoods grow, shows they could grow along a river or on any wet soil
with persistent alluvial groundwater regardless of surface events such as
spring floods. Willows are also less tolerant of drought conditions and lower
water tables than cottonwoods (Stromberg et al. 1996).
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Factors Influencing Present Conditions of Riparian Communities

Hydrology

Several hydrological factors influence riparian vegetation recruitment,
growth, and maintenance. We discuss these factors separately, as changes in
any one may significantly influence riparian communities.

Precipitation

Precipitation influences riparian ecosystems through its influence on runoff,
stream flow, and groundwater recharge. Variability in precipitation for the
past several decades falls within normal variation over the period of record,
including expected periods of drought and above-normal precipitation. If pre-
cipitation were the cause of changes in riparian vegetation in the northern
range, stream flow magnitudes should be outside the normal range. An analy-
sis of peak and annual flows in the Yellowstone River near Corwin Springs
shows that both peak flows and annual discharge volumes were generally
below average in the earlier part of the twentieth century (Figures 3-1 and 3-
2). Peak flows are analyzed in addition to annual discharge because they often
closely represent snowpack conditions, the conditions that recharge and main-
tain elevated water tables in the watershed. Corwin Springs was used be-
cause it is the first U.S. Geological Survey (USGS) gage outside YNP on the
Yellowstone River. The Yellowstone River drains most of the watershed of
the northern range in addition to southern watersheds in Yellowstone, and data
from the Corwin gage integrate most of the watershed output. Discharge
patterns at Corwin Springs also correlate well with discharge patterns of the
Lamar River, which primarily drains the northern range (Mowry 1998). Pre-
cipitation gages and snow measurements are spotty, and precipitation in moun-
tainous terrain tends to be quite heterogeneous. Thus, an integrating measure-
ment is more useful.

YNP used Yellowstone’s northern range data to argue that there was a
decline in precipitation and stream flows from 1982 to 1994 caused by drying
conditions that stressed the range, forest, and riparian ecosystems (YNP
1997). However, this is too short a period to demonstrate unusual variation.
Peak flows and annual discharge averaged below normal during the 1980s, but
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willows declined (i.e., reduced stature and loss) during the earlier decades of
the twentieth century (Smith et al. 1915, Warren 1926). Therefore, it is neces-
sary to use hydrological data from most of the century to detect whether hy-
drological changes have caused willow decline.

Increased precipitation at high elevations has been used to explain the
vigor of higher-elevation willow communities (YNP 1997); however, willows
occur along stream courses where they have access to groundwater and soils
wetted from the stream or from capillary rise of water from the water table
(Dawson and Ehleringer 1991, Busch et al. 1992, Flanagan et al. 1992). Con-
sequently, the amount of local precipitation has very little influence on willow
growth and survival, except when it is in the form of a snow cover (see be-
low).

Snow Accumulation

Annual snow accumulation during the twentieth centurywas within normal
variability for the period of record based on spring runoff data (Farnes 1998).

FIGURE 3-1 Annual peak stream flow in cubic meters per second (cms) at Corwin
Springs on the Yellowstone River a few miles downstream from Gardiner, MT. USGS
gage 06191500.
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There has been considerable variation in the past few years, with 1996 and
1997 having high accumulations, and 1998, 2000, and 2001 having accumula-
tions well below the mean. Some evidence shows that runoff from snow melt
peaked earlier, by three days on average, after the 1988 fires (Farnes 1998)
and that peak flows may have been higher, but peak discharge data do not
support the latter conclusion. Also, runoff appears to have returned to normal
for the snowfall amounts within a decade after the fires. Snow accumulation
may play a more important role in riparian vegetation structure through protec-
tion of riparian shrubs as pointed out by Singer (1996). Not only does deep
snow accumulation around riparian woody plants reduce browsing use, it also
may prevent use of higher-elevation riparian vegetation by ungulates. Con-
versely deep snow can cause greater use of riparian vegetation by browsers
if herbaceous plants are buried and woody stems are the only forage exposed.
This is especially true when a thaw-freeze cycle creates an impenetrable ice
layer over herbaceous vegetation. The present condition of riparian vegetation
in the northern range may be caused by heavy utilization when it is one of the
few sources of forage in deep snow years or years with significant thaw-
freeze events.

FIGURE 3-2 Annual discharge volumes (thousands of acre-feet per year) at Corwin
Springs on the Yellowstone River a few miles downstream from Gardiner, MT. USGS
gage 06191500.
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Stream Discharge (Hydrographs)

Streams often recharge adjacent groundwater, although in some cases
groundwater movement may be toward the stream rather than away from it.
Consequently, reduction in stream flows combined with reduced groundwater
movement from uplands when the precipitation is below normal may reduce
groundwater availability to riparian vegetation. However, the USGS daily
historical hydrological data for rivers flowing from the northern range (e.g.,
Yellowstone at Corwin Springs) do not indicate any unusual reduction or in-
crease in stream flows over the past century beyond normal variation. Conse-
quently, surface hydrological changes do not appear to be sufficient to have
directly affected riparian availability of groundwater, although if some streams
incised their channels during the past several decades, that could have lowered
the surface flow enough to lower the alluvial water table to levels that could
stress riparian vegetation.

Spring floods can scour channel margins and, through overbank flows,
scour and flood the adjacent floodplain to produce suitable sites for recruit-
ment. High spring flows that could enhance recruitment of riparian plants may
occur only every 5 or 10 years, resulting in spaced age-classes of the woody
riparian species, which is especially evident in large woody species such as
cottonwood. The lack of evidence of regular recruitment events in the north-
ern range indicates that perhaps there have been fewer spring flood events
during the past few decades. However, USGS peak flow data for rivers
coming from the northern range watershed show periodic high or flood flows,
sufficiently high to produce a recruitment event and probably high enough to
have seedling establishment above either ice scour or smaller scouring flood
events. Therefore, the lack of periodic recruitment by riparian plants in the
northern range cannot be attributed to absence of flood events.

Groundwater (Alluvial Water Table): Streams, Seeps, and Beavers

Groundwatermonitoringdata obtained by the committee show that ground-
water in the floodplains, where most of the riparian vegetation in the northern
range occurs, has not changed sufficiently in the past several decades to cause
stress on riparian vegetation. Data from one well north of Gardiner showed
water table decline in the 1980s (YNP 1997), but the 1980s were a dry decade
and domestic use of groundwater in the area of the well probably increased as
well. Groundwater monitoring wells within the northern range are needed if

Copyright © National Academy of Sciences. All rights reserved.

Ecological Dynamics on Yellowstone's Northern Range��� 
http://www.nap.edu/catalog/10328.html

http://www.nap.edu/catalog/10328.html


Present Conditions: Vegetation 75

seasonal and annual fluctuations in groundwater levels are to be determined.
The existence of riparian vegetation, especially willow, along most of the

rivers and on the floodplains in the northern range indicates that the water table
is still high enough to maintain these communities. The occurrence of seeps
and springs is additional evidence that the water table is near enough to the
surface to maintain riparian vegetation. Groundwater change appears to have
been an important factor in those few areas where riparian vegetation once
occurred but is no longer present because the beaver ponds were abandoned.

Stem xylem water potential can indicate water stress in woody plants.
Measurements of xylem water potential of short (browsing suppressed) and
tall stature willows near exclosures showed water potential averages of!1.17
± 0.68 and !2.4 ± 0.85 bars, respectively. Comparisons between short and
intermediate stature willows were !1.71 ± 0.68 and !2.86 ± 1.35 bars, re-
spectively (Singer et al. 1994). Thus, tall and intermediate willows with greater
canopies had greater water stress than short willows, but these values are
much less than wilting-point values (i.e.,!15 bars) for mesic plants. Loss of
willows during the 1988 drought period may be partly explained by water stress
(Singer et al. 1994) but may be better explained by possible water table de-
clines and warm, dry winds that occurred during that period.

Beavers, whose activity currently helps maintain riparian vegetation along
many streams in the GYE, are currently rare or absent in most of Yellow-
stone’s northern range. The reasons for beaver decline and the consequences
for willows have recently been controversial (YNP 1997; Singer et al. 1998,
2000; Keigley 2000). An early theory attributed beaver decline to reductions
due to ungulate browsing of woody plants (willow and aspen), which are bea-
ver food and buildingmaterial (Bailey1930, Wright and Thompson 1935, Jonas
1955). In the absence of beavers, water tables in areas elevated by beaver
dams may decline so that riparian vegetation cannot survive. Singer et al.
(1998, 2000) argued that this process is exemplified by the healthy stands of
willow at Willow Meadows (a location in the transition zone from winter to
summer northern range use) that occur on a broad floodplain where the water
table is less than a meter deep are maintained by beavers.

Geomorphology: Stream Banks and Channels

Many of the streams in the northern range on the broader floodplains now
produce braided channels where formerly they produced single or multiple
meandering channels (Meyer et al. 1995). The braided channels are dynamic
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and have moved considerably over the past several decades (Mowry 1998).
Changes in the width of Soda Butte Creek measured when it was full to the
banks near the upper edge of the winter range were related to hydrological
history and perhaps vegetation cover (Mowry 1998). Locations with tall wil-
lows and little winter ungulate use remained stable (i.e., no statistically signifi-
cant changes) during a relatively constant hydrological period from 1954 to
1987, whereas channels with grass-covered banks and reaches with little
willow bank stability narrowed over that time. That demonstrates, for these
sections of Soda Butte Creek upstream of most wintering ungulates, that vigor-
ous woody riparian vegetation tends to maintain bank stability under most
hydrological conditions whereas non-woody banks tend to aggrade, a process
explained by Lyons et al. (2000) from research on Great Plains rivers.

However, the floods of spring 1996 (one of two back-to-back hun-
dred-year floods on the Yellowstone River and its tributaries) altered the wil-
low-stabilized banks more than banks stabilized by grass or low willows. That
happened because woody riparian species (e.g., willows) stabilize banks only
to a flood-discharge threshold, beyond which shear stress scours and uproots
the plants, so that banks collapse (e.g., Stromberg et al. 1997). Stream banks
that are stabilized only by vegetation that offer low resistance to flowing water
(e.g., grasses and low willows), may withstand high-velocity floods better than
banks with woody plants. Also, if one high-flood year is followed by another,
as was the case in 1996 and 1997 in Yellowstone, the instability created by the
first year may allow the subsequent flood to alter the channel morphologymore
than it would if it had occurred alone. For example, the 1997 hundred-year
flood on the main stem of the upper Yellowstone River downstream from
YNP removed many hectares of mature cottonwood trees that had been made
unstable by the 1996 flood (committee observation).

The sandy deposits in several of the rivers of the northern range, primarily
the Lamar River, are thought by some observers to be a product of increased
erosion along the river channels (R. Beschta, Oregon State University, com-
ments to committee, 1999) and high sediment supply from steep erodible ter-
rain and tributary streams (Rosgen 1993). Rosgen suggested that poor riparian
conditions due to excess browsing cause unstable channel conditions and
increased sediments in the Lamar River valley. In addition, Chadde and Kay
(1991) claimed that the Lamar River valley channels have incised, perhaps as
much as several meters, because of heavy ungulate use. If incision has oc-
curred, the shallow riparian water table needed to sustain riparian communities
and vigorous growth response to browsing will not be maintained. For exam-
ple, willows growing along an apparent water table gradient away from the
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Gallatin river have decreased growth and recovery to browsing with distance
from the river (Patten 1968).

Floodplains with shallower alluvial deposits, or steeper low-elevation val-
leys, tend to have bedrock conditions nearer the surface that prevent decline
of the water table even if stream flows are reduced. In such places, willow
vigor is maintained even when browsing occurs.

Ungulate Use

Several studies have assessed the response of willows to protection from
browsing (Kay 1990, 1994; Chadde and Kay 1991; Singer et al. 1994, 1998).
Some of these studies have used measurements that show that frequency and
occurrence of willows inside and outside exclosures do not differ significantly
(YNP 1997). These measurements count the number of individuals present,
regardless of their size or vigor. Therefore they cannot detect changes in size,
cover, or productivity—key vegetation components. Other studies have mea-
sured willow cover (Kay 1990, 1994; Singer et al. 1994; Singer 1996), which
is a better metric for determining shrub vigor because it measures actual areal
cover of the canopy. Singer (1996) showed that, during the three decades
after construction of upland exclosures, total canopy areas for several species
of willow inside the exclosure were 200% to 600% greater than those outside.
Also, annual biomass production was 5 to 10 times greater inside the exclosure
than outside (Kay 1994, Kay and Chadde 1992). During the period between
measurements of willow canopy cover in the 1950s and 1960s and measure-
ments in the 1980s, cover increased many fold inside and hardly changed
outside exclosures (Kay 1994). Data from exclosures showed that only wil-
lows protected from browsing reproduced (Kay 1994). No seed-producing
catkins were found outside, but they averaged over 300,000 per m2 inside.
Ungulate browsingalso removes pollen-producing catkins. Near Geode Creek,
no catkins were found on willows below the browse height, but many were
found above the browse height (Kay 1994). This reduction in reproduction of
willows in the northern range may account for the reduction in willow pollen
in recent lake sediments (Barnosky et al. 1988).

Although exclosure studies show that browsing has a dramatic effect on
willows, exclosures represent the extreme of no browsing—rare in ecosystems
that have browsers, as YNP does. Thus, the best way to determine how
ungulate populations within and outside YNPcause changes in willow commu-
nities is to compare natural willow communities inside and outside YNPbut still
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within the northern range. Unfortunately, this type of study has only been done
for aspen (Kay 1990), although several recent publications comparing early
and recent park photos show that tall-willow communities have declined in the
northern range (Kay 1990, YNP 1997, Keigley and Wagner 1998, Meagher
and Houston 1998). Explanations for the differences between early and recent
photos include excessive browsingby ungulates (Kay 1990, Keigley and Wag-
ner 1998) and climate change, especially during the 1930s drought (YNP 1997,
Meagher and Houston 1998). Groundwater conditions, which have not been
measured in any of the studies of ungulate utilization of riparian shrubs, should
be measured at all sites.

The lack of cottonwood recruitment may be due to ungulate browsing.
When ungulate numbers were reduced in the northern range in the 1950s and
1960s, cottonwoods were temporarily “released,” put on new shoots, and grew
taller than during the preceding or following decades (Keigley 1998).

Concentrations of defensive or secondary chemicals in riparian vegetation
may influence the magnitude of ungulate use. Several studies were designed
to determine whether low-stature willows have lower concentrations of defen-
sive chemicals and thus are more palatable and more heavily used by herbi-
vores than taller willows (Singer et al. 1994). Extremely short stature is not a
natural condition for most willows. Consequently, very short shrubs must be
a result of browsing. A controversy has developed about whether the level
and composition of certain secondary chemicals is a result of short stature or
a response to browsing. This controversy has resulted in a series of commen-
tary papers following Singer et al. (1994) (Singer and Cates 1995, Wagner et
al. 1995).

Studies on secondary chemicals in willows generally show that low-eleva-
tion, short willows tend not to produce the concentrations of defensive second-
ary chemicals (e.g., tannins) found in higher-elevation and tall willows. This
supports the argument that the tall willows have greater defenses against
ungulate browsing and thus remain tall because ungulates avoid them. How-
ever, many of the tall willow communities are at higher elevations where snow
cover or other conditions prevent heavy winter ungulate use. Thus, tall willows
occur in areas with few wintering elk. Also short willows might not produce
as high a concentration of secondary chemicals as tall willows because growth
after browsing, the only type of shoot these short willows produce, tends not
to produce as many of these chemicals. One question that is not answered in
the many studies dealing with secondary chemical defense is whether the
concentrations of secondary chemicals found in tall-stature willows are suffi-
cient to prevent browsing even by ungulates that are starving. Starving ungu-
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lates will eat almost any woody plant that is available if other food such as
grass and forbs are buried and unavailable. Browsed highlines on lodgepole
pine, a low-quality food, are an example of this type of ungulate use. The
evidence that lower levels of defensive chemicals increases utilization of wil-
lows or other riparian shrubs by browsers is insufficient to explain the decline
in stature or loss of willows and riparian vegetation in the northern range during
this century.

Conclusions

During the first six decades of the twentieth century the NPS was con-
cerned that ungulates were reducing the riparian communities; however, since
then, factors other than ungulate browsing, such as climate change, have been
hypothesized to explain the loss or reduction in stature of the riparian communi-
ties of the northern range (Houston 1982, YNP 1997). The committee con-
cludes that some riparian losses may be due to changed hydrological conditions
in addition to responses of vegetation to ungulate use. Flooding events and
water tables are still suitable for recruitment of the dominant riparian vegeta-
tion. However, channel incision might have lowered the water table, reducing
the ability of willows to recover from browsing. The increase in ungulate
browsing over the past century, as evidenced by hedged willows and lost
willow stands throughout lower elevations of the northern range, has caused
most of the reduced willow cover and lowered willow reproduction this area.
Ungulate use also appears to be the primary factor preventing cottonwoods
from recruiting, because seedlings do appear on good seedbed sites along the
rivers of the northern range after appropriate hydrological events, but they fail
to survive.

WETLAND VEGETATION OF THE NORTHERN RANGE

Wetlands are a prime source of biodiversity in YNP (Elliot and Hektner
2000). Several types of wetlands, such as natural depressions, beaver dam
wetlands, thermal wetlands, and wetlands along rivers and creeks (i.e., riparian
wetlands), are found on the northern range. Chadde et al. (1988) defined 62
wetland communities in the northern range. These included wetlands domi-
nated by trees (e.g., spruce [Picea] and aspen), willows, shrubs (e.g., cinque-
foil [Potentilla fruticosa] and silver sagebrush [Artemisia cana]), and gram-
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inoids (e.g., grasses and sedges). Most wetlands in YNP have been mapped
under the U.S. Fish and Wildlife Service’s National Wetlands Inventory map-
ping program. Although wetlands are important across YNP, they are hardly
mentioned in the park’s documents on the northern range (YNP 1997) or in a
vegetation description of YNP (Despain 1990).

There have been limited studies of wetlands in the northern range. Hous-
ton (1982) sampled five highly productive wetland meadow sites with humic
soil types dominated by sedges. Relatively few species were sampled (1 to 13
species on the five sampled sites). The sites were dominated by sedges and
rushes and graded to species characteristic of mesic grasslands.

One wetland type was identified as tufted hairgrass-sedge type, described
by Mueggler and Stewart (1980). This habitat type dominated by Deschamp-
sia caespitosa, is found on high-elevation valley bottoms between 2,000 and
3,000 m (Mueggler and Stewart 1980). The soils are deep and poorly drained,
with water standing on the soil surface at least part of the growing season. D.
caespitosa is the dominant grass but sedges (Carex spp.) are always present.
Other grasses include Danthonia intermedia, Phleum alpinum, and Agrostis
and Juncus spp. Forb species present include Potentilla gracilis, Polygonum
bistortoides, and Antennaria corymbosa. This is a highly productive habitat
type with annual production reaching 2,900 kg/ha.

Other wetlands were on alkaline soils formerly dominated by alkali grass
and meadows cut for hay, now dominated by introduced timothy grass. All
wetland communities receive substantial winter grazing by elk and especially
bison, a species that may consume large quantities of sedges.

Brichta (1987) studied 21 of the 62 northern-range wetland community
types defined by Chadde et al. (1988). He also measured soil types, surface-
soil saturation status, and groundwater depth and chemistry. Of the 180 plots
studied, 24 mostly were aspen or willow stands in exclosures that excluded
herbivores. Depth of soil organic horizon was highly variable, ranging from
less than 5 cm for about half of the study plots to more than 60 cm for many
sedge-dominated sites.

Community types with abundant sedges had saturated soils all summer.
Types with aspen, as well as some graminoid communities, were saturated for
part of the summer; community types with spruce, and cinquefoil, as well as
other graminoid-dominated communities, were dry most of the summer.

Water tables were variable among study sites. For example, mean depth
of water below soil surface was more than 100 cm for spruce wetlands around
100 cm for aspen wetlands, about 20 to 40 cm for willow wetlands and as low
as 100 cm, from 40 to 100 cm for cinquefoil wetlands, and for graminoid wet-
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lands from near surface to below 100 cm. Many water tables remained steady
throughout the summer; others dropped from near surface to below 100 cm.
Several sites with declining water tables were near glacial ponds. Water
chemistry was also variable with most pHs near or slightly below neutral.
Water chemistry differences did not appear to influence plant diversity, but
availabilityof shallow water through the growing season did. Wetland commu-
nity types typically changed across moisture gradients.

All of the aspen wetlands and some willow sites studied by Brichta (1987)
were within exclosures. At the Junction Butte exclosure, a Salix geyeriana/
Deschampsia cespitosa community was inside the exclosure, but a Potentilla
fruticosa/Deschampsia cespitosa community was immediately outside it.
Brichta concluded that “the influences of grazing and succession upon wetland
community type distribution should be further studied. Water regimes and soils
were similar for paired plots on either side of the exclosures, therefore differ-
ences in soils and water levels could not account for the marked difference in
vegetation that existed inside and adjacent to exclosures.” Brichta’s study was
during a dry period that eventually resulted in the 1988 fires. Perhaps water
tables would have been higher and more sites would have had saturated soils
throughout the summer had the study been done during wet years.

Only four species of amphibians are known with certainty to occur in YNP
now: boreal toad (Bufo boreas), tiger salamander (Ambystoma tigrinum),
boreal chorus frog (Pseudacris maculata), and Columbia spotted frog (Rana
luteiventris). Two other species have been reported but not verified in recent
times. The population sizes of the boreal toad have declined significantly,
those of the spotted frog less so, and the chorus frog and tiger salamander
appear to vary within normal limits. Wetlands are critical habitat for amphibi-
ans, which are often considered indicator species of environmental health (e.g.,
EPA 1998 StarGrant: Environmental Factors That Influence Amphibian Com-
munity Structure and Health as Indicators of Ecosystems). Habitat changes
resulting from the interplay between vegetation, hydrology, elk, and beaver
could influence available wetland habitat for amphibians, but none of the de-
creases is clearly related to the known direct or indirect effects of elk popula-
tion size or feeding.

Conclusions

Hydrological changes in the northern range are the most likely cause of
changes in wetland communities, although evidence from exclosures indicates
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that hydrological factors do not account for the differences between plant
communities inside and outside of exclosures. Lowering water tables from
stream incision and loss of beaver ponds may reduce wetland habitat. There
may be drying of wetland depressions but there are no long-term data on
shallow groundwater levels in northern range locations where drying may be
occurring to explain changes in these depressions. Some of the depressions
may also be filling in, reducing the amount of area available for wetland spe-
cies (committee observation, Yellowstone National Park northern range, June
1999). Wetlands in the northern range that support herbaceous vegetation may
be grazed, but use of these areas probably is not as detrimental to their long-
term sustainability as potential changes in groundwater availability. However,
wetlands dominated by woody plants appear to be significantly degraded by
browsing.
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Present Conditions:  Animals

POPULATION DYNAMICS OF
NORTHERN RANGE UNGULATES

YELLOWSTONE’S NORTHERN RANGE supports a rich community of native
ungulates. Ungulates in the park were subject to market hunting until the
1880s, and the park’s wildlife was not seriously protected until the U.S. Army
was assigned administration of the park in 1886 (YNP 1997). By this time,
most ungulate populations had been greatly reduced. The Army (and later
NPS) managed and protected the resident ungulates and diligently controlled
predators, which resulted in greatly reduced populations of coyotes, bears, and
mountain lions, and the extirpation of wolves from Yellowstone National Park
(YNP). YNP adopted a policy of “natural regulation” in 1968, which led to
increased populations of elk and bison. Throughout the twentieth century,
management of ungulates has been controversial and great concern has been
expressed by the public and park officials about the “correct” management
objectives and the actions needed to achieve them.

Density Dependence and Natural Regulation

The concept of density-dependent regulation of population sizes has fig-
ured prominently in the controversy over management of elk and bison in YNP
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(Houston 1982, YNP 1997). For a population to be regulated by density-de-
pendent factors, some combination of the following processes must operate.
As population density increases, mortality and emigration rates increase and
the rate of reproduction decreases. Increases in mortality can result from
depletion of food supplies because individuals find it increasingly difficult to
obtain adequate nutrition. Diseases, whose transmission is facilitated by high
population densities, and predators also can increase mortality (Sinclair 1989,
Royama 1992, Begon et al. 1996). Rates of reproduction may decrease be-
cause females cannot obtain enough food to support high rates of pregnancy
and because offspring may be born at lower weights and less appropriate times
than when food supplies are good. These rates may change gradually with
population density, or there may be thresholds at which major changes occur
(Fowler 1987; McCullough 1990, 1992).

The combination of these processes tends to cause population densities to
decline when they are high and to increase when they are low. However, this
does not guarantee that population densities will stabilize or reach some equilib-
rium because changes in rainfall, snow accumulation, fires, and other abiotic
events may cause large fluctuations in the capacity of the landscape to support
the population (Soether et al. 1997). In other words, because the environmen-
tal conditions in the landscape may vary considerably, the magnitude of varia-
tion in the density of a population by itself cannot be used to assess the impor-
tance of density-dependent factors in regulating the size of a population. Most
populations of larger herbivores are subject to a combination of stochastic and
density-dependent processes that lead to large variation in rates of juvenile
survival and subsequent changes in population growth rates (McCullough 1990,
Sinclair and Arcese 1995, Soether 1997, Gaillard et al. 1998).

The conceptual basis of density-dependent population regulation is simple,
and there are many examples of ungulate populations in which fecundity de-
clines or mortality increases as population density increases. However, no
single statistical method identifying density dependence has emerged, despite
vigorous discussion (Strong1986, Pollard et al 1987, Turchin 1990, Dennis and
Taper 1994, Soether 1997, White and Bartmann 1997, Shenk et al. 1998,
Bjornstad et al. 1999). Many unharvested ungulates are regulated, at some
point, by density dependence (McCullough 1979, Sinclair 1979, Fowler 1981,
Gaillard et al. 1998), but populations are always subject to a multitude of fac-
tors and it can be difficult to distinguish the effects of density from those of
other influences. The best evidence for density dependence comes from direct
measures of changes in population processes such as mortality, fecundity, and
migration (Shenk et al. 1998).
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Elk

The intense public debate since the 1920s over management of the north-
ern range elk population has stimulated numerous studies of the Yellowstone
elk population (Barmore 1980; Houston 1982; Chase 1986; Merrill and Boyce
1991; Coughenour and Singer 1996a; Singer et al. 1997, 1998). Nevertheless,
reliable data on population size and distribution exist for only the past several
decades, and population size estimates in published reports differ (e.g., com-
pare Houston [1982] with Lemke et al. [1998]). Elk are highly mobile. In mild
winters, they are widely dispersed and make extensive use of forested habi-
tats where they are difficult to count; aerial counts during harsh winters, when
elk move to lower elevations, are therefore more reliable than counts during
mild winters. Hunting also alters distribution and the number of animals in the
population. Aerial surveys of elk initiated in 1956 marked the beginning of
reasonably reliable estimates of elk in YNP (Houston 1982). Comparisons of
population estimates are confounded by changes in survey technique, differ-
ences in the time of survey (e.g., before or after harvest), and vagaries of
weather that influence animal movements and visibility.

Harvest and Movement

Historical records of northern range elk illustrate the dominant influence
of intense management before 1968 and the effects of management and natu-
ral processes since 1968 (Figure 4-1). Public concerns about overgrazing of
the northern range resulted in herd reduction by the park at rates that kept the
elk population relatively low and stable from the 1920s until 1968 (Houston
1982). After 1967, when elk harvest stopped, the elk population increased
(Figure 4-1). From 1968 through 1975, hunter harvests outside the park from
the northern herd dropped from about 1,500 elk per year to fewer than 200
(Houston 1982).

The winter late hunt north of YNP resumed in 1967 amid concerns that
disturbances due to hunting would inhibit movements of elk from YNP to the
historical winter range north of park boundaries. Until the severe winter of
1988, relatively few elk were observed north of Dome Mountain (approxi-
mately 16 km north of YNP) (Lemke et al. 1998). The northern range elk
population, which had expanded to about 20,000 animals, responded to heavy
snows in the winter of 1988-1989 by moving to a lower-elevation winter range
en masse. More than 3,000 elk were observed in the area of Dome Mountain,
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FIGURE 4-1 Elk population counts and harvest of northern range elk. Vertical bars
show the number of elk harvested. Filled circles are counts from aerial surveys; cross-
es are ground counts. Sources: YNP 1997, Lemke et al. 1998, Lemke 1999.

a substantial proportion of the 7,000 to 8,000 elk that migrated north out of
YNP that year (Figure 4-2) (Lemke et al. 1998). This event marked a major
change, or restoration, in behavior of northern range elk. A significant propor-
tion of the population has consistently migrated to the area of Dome Mountain
in subsequent years. From 1975 to 1988, an average of about 200 elk per year
wintered north of Dome Mountain; the average increased to about 2,800 per
year from 1989 to 2001 (Lemke et al. 1998; Lemke 1999; T. Lemke, Montana
Fish, Wildlife and Parks, personal communication, 2001). From 1989 to 1999,
an average of 5,600 elk (range, 1,533 to 8,626) wintered outside the northern
border of the park, including the area of Dome Mountain (Lemke et al. 1998;
Lemke, personal communication, 2001). The many elk wintering outside YNP
boundaries are using an expanded winter range. Houston (1982) estimated
that during the 1970s the elk winter range consisted of 109,000 ha (as mea-
sured by Lemke et al. [1998]), whereas current winter distribution typically
includes around 153,000 ha of winter range, an increase of 41% (Lemke et al.
1998). Most of the increase in winter range is outside YNP, where the area
utilized increased from 22,000 to 53,000 ha, including 9,200 ha north of Dome
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FIGURE 4-2 Number of elk counted north of Dome Mountain, Montana. Sources:
Lemke et al. 1998, Lemke 1999.

Mountain. In response to the apparent need for a lower-elevation winter
range, Montana Fish, Wildlife and Parks and the Rocky Mountain Elk Founda-
tion collaboratively acquired 3,500 ha of key winter range on Dome Mountain
(Lemke et al. 1998). Grazing by domestic livestock was discontinued on this
land to provide an enhanced supply of winter forage for wildlife (Lemke et al.
1998).

Regulation of Elk Populations

The northern range elk herd is strongly influenced by both density-depend-
ent and density-independent factors. Mortality of juveniles varies widely from
year to yearand is positivelycorrelated with population density (Barmore 1980,
Houston 1982, Merrill and Boyce 1991, Coughenour and Singer 1996a, Singer
et al. 1997, Taper and Gogan 2002). Increased juvenile mortality rates at high
elk densities are caused by grizzly bears, black bears, and coyotes (Singer et
al. 1997), and, recently, wolves (Smith et al. 1999a). As elk density increases,
pregnancy rates (Houston 1982) decline, and a larger proportion of elk calves
are born later and at a lower birth weight. These calves survive less well
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1SWE is the sum of snow water equivalent (inches) measured at Lupine Creek,
YNP (elevation 2,249 m) and Crevice Mountain, YNP (elevation 2,560 m). SWE data
from Farnes (1996) and Farnes et al. (1999).

(Singer et al. 1993), which reduces the rate of population growth (Houston
1982, Merrill and Boyce 1991, Coughenour and Singer 1996a, Singer et al.
1997, NRC 1998). Together, these factors produce a negative correlation
between population growth and population size (NRC 1998, Taper and Gogan
2002), a clear indication of density dependence.

Weather has also had a major influence on the current migratory pattern
of northern range elk. Deep snow restricts the area available for feeding by
ungulates, and their response is to seek better foraging conditions at lower
elevations (Coughenour and Singer 1996b). One result of the large migration
of elk in response to the severe winter of 1988 was that some elk learned the
landscape and continued to leave the park with greater frequency after 1989
(Figure 4-2). Elk migrations out of YNP were clearly influenced by weather.
The size of the migration out of YNP is correlated with snow water equivalent
(SWE),1 a rough measure of snow depth (NRC 1998). With more recent data
(1989 to 1999), the correlation between the number of elk migrating from the
northern range and SWE remains significant (Y =!2579.1 + 380.8; r2 = 0.41,
p = 0 .03). Similarly, the number of elk killed in the late Gardiner hunt from
1976 to 1999 is correlated with SWE (Y = !333.3 + 71.5; r2 = 0.54, p =
0.012). Neither the number of elk leaving YNP nor the take from the Gardiner
hunt was correlated with population size (p > 0.3). Although regression equa-
tions suggest that no elk will leave the park when SWE is less than 5 or 7
inches (12.7 to 17.8 cm), the lowest SWE recorded since 1949 was 10 inches
(25.4 cm). Therefore, elk are likely to migrate from YNP in even the mildest
of winters.

The postulated effects of severe winter weather on elk have been corrob-
orated bysimulation modeling. Landscape-scale simulations of northern range
elk identified winter severity as the primary cause of major mortality events
(Turner et al. 1994b, Coughenour and Singer 1996b, Wu et al. 1996). Thus,
one of the most important factors determining variation in elk population size
is one over which managers have no control.

The current pattern of winter use of Dome Mountain may be influenced
byartificial feeding. In 1989, Montana Fish, Wildlife and Parks leased agricul-
tural property on Dome Mountain that was used to produce alfalfa. The lease
stipulated that only the first cutting of hay would be removed; all subsequent
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2Lease for area designated as Dome Mountain Wildlife Management Area, 1997.

growth would be left as winter forage for wildlife. From 1992 through 1996,
an estimated 209 tons of hay per year was produced on this property (Montana
Fish, Wildlife and Parks 1997 lease2), a desirable resource within easy reach
of northern range elk. Although severe weather may have initially motivated
elk movements out of YNP, the existence of high-quality and abundant forage
has likely encouraged them to return to the area. A change in the relationship
between SWE and elk north of Dome Mountain in winter is apparent from a
comparison of data before and after 1989 (Figure 4-3).

A key issue surrounding the natural regulation policy is the size around
which the population will fluctuate and the impact of those populations on the
northern range. In the absence of wolves, recent estimates of the largest elk
populations the winter range can support range from 16,000 to 22,000 animals
(Coughenour and Singer 1996a, NRC 1998, Taper and Gogan 2002), a large
increase from the early estimates of 5,000 to 11,000 elk (Grimm 1938, 1939;
Cooper 1963; Cole 1969). The increases resulted from a better understanding
of elk dynamics and from a large increase in the area of available winter range
(Lemke et al. 1998). Because only a fraction of the total maximum population
is actually observed, these estimates translate to a total population of 20,000
to 22,000 elk that could be supported under the environmental conditions of the
past few decades.

Natural Variation in Elk Population Size

Wildlife managers typically prescribe actions that reduce variation in popu-
lation size or resources. Management of northern range elk has been no dif-
ferent, and observed population fluctuations would likely have been greater in
the absence of annual herd reductions, acquisition of winter range, and provi-
sion of supplemental forage. Annual harvests prevented elk from attaining
high densities that could have exacerbated intraspecific competition, led to
more severe nutritional deprivation and adversely affected the range.
DelGiudice et al. (1991) found that, during the relatively mild winter of 1987,
elk on the northern range showed signs of hunger by midwinter. Nutritional
deprivation was significantly associated with declines in cow/calf ratios. Dur-
ing the harsh winter of 1988, winter mortality of elk was severe, and NPS
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FIGURE 4-3 Number of elk counted north of Dome Mountain, Montana, as a function
of SWE. Open circles are data from 1969 to 1988; filled circles are data from 1989 to
1999. Sources: Farnes et al. 1999, Lemke et al. 1998, Lemke 1999.

estimated that more than 4,000 elk died (Singer et al. 1989). Mortality during
the 1988-1989 winter may have been increased by the previous summer’s
drought combined with the large elk population, although a similarly severe
winter die-off was reported in 1919 (reviewed by Houston 1982) and less
severe die-offs occurred in 1974 and 1996 (YNP 1997; T. Lemke, Montana
Fish, Wildlife and Parks, personal communication, January 18, 2000). Large
mortalityevents maybe relativelycommon among mammals, and theirperiodic
occurrence is expected for Yellowstone’s ungulates (Young 1994, Erb and
Boyce 1999).

Potential Impact of Wolves on Elk

Reintroduction of wolves to YNP in 1995 marked the restoration of the
primary predator in the system. Wolves are probably a keystone species (i.e.,
a species that influences community structure out of proportion to their num-
bers) (Paine 1966) in the northern range and their activities could touch virtu-
ally every aspect of northern range ecology. Wolves regulate herbivore popu-
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lations in other systems, with consequent effects on landscape and ecosystem
processes (McLaren and Peterson 1994, Messier 1994, NRC 1997).

The ability of wolves to regulate Yellowstone’s elk population depends on
how wolves’ consumption of prey changes with prey availability and whether
the elk killed by wolves would have died from other causes anyway. Most
predators increase their consumption of prey as food becomes more available,
thereby reducing the population growth rate of the prey and stabilizing popula-
tion fluctuations. However, all predators exhibit satiation at some point, and
if wolves become satiated when elk are highlyabundant, then wolves are likely
to have a destabilizing effect, exacerbating population fluctuations caused by
severe winters or other factors. An additional, critical consideration is whether
wolves kill animals that otherwise would not have died. If wolves kill animals
that otherwise would have died from old age or starvation, they add little to the
rate of mortality.

Data necessary to develop detailed models of wolf-elk dynamics are un-
available, but simple models have been constructed to evaluate the likely range
of effects of wolves on elk, and to a lesser extent, on the northern range eco-
system. Based on early models of wolf-elk dynamics, we could reasonably
expect wolves to reduce the elk population by 5-20% (Boyce and Gaillard
1992, Mack and Singer 1993). So far, only Boyce and Anderson’s (1999)
model includes stochastic variation due to predator behavior and vegetation
dynamics. Boyce and Anderson’s (1999) model was intentionally simplistic in
an effort to make the results interpretable, so their results are most useful for
identifying qualitative trends in system responses. Boyce and Anderson com-
pared effects of variation introduced at the bottom (vegetation) or top (preda-
tor functional response) of the system. When stochasticity was introduced by
varying vegetation production, 95% of the variance in herbivore numbers was
explained by vegetation alone. For this model, only 28% of the variance in
population dynamics was explained by the number of predators. When varia-
tion entered the system at the top, via variation in the functional response of
wolves, vegetation and predators alone accounted for 21% and 75% of the
variation in herbivore numbers, respectively. These results identify a key
problem for future research on interaction of wolves and herbivores: the
source of variation in the system can have a profound effect on evaluation of
the relative role of regulating factors.

Weather has had a very large impact on dynamics of elk in Yellowstone,
and wolves are unlikely to change this. On the other hand, a bad year for elk
is likely to be a good year for wolves; therefore, variation in elk-wolf dynamics
will almost certainly result from variation due to both changes in forage pro-
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duction and in predation by wolves. Severe weather per se is unlikely to have
any direct effect on wolves, but severe weather may make it easier for wolves
to kill elk, thereby driving greater variation in prey populations (Post et al.
1999).

Bison

Management of bison in and around YNP also has been controversial, but
for different reasons. Bison in YNP are infected with the bacterium Brucella
abortus, the causative agent of brucellosis (Meagher and Meyer 1994), a
disease that causes abortion in cattle and is of significant economic and politi-
cal interest to the livestock industry. Efforts to prevent transmission of brucel-
losis from free-ranging bison to nearby cattle have resulted in the slaughter of
more than 2,000 bison on the boundaries of YNP, which has created a public
outcry. The Yellowstone herd is the only free-ranging bison herd that avoided
extermination in the late 1800s, and for many people, bison are a symbol of the
American West. Americans continue to care passionately about management
of Yellowstone’s bison. A recent draft management plan (NPS 1998) evoked
more than 60,000 written comments from the public.

Bison were widely distributed in North America before YNP was created
in 1872, but by 1900, only about two dozen free-roaming bison survived in
YNP (Meagher 1973). Bison taxonomy remains controversial, but according
to Reynolds et al. (1982) and Meagher (1973) plains bison (Bison bison
bison) inhabited North America east of the Rocky Mountains; the wood or
mountain bison (Bison bison athabascae) lived in grasslands in mountain
valleys, parks, and northern boreal woodlands and tundra (Reynolds et al.
1982). Yellowstone’s remnant bison herd consisted of mountain bison. Park
management of wildlife in the early 1900s involved supplemental feeding in
winter, protection of bison within enclosures, and culling of weak individuals
(Meagher 1973). Bison from domestic herds were transported to YNP to
supplement the size of the tiny herd of wild bison, but many of those domestic
animals were plains bison. The total number of bison in YNP in 1902 was 44
(Figure 4-4) (YNP 1997). With protection and intensive management, the
bison population increased to more than 1,000 animals by the mid-1920s.
Harvests were initiated then and conducted most years to keep the bison
population at about 1,500 animals until the 1960s. By 1968 the population was
400 (Figure 4-4), after which harvest was stopped (Meagher 1973). In the
absence of harvest after 1968, the bison population rapidly and consistently
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FIGURE 4-4 Total bison count (filled circles) and removals (vertical bars) in Yellow-
stone National Park. Sources: Dobson and Meagher 1996, YNP 1997, Taper et al. 2000.

increased until the severe winterof 1988, bywhich time about3,000 bison lived
in YNP. Concerns over transmission of brucellosis from bison to domestic
cattle had heightened by 1988, and more than 500 bison were slaughtered as
they migrated out of YNP seeking suitable winter range. In the winter of
1996-1997, which had deep snows, more than 1,000 bison were slaughtered
when they migrated outside the park.

Bison are gregarious and naturally live in nomadic herds. As the bison
population in YNP expanded, bison eventually formed more or less discrete
herds. Through 1968, when there were about 400 bison in YNP, bison formed
three winter herd subunits and two summer breeding populations (Meagher
1973). Major wintering areas were the northern range, central YNP (Hayden
Valley/Mary Mountain), and the Madison/Firehole area in western YNP.

Natural Regulation of YNP Bison

Does the YNPbison population exhibit densitydependence, and if so, how
many bison is the park likely to support? Relevant data are available for only
two periods of protracted growth of the YNP bison population. The first was
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from 1902 to 1931, when the population grew from fewer than 100 to more
than 1,000 animals (Figure 4-4). Analyses of this period are complicated by
management actions, which included fencing, artificial feeding, and castration
of male calves (Meagher 1973). From 1931 to 1967 the size of the bison
population was controlled by intense culling. The second period of protracted
growthwas from1968 to 1994, which ended with the killingof more than2,000
bison between 1994 and 1998. Bison in YNP were never allowed to achieve
a population that appears to be in equilibrium, dynamic or otherwise. The
analysis of bison population dynamics is further complicated by the nomadic
and migratory habits of bison. Given the opportunity, bison travel long dis-
tances, and movements of up to 240 km were reported in a northern population
(Soper 1941). Hornaday(1889, inReynolds et al. 1982) documented migratory
bison movements of several hundred miles. In YNP, bison clearly responded
to increasedpopulationdensitybymovingto new areas, both inside and outside
park boundaries (Meagher 1989, NRC 1998, Taper et al. 2000). These traits
complicate predictions of bison behavior in the Yellowstone ecosystem and
suggest that management to restrict bison to park lands will need to be intense.

Given the tendency for bison to expand into new areas as population den-
sity increases, identifying density-dependent processes is difficult. Neverthe-
less, if the bisonpopulationexhibited densitydependence, its per capita growth
rate would diminish as density increases. From 1969 to 1981, the population
grew at a more consistent and higher rate than after 1981 (Figure 4-5). Was
the diminished growth rate after 1981 solely the result of park herd reductions,
or is it an indication of density dependence?

The NRC (1998) examined this question, first focusingon growth of YNP
bison from 1972 to 1995, a period with few artificial removals of bison. Over
this period, the average annual increment to the populationwas 145 individuals
(NRC 1998), which suggests a continuous decline in per capita reproduction
throughout the range of population sizes. This would be a rather unusual pat-
tern of density dependence for an ungulate population (McCullough 1990).
The NRC (1998) suggested that this pattern was most likely to arise where
female dominance strongly influenced calf survival or where there were few
good habitats in which females successfully raised calves.

An alternative interpretation is that since 1968 the bison population has
experienced two distinct growth phases. The first phase, from 1968 to 1981,
was characterized by rapid and consistent growth rates. The second phase,
from 1982 to 1999, has been characterized by high variance in growth rates,
density-dependent effects on dispersion and movement, and a much more
prominent effect of weather. Most data support this interpretation.
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FIGURE 4-5 Growth rate (corrected for removals) of Yellowstone bison. Sources:
YNP 1997; Taper et al. 2000; P. Gogan, Montana State University, personal communica-
tion, May 12, 1999.

If suitable habitat for bison in Yellowstone was relativelyabundant before
1982 and limited thereafter, annual per capita recruitment and growth rates
should differ between these periods. Per capita growth rates can be estimated
from the annual increment to the population, corrected for harvest. The cor-
rected annual increment to the population is the difference in population size
between years, with harvest added back (Nt+1 ! Nt + Ht). The average cor-
rected increment does not differ between the two periods (160 vs. 162 bison),
but there is a huge difference in variance between the two periods (Figure 4-
6). Mean SWE was similar during 1982 to 1999 and 1969 to 1981 (19.9 vs.
22.3 inches [50.55 vs. 56.64 cm]), as was the number of above-average snow
years (SWE > 21 inches [53.34 cm]; 8 vs. 7 years). Although this single index
of winter severity fails to incorporate many important factors, SWE has thus
far been the best predictor of bison movements. It reveals no differences in
weather between the two periods, but growth rates were different. Overall,
corrected annual growth rate was lower from 1982 to 1999 than from 1968 to
1981 (6% vs. 16%; p < 0.01), and the coefficient of variation was greater
(0.20 vs. 0.47).

These analyses are subject to the usual uncertainties about population
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FIGURE 4-6 Annual increment in the YNP bison population corrected for harvest
(corrected increment) as a function of population size. Sources: YNP 1997; Taper et
al. 2000; P. Gogan, Montana State University, personal communication, May 12, 1999.

estimates, but the trends are too strong to be ignored. They suggest that the
Yellowstone bison grows at a constant per capita recruitment until a threshold
size is reached, at which point density-dependent factors become important
and growth rate, on average, declines (Stubbs 1977, Fowler1987, McCullough
1990). Such a model suggests that competition has little influence on popula-
tion processes until resources are largely depleted. For bison this makes
sense. Intake rate is an asymptotic function of forage availability (Hudson and
Frank1987, Gross et al. 1993), thus competition is unlikely to influence survival
until forage availability is reduced below a threshold level. Reduced survival
of calves is most likely to be the first indication of intraspecific competition
(Soether 1997, Gaillard et al. 1998), and there is good evidence that this occurs
at higher population levels (reviewed by NRC [1998]).

Because weather is highlyvariable in Yellowstone and influences survival
and recruitment, growth of the bison herd is subject to both density-dependent
and density-independent influences. At low densities, bison have access to
adequate forage in all but the most extreme winters, and their growth rate is
stable and high. At high densities, overwinter mortality may be high because
good habitat is fullyoccupied and some proportion of the population is forced
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into poor habitat, significantly reducinggrowth rates. As density increases, the
importance of bothdensity-dependent (e.g., competition)anddensity-independ-
ent factors (i.e., weather) increases. Both factors contribute to stabilizing the
population, but weather tends to add noise to the system and prevent the bison
population from stabilizing.

It follows that Yellowstone bison were relativelyunconstrained byhabitat
qualitybefore about 1980. The density of bison in YNP during that period was
relatively low, and bison had high and consistent rates of growth (Figure 4-4).
Similarly, during the same period the Yellowstone elkpopulationhad rapid and
consistent growth (Figure 4-1). By about 1980, bison appear to have reached
a density where most habitat was fully occupied and, in a typical year, winter
habitat was limiting. Bison responded byseekingbetter habitat, and mortality
became density dependent. Data on bison movements are consistent with this
hypothesis. Meagher (1989) noted that year-round use of the Blacktail area
began in 1980 and that the winter of 1982 marked the beginning of annual use
by bison of the area from Mammoth to Gardiner.

Other investigators have also concluded that Yellowstone bison have
shown signs of density-dependence limitation. Taper et al. (2000) evaluated
the most extensive set of bison observations made by Meagher from spring
1970 to fall 1997. The data came from surveys from more than 160 flights
during which the location and size of more than 20,000 bison groups were
recorded. Bison used the smallest area during rut and the largest area during
winter. As population size and density increased, there was a large increase
in the area used by bison during winter, from about 200 km2 in 1970 to more
than 600 km2 in the 1990s. If intraspecific competition were an important
factor regulating the size of the bison population, growth rate would be ex-
pected to decline as population size increased, after accounting for the effects
of area. Taper et al. (2000) thus examined changes in growth rate as a func-
tion of density by adjusting for the area actually used by bison in winter. As
density increased, growth rate declined (p < 0.05), although the predictive
value of the regression was very low (r2 = 0.29) and much of the variation in
growth rate is not explained by density alone. This suggests that density-inde-
pendent factors, such as severe weather, were strongly influencing rates of
recruitment or mortality.

Taper et al. (2000) estimated the number of bison that YNP might support
on a sustained basis. To do so, they determined the area used by bison during
winter within YNP (the season when bison are most dispersed) and the density
of bison at which the annual growth rate was zero (recruitment = mortality).
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These calculations led to an estimated population of about 3,200 bison. Taper
et al. (2000) carefully stated that this estimate was a crude approximation and
should be used onlywith great caution. The estimate assumed bison would not
leave YNP (i.e., would not migrate as a response to increased density), and
it implicitly included the effects of recent management actions that may have
modified bison behavior, suchas wintergroomingof roads and control of bison
movements at park borders.

The first response of bison to increased density is to expand the area used,
especially during winter. Therefore, one would expect bison to frequently
migrate to other areas outside park boundaries. Taper et al. (2000) accounted
for this behavior byestimating the densityat which bisonare unlikely toexpand
their range beyond park boundaries. That density was approximated by the
populationof bison in1984, whenmanagementactions began to remove signifi-
cant numbers of bison at park borders. Bison used about 675 km2 of winter
range at a population size of about 2,800, which may be the population size at
which bison might remain inside YNP without management intervention.

Taper et al. (2000) invoked a rather complicated process to arrive at the
estimate of 2,800 bison, but other lines of evidence yield estimates that are
nearly the same. The NRC (1998) examined the number of bison removed by
harvest at park boundaries as a function of population size. In general, bison
begin regularly leaving park boundaries when the population exceeds about
2,500 animals; when the population was more than 3,000, the number of bison
leavingYNP was highly related to SWE (NRC 1998). Finally, the bison popu-
lation numbered about 2,400 animals in 1981, which seems to be a pivotal year
in terms of its growth and movement. Taken independently, each of these
lines of evidence is weak, but taken together, theyprovide a consistent picture
of the response of bison to increasing density within YNP.

Brucellosis

Because of the importance of brucellosis, much attention and controversy
has been directed at the disease (NRC 1998). Brucellosis is endemic in bison
and elk herds in YNP. In elk (Thorne et al. 1997) and bison (Williams et al.
1997)brucellosis typicallycauses abortion of the first pregnancyafter infection
in most infected females. Epididymitis and orchitis may occur in bison bulls
(Williams et al. 1993, Rhyan et al. 1997).

Population consequences of brucellosis on elk and bison on the northern
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range are not specifically known. Loss of 7% to 12% of the calf crop has
been estimated for elk in the Jackson elk herd, where brucellosis is endemic
(Herriges et al. 1989, Smith and Robbins 1994). Nevertheless, elk and bison
herds infected by B. abortus increase at about the same rates as herds with-
out the disease (Peterson et al. 1991, Dobson and Meagher 1996, Williams et
al. 1997, NRC 1998), because the effects of brucellosis have been overshad-
owed by density-dependent factors and climatic effects such as severe win-
ters. Although it is unlikely to be important on the northern range, transmission
of brucellosis from elk to bison is suspected to have occurred on the National
Elk Refuge (NER) in Jackson Hole, Wyoming(Petersen et al. 1991, Williams
et al. 1993, NRC 1998).

Elk on native winter ranges do not appear to maintain brucellosis (Morton
et al. 1981, Thorne and Herriges 1992, Toman et al. 1997). Brucellosis was
probably present in transplant stock moved from the NER to historical ranges,
but with one possible exception (Robbins et al. 1982; E.T. Thorne, personal
communication, 2001), it was not maintained.

Population density is important forunderstanding the dynamics of brucello-
sis in elk and bison and the likelihood that it will be maintained. At one end of
the density spectrum is the situation on the NER and various state feedgrounds
where elk are concentrated over artificial feed during the winter and early
spring (Boyce 1989, Smith et al. 1997, Toman et al. 1997), when abortions due
to brucellosis occur. In severe and even during normal winters, elk are essen-
tially confined to feedgrounds because of limited native winter range or be-
cause deep snows preclude them from leaving. Because animals stand body-
to-body while eating, a birthing or abortion event of an infected elk could ex-
pose large numbers of animals to B. abortus. The threshold density of elk
required for brucellosis to be maintained within the northern range elk popula-
tion is not known.

Management of brucellosis will remain a contentious issue, because no
management alternative can simultaneously meet YNP’s goal of minimizing
interference byhumans and the livestock industry’s goalof brucellosis eradica-
tion. Management actions that might eventually eradicate brucellosis are
limited to test and slaughter programs and vaccination, but the absence of a
highly efficacious vaccine and a way to easily administer a vaccine to free-
roaming wildlife are major difficulties. Risk management includes temporal
and spatial separation of wild ungulates and livestock and vaccination of near-
by cattle (Montana Department of Livestock and Montana Fish, Wildlife and
Parks 2000).
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Current management of brucellosis in YNP bison relies on the establish-
ment of three management zones and a combination of hazing, test, and
slaughter; vaccination when a safe vaccine has been approved for use; and
acceptance of some free-ranging seronegative bison outside the park (Mon-
tana Department of Livestock and Montana Fish, Wildlife and Parks 2000).
The primary purpose of this management plan is to reduce the risk of transmis-
sion of brucellosis to nearby cattle by removing the source of infection. The
second purpose is to provide negative reinforcement to bison that leave YNP,
thereby reducing future risk by diminishing the likelihood that bison will con-
tinue to leave YNP. Simulation results consistently show that test and slaugh-
ter procedures alone will not reduce the prevalence of brucellosis in bison
(Gross et al. 1998).

Other Ungulates

Populations of mule deer, white-tailed deer, pronghorn, bighorn sheep,
mountain goats, and moose inhabit the northern range. Because all these spe-
cies are present in the park in small numbers, the natural regulation policy has
not affected them directly. However, the status of pronghorn is sufficiently
tenuous that they deserve special attention, regardless of the management of
other species.

Mule Deer

Mule deer (Odocoileus hemionus hemionus) are the third most abundant
ungulate on the northern range. Mule deer populations appear to have fluctu-
ated on the northern range from perhaps fewer than 200 to more than 2,500
individuals in the past 95 years (Barmore 1980). Different counting techniques
throughout this period make it difficult to track the population fluctuations with
much accuracy. However, it appears that the population both inside and out-
side the park boundaryon the northern range mayhave grown to 1,000 individ-
uals by 1911 and oscillated near that number until 1987, when the population
increased to more than 2,000.

Singer and Renkin (1995) report that minimum mule deer density in lower
elevations during the period 1965 to 1968 averaged 4 deer per km2. By the
late 1980s, minimum deer density averaged 2 per km2. Interestingly, Singer
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and Renkin’s data (1995) donot indicate a correlation between minimum mule
deerpopulationdensityandminimumelkpopulationdensity. Minimumaverage
elk density increased from 6 per km2 to 16 to 19 per km2 during the same time
period. In contrast, YNP (1997) indicates that mule deer increased during the
1980s simultaneouslywith increases in the elk population. SingerandNorland
(1994) report that mule deer populations increased from approximately1,000
to 2,200 individuals between 1979 and 1988. Northern range data suggest that
the population fluctuated between 1,600 and 2,500 individuals from 1987 to
1999 (Gogan et al. 1999). The population is currently declining and will con-
tinue to decline as long as adult female survival is less than 85%, winter sur-
vival of fawns is less than 45%, and early winter fawn/100 doe ratios are less
than 66. Lemke (1999) reports, however, that segments of the population
(e.g., Region 3, east of the Yellowstone River) have increased in the past year.

Approximately 70% of the mule deer in the Gardner Basin migrate out of
the park during the winter. The remaining 30% move to winter ranges within
the park boundaries at lowerelevations (YNP1997). Some individuals migrate
80 km to their winter range (Wallmo 1978).

Mule deer overlap in habitat use with bison and elk, but they overlap little
in theirdiets (Hudsonet al. 1976, McCullough1980, Singer and Norland 1994).
Estimates of percent shrub, determined bymicrohistological analyses of feces
collected on the northern range during the mid-1980s, show that almost 50%
of the mule deer diet is composed of shrubs. Elk and bison diets, in contrast,
are only 4.1% and 1.6% shrubs, respectively (Singer and Renkin 1995).

Park policy and harvest decisions made in southern Montana are likely to
affect mule deer if their population begins to expand. The current levels of
harvest and lack of growth suggest that either the harvest is additive (i.e., the
animals harvested would not have died otherwise) or that density-dependent
factors are becomingstrongenough to limit their population growth. Fawn/doe
ratios did not decline when populations increased, but ratios have not increased
while the population has decreased. This suggests that density-dependent
factors are not currently influencing this population. As with other mule deer
populations in the Rockies, winter severity, a density-independent factor, prob-
ably plays the most important role in determining population fluctuations.

White-Tailed Deer

White-tailed deer have never been abundant in YNP even though theyare
native to the northern Rocky Mountains. They were apparently abundant in
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the 1800s in the region around the park, but populations declineduntil the early
1900s because of overexploitation and habitat change due to forest fires, se-
vere winters (Pengelly 1961, Allen 1971), and heavy browsing of their winter
habitat by elk (Murie 1951). Population fluctuations occur, but historical ac-
counts in the Greater Yellowstone ecosystem (GYE) suggest that white-tailed
deer have always occurred in low numbers except in the presence of agricul-
ture, and are an “occasional inhabitant” of the northern range (YNP 1997).

White-tailed deer have long been known to exhibit density-dependent
population regulation (McCullough 1979). In the YNP region, adult females
produce 1.8 to 2.0 fetuses per year, whereas yearling does are less fecund,
producing1.2 to 1.33 fetuses per year. Survivorship of fawns is less than 60%
but may be slightly higher in lower elevations and riparian areas. Adult fe-
males generally have a survival rate of 65% and a mean life expectancy of 4.2
years. The small population on the northern range suggests that park policy
will have little to no effect on white-tailed deer.

Pronghorn

If historical records are accurate, the current population of about 250
pronghorn in the northern range is less than 15% of that in the early 1900s
(YNP 1997) (Figure 4-7). Regardless of early population estimates, Yellow-
stone’s pronghorn population is small, isolated, andat severe riskof extirpation
(Goodman 1996, YNP 1997, Lemke 1999). Furthermore, northern range
pronghorn are of special interest because their population maycontaina unique
genetic heritage (Lee et al. 1994).

Pronghorn in the northern range occur in lower elevations, primarilyalong
the Yellowstone River from Devil’s Slide, north of the park border, to areas
east of Tower Junction and up the Lamar Valley. Pronghorn are intolerant of
deep snow and their distribution in the northern range is restricted in winter to
lower windswept areas where food is exposed throughout the winter, particu-
larly sagebrush grassland (Barmore 1980). The area of pronghorn summer
range is considerably greater than suitable winter range, but about 75% of
northern range pronghorn are thought to reside in the same area throughout the
year, and only about 25% migrate seasonally to a higher-elevation summer
range (Caslick 1998).

Estimates of the number of pronghorn in the northern range were up to
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FIGURE 4-7 Pronghorn counts in the northern range. Open circles are estimated
population sizes and crosses are actual counts. Sources: YNP 1997, Lemke 1999.

“thousands” during early European settlement, although it appears likely that
no more than 1,000 to 1,500 pronghorn actually occupied the area near Gardi-
ner (YNP 1997) (Figure 4-7). The population probably remained at that level
until about 1910, after which estimates declined to as few as 200 in 1916
(YNP 1997). By the mid-1920s the pronghorn population recovered and re-
mained relatively stable at 600 to 1,000 animals until 1950. Harvest of 258
animals in 1951 reduced the population to 300 to 400, and it remained at that
level until 94 animals were harvested in 1966 (Chase 1986, YNP 1997). Sur-
veys the following year observed only188 pronghorn (YNP 1997). The harsh
winter of 1967 killed about 42% of the herd (Barmore 1980). With the adop-
tion of the policy of natural regulation, harvest of pronghorn within YNP was
abolished in 1968. However, the population did not recover from the 1966
harvest and, in fact, declined to 100 to 200 until the early 1980s. Apparently
favorable conditions during the 1980s, perhaps related to a series of mild win-
ters, permitted the population to increase to the maximum recent count of
nearly 600 in 1991. Over the past decade, the population has again declined,
and since 1995 aerial surveys have counted no more than 235 pronghorn (YNP
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1997, Lemke 1999). In spite of the small population, permits to hunt northern
Yellowstone pronghorn when outside the park have been issued continuously
since 1985.

Predation and winter nutrition are the factors most likely to restrict growth
of the Yellowstone pronghornpopulation. Pronghorn in North America gener-
ally occupy open prairie grasslands, which may contain a high proportion of
sagebrush (Artemisia spp.), often a major component of the pronghorn diet
(e.g., 78% by rumen analysis, 93% by “utilization”) (Bayless 1969). In Yel-
lowstone, the diet of pronghorn on their winter range is similar to the diets of
elk, bison, and deer, so these species may come into direct competition during
winter (Wambolt 1996). Overlap is less in the other seasons (Schwartz et al.
1977, Schwartz and Ellis 1981). In northeastern California and northwestern
Nevada, more than 90% of the winter diets of both deer and pronghorn con-
sisted of woody browse, including sagebrush species (Bayless 1969, Hanley
and Hanley 1982).

Pronghorn may be particularly sensitive to severe winter conditions or
competition because of their exceptionallyhigh reproductive effort (Byers and
Moodie 1990). Pronghorn at the National Bison Range in Montana always
produced twins, and the total mass of offspringaveraged 17% of the mother’s
body mass (Byers and Moodie 1990). The rate of twinning by Yellowstone
pronghorn is unknown, but pregnancy rates have been high (O’Gara 1968).
Nutritional deprivation during winter can cause resorption of one or both fe-
tuses (Barrett 1982) and lead to high overwinter mortality of fawns. Barrett
(1982) estimated fawn winter mortality at 53.3% during a severe winter in
Alberta. Similarly, severe winters resulted in adult mortality rates of 38%,
50%, and 62% in Saskatchewan, Alberta, and Montana, respectively (Pepper
and Quinn 1965, cited in Martinka 1967; Barrett 1982). During a severe win-
ter in Glasgow, Montana, ratios dropped from 90 to 110 per 100 does to 39 to
55 per 100 does at a sagebrush-poor site, whereas at a nearby site with abun-
dant sagebrush there was no such depression (Martinka 1967). Access to
prime winter feeding grounds can therefore be particularly critical for prong-
horn. In Yellowstone, this was formally recognized in 1932 with the addition
of 7,600 acres (3,077 ha) of winter range on the northern edge of the park “as
an antelope preserve” (Caslick 1998). The large decline in the pronghorn
populationbefore 1961“wouldprobablyhave occurredwithout artificial reduc-
tions due to the decline of big sagebrush (Artemisia tridentata) in the park
and, possibly, cessation of predator control in the park” (Barmore 1980). Big
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sagebrush is the dominant food item in the winter diet of northern range prong-
horn (Singer and Norland 1994).

Pronghorn are the smallest ungulate in YNP and thus they may be espe-
cially susceptible to smaller predators, such as coyotes and bobcats, which
have difficultycapturing larger ungulates (Byers 1997). Records from the past
40 years indicate that fawn survival rates in Yellowstone are only about 25%
(Barmore 1980, Caslick 1998). Caslick attributed most of the mortality to
predation, with coyotes, bobcats, and golden eagles accountingfor12%to90%
of fawn mortalities (Caslick 1998). Of the 10 fawns radiocollared in 1991,
eight were apparently killed by coyotes within 35 days (Scott 1991). Coyotes
are clearly important predators on fawns, and Bruns (1970) specificallynoted
that coyotes did not appear to preyselectivelyon wounded or aged animals but
fed on all age classes. Byers (1997) documented the extermination of prong-
horn on the National Bison Range as a result of predation by coyotes.

Several factors may have increased the density of predators in critical
pronghorn breeding areas. By 1998, reintroduced wolves were reported to
have killed 6 pronghorn (1 adult and 5 fawns) (Caslick 1998), and wolves may
have indirectly increased predation bycoyote bydisplacingcoyotes from areas
farther from human development to areas where pronghorn live. In addition,
late hunts for elk leaving YNP have created a source of abundant food for
predators during winter because successful hunters leave animal waste in the
field. Predators that consume hunters’ waste may switch to pronghorn in the
spring.

Bison management may also affect pronghorn because the Stephen’s
Creek bison facility, where bison are tested for brucellosis and then released
or slaughtered, was built in keywinter pronghorn range to hold bison that leave
the park. Caslick and Caslick (annual reports 1995 to 1999) conducted weekly
surveys for pronghorn during winter, recording locations where pronghorn
were observed and factors that might influence pronghorn behavior or distribu-
tion. They recorded the status of gates (open or closed), observations of
predators (coyotes, wolves, and domestic dogs), and disturbances such as
operation of the Stephen’s Creek bison facility or the presence of visitors in
pronghorn habitat. Pronghorn were never present in counting blocks contain-
ing the bison facility when it was in operation but were commonlyobserved in
those areas when the facility was unused. Visitors also influenced pronghorn
distributions, and pronghorn were much more likely to cross a fenceline via a
gate (50% of Scott’s 1992 observations) than they were to go under the wire
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or through buck and pole fences. Scott (1992) also noted that pronghorn were
turned away by 28% of fence encounters, whereas pronghorn were detained
within the structure of the fence 6% of the time. Because bison movements
out of YNP are related to winter snow (NRC 1998), the bison facility is more
likely to be used during winters with deep snow, a period when pronghorn are
also more likely to be stressed.

Human harvesting of YNP pronghorn has affected this population for
more than 50 years, generallycorrelating with declining population numbers.
More than 1,200 pronghorn were removed from the population between 1947
and 1968, a period when the herd declined from 625 to 200 animals. The
population continued to decline after hunting ceased and a minimum count of
103 occurred in 1974. By 1985, 365 pronghorn were observed duringpopula-
tion surveys, and repeated complaints from local ranchers led to the establish-
ment of a game damage hunt for pronghorn in 1985 (Lemke 1998). The hunt
was established by issuingpermits to harvest 25 pronghorn annually to control
perceived game damage to agricultural crops, but the area was also opened to
hunters with a multidistrict bow huntingpermit. Although the exact number of
pronghorn killed is unknown, estimates are that up to 51 pronghorn per year
were harvested from this area (Lemke 1999). In 1995, the number of damage
hunt licenses issued each year was reduced to 5, but 12 animals were taken
the following year (bow hunters took the balance). The population has again
declined to about 200 animals. Effective in fall 2000, Montana Fish, Wildlife
andParks restrictedhuntingof this pronghorn population to five annual damage
permits for an early season. Because few pronghorn use this area during
hunting season, the projected harvest is one to three animals per year (T.
Lemke, Montana Fish, Wildlife and Parks, personal communication, June 14,
2001).

The ability of the herd to recover from removals and hunting depends
largely on factors that affect the production and survivorship of fawns. Fawn
production depends on the abilityof female pronghorn to maintaingoodcondi-
tion, particularly during the winter, and this depends on the severity of the
winterand the availabilityof food. An increasingelk population is reducing the
availability of sagebrush, a keywinter forage for pronghorn. In addition, win-
ter use of YNP by people has dramatically increased, first because of snow-
mobilers and more recently because of wildlife watching, especially for
wolves. This pronghorn herd faces a serious risk of extinction. The risk could
be reduced by eliminating harvest, by increasing harvest of coyotes and bob-
cats, by restricting recreational access to critical winter range, by reducing
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disturbances within the winter range, and by management actions that result
in enhanced growth and vigor of sagebrush within winter range. Survival of
fawns begins with the condition of their dams but is most criticallydetermined
by predation pressure. Predators currently appear to be major contributors to
fawn mortality.

Moose

Moose inhabit riparian and forested areas from northern Colorado through
Alaska, where they typically feed onshrubbyplants, especiallywillows. Many
of the preferred foods of moose are early-successional plants; thus, distur-
bances such as fire and floods may be important for maintaining a suitable
habitat. In general, moose are not migratory, although summer and winter
ranges may differ in elevation. Moose are reputed to be the only ungulate in
YNP whose winter range is higher than its summer range. Moose tend to
spend most of the year as solitary animals or as female-offspring pairs
(Miquelle et al. 1992).

Although relatively little is known about the ecologyof moose that inhabit
the northern range, the population clearly is small. Recent surveys resulted in
estimates of about 200 animals, but the accuracy of the estimates is uncertain
(YNP 1997). There are currently no surveys for moose because of the diffi-
culty and expense associated with attempting to estimate the size of a widely
dispersed population that inhabits heavily forested and rugged terrain.

Yellowstone’s northern range probably contains relatively little suitable
habitat for moose. Tyers (1981) found that about half the forage consumed
by northern range moose consisted of subalpine fir and lodgepole pine, their
preferred winter forage. He found that most browsing took place in old for-
ests. Although moose are large, they are selective feeders that choose higher-
quality forage during summer and they prefer deciduous to conifer browse
(Belovsky 1981, Renecker and Hudson 1988, Shipley et al. 1998). In the
absence of predators, moose prefer summer riparian habitats with abundant
willow. These observations suggest that moose in the northern range are
surviving in marginal habitat and that the northern range is unlikely to support
a substantial moose population. The abundance of moose has probably de-
clined with the loss of willows.

Reintroduction of wolves is likely to affect moose, but because so little is
known about northern range moose, we are unlikely to be able to tell whether
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wolves have any effect on them. In other areas, moose populations have been
regulated by the combined effects of predation bywolves and bears (reviewed
by NRC 1997). Elk are likely to remain the primary prey of wolves, but the
existence of a high-density wolf population presents a high risk to moose,
especially calves.

Mountain Goats

Mountain goats were introduced by Montana Fish, Wildlife and Parks to
the Absaroka Mountains northeast of YNP; they are exotic to YNP (Laundre
1990). As the introduced population increased, it expanded and colonized
habitats on the border of YNP and, to a limited extent, within the park. Al-
thoughdiets of mountaingoat andbighorn sheep overlap substantially (Laundre
1994), these species tend to live in very different habitats in YNP (Varley
1994, 1996). Outside park boundaries, mountain goat populations are con-
trolled by hunting. The area of suitable habitat within the park is limited
(Laundre 1990). Mountain goats are a management concern because in some
habitats, especially in the absence of large predators, they have the potential
to increase very rapidly (Hayden 1989) and achieve densities that may result
in habitat degradation (Pfitsch et al. 1983), but this does not yet appear to have
occurred in YNP.

Bighorn Sheep

Historical accounts suggest that the bighorn sheep population on the north-
ern range was formerly much larger than in recent times (Schullery and
Whittlesey1992). The causes of the decline before 1981 are unknown but may
include disease transmission from domestic livestock or competitionwithother
ungulates. Although there is substantial diet overlap between elk and bighorn
sheep (Houston 1982, Singer and Norland 1994), the species tend to use differ-
ent habitats, and the extent of competition that might occur is unknown.

Small bighorn sheep populations can be highly susceptible to a variety of
diseases that can result in catastrophic population crashes (Bunch et al. 1999);
an epidemic of keratoconjunctivitis (pinkeye) occurred in the northern range
bighornpopulation in 1981. This event was associated with a major population
decline: bighorn counts declined from about 500 to fewer than 200 animals
(Figure 4-8). Small bighorn sheep populations may be highly susceptible to
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FIGURE 4-8 Bighorn sheep counts in the northern range. Filled circles are aerial
counts and crosses are ground counts. Note that estimates from the methods differ,
and the apparent large changes in population size are partly due to different survey
methods and area surveyed. Sources: YNP (1997) for details of surveys; data from
YNP (1997) and Lemke (1999).

regulationbypredation (Wehausen1996, Ross et al. 1997), and ongoingstudies
of mountain lions mayprovide a better indication of the relative importance of
factors that may control the bighorn sheep population.

MAJOR PREDATORS IN THE YELLOWSTONE ECOSYSTEM

Four large terrestrial carnivores prey on Yellowstone’s ungulates: grizzly
and black bears (Ursus arctos and U. americanus), mountain lions (Puma
concolor), and wolves (Canis lupus). Coyotes (Canis latrans), medium-
sized carnivores (Buskirk 1999), also prey on ungulates. Humans also kill
substantial numbers of ungulates and maybe considered a sixthmajor predator
in the GYE.

Large terrestrial carnivores have large home ranges and move long dis-
tances, often ignoringpolitical boundaries. For example, the range of Yellow-
stone’s grizzly bears “links most of the habitats, and associated species of the
GYE” (Clark et al. 1999), and mountain lions radiocollared in the northern
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GYE have dispersed to distant areas in Idaho, Wyoming, and Montana
(Murphy 1998). As with most other mammals (Greenwood 1980), young
males of these terrestrial carnivores typically disperse farther than females
(Craighead et al. 1999).

Large carnivores typically utilize a variety of habitat types, and although
they may specialize on particular species or sizes of prey, they consume a
variety of prey and other foods as the opportunity or need arises (Johnson and
Crabtree 1999). Bears eat primarily plant material, although Yellowstone’s
grizzlies consume relativelymore ungulates thanmostother grizzlypopulations
(Jonkel 1987, Mattson et al. 1991, Knight et al. 1999). Large carnivores and
their prey are intelligent and adaptable animals (Berger et al. 2001), which
makes their interactions complex.

Among the influences on populations of large carnivores are changes in
the abundance and relative abundance of different prey species; natural forces
such as fire and weather, which influence the abundance, distribution, and
availability of prey; human activities such as habitat alteration and hunting of
preypopulations; and changes in the abundance and behavior of other preyand
predators.

Large carnivores inhabited Yellowstone long before the first European
explorers arrived. Bones of wolves, coyotes, and grizzly bears were found in
various strata during excavations at Lamar Cave, whose strata extend back
about 3,000 years. Multiple Euro-American observers reported wolves, coy-
otes, grizzly and black bears, and mountain lions in the GYE before 1882
(Schullery and Whittlesey 1999).

Historical Human Impacts on Carnivore Populations

Predator eradication was a major goal in late nineteenth- and early
twentieth-century America. Predators were easily poisoned with strychnine-
laced carcasses, and by 1880, wolf, coyote, and mountain lion populations in
the GYE were greatly reduced (Schullery and Whittlesey 1999). When the
U.S. Cavalry arrived in 1886, predators were at first protected alongwith other
animals. However, to protect game species, poisoning of coyotes was re-
sumed in 1898, and in 1907 army personnel were directed to kill coyotes,
wolves, and mountain lions (Schullery and Whittlesey 1999). From 1904 to
1935, predator control in Yellowstone resulted in the killing of at least 4,352
coyotes, 136 wolves, and 121 mountain lions (SchulleryandWhittlesey1999).
However, by the 1930s, there was mounting opposition among ecologists and
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conservationists to predator control in national parks. In 1936, official park
policy changed to protect native predators, including coyotes, although park
managers couldstill kill individual predators deemed “harmful” (Schulleryand
Whittlesey 1999). However, wolves were effectively extinct in Yellowstone
by then (Smith et al. 1999b) and predator control probably had eradicated
mountain lions as well (Craighead et al. 1999).

Bears fared better than wolves and mountain lions. Bear populations were
probably reduced by widespread poisoning of ungulate carcasses and by re-
ductions in ungulate populations due to uncontrolled market hunting in the
1870s (Schullery and Whittlesey 1992). However, once they received army
protection in 1886, bears began to feed at garbage dumps near hotels, where
they soon became a popular tourist attraction (Schullery 1992, Knight et al.
1999).

YNP personnel supported and expanded the bear feeding program and
bears ultimately were fed at numerous garbage dumps as well as along road-
sides. Grizzlies dominated the dumps, although male black bears used them
when grizzlies were not present; female and subadult black bears tended to
beg for food from tourists on park roads (Knight et al. 1999). Large numbers
of bears became habituated to humans, and they injured people and damaged
property. These “problem” bears were then removed from the park. From
1930 to 1969, 46 people were injured by black bears, and an average of 24
black bears were removed from the park per year (Schullery 1992). Although
the viewing of bears feeding at dumps was immensely popular with tourists,
opposition to the practice grew and the park responded by closing the last
public-viewingarea at a dump duringWorld War II, although itdidnot actually
close the dumps until the late 1960s and early 1970s (Knight et al. 1999).
Closing the dumps led to very high grizzly bear mortality; 229 grizzly bears
were removed from the GYE between 1967 and 1972 as bears that previously
fed in dumps began to seek food in campgrounds and threatened human safety
(Knight et al. 1999). Black bears begging for food remained a common sight
along roads until the late 1960s. By 1975, park managers had effectively
eliminated this sightby improvingsanitation, enforcinga no-feedingpolicy, and
removing begging bears (Knight et al. 1999).

The states surrounding Yellowstone gradually reduced or prohibited hunt-
ing of grizzlybears, beginning with a prohibition by Idaho in 1946. However,
a complete moratorium on huntinggrizzlybears anywhere in the GYE was not
imposed until 1974. The GYE grizzly bear was listed as threatened under the
Endangered Species Act in 1975 (Knight et al. 1999).
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Current Population Dynamics of Large Carnivores

Grizzly Bears

Yellowstone's grizzly bears are the best-studied bears in the world, yet
their status and future prospects continue to be subjects of vigorous contro-
versy. Obtainingaccurate estimates of the size and dynamics of a grizzly bear
population is inherently difficult. Grizzlies are long-lived and females do not
reproduce until they are about 6 years old. Grizzly bears are not easily ob-
served as they are mostly solitaryand travel over large home ranges in remote,
mountainous, and largely forested country. There are additional logistical
difficulties in reachingmanyparts of the study area, recapturing animals, and
maintaining operative radiocollars on individual females to obtain long-term
reproductive data.

Grizzlybear research began in YNP in 1959. An interagencyGrizzlyBear
Team was established in the early 1970s. At first, park authorities added to
natural logistical difficulties byprohibiting radiocollaringof bears until 1975;
then they allowed only one or two bears per year to be collared (Knight et al.
1999). By 1982 there were enough data for researchers to conclude that adult
female mortality was high and that the reproductive rates were so low that the
population was declining at about 2% per year (Knight and Eberhardt 1985).
In 1983, an InteragencyGrizzlyBear Committee was formedandcharged with
devising management strategies to reverse the population decline. Agencies
began to manage habitat for grizzlies by eliminating sheep allotments within
grizzlyareas, increasingefforts to prevent illegal killingof bears, and changing
policies such as food storage, garbage disposal, and removal of problem bears
to minimize the need to legally kill bears (Knight et al. 1999).

Population analyses suggest that the Yellowstone grizzly bear population
was relatively stable from about 1959 to 1993, with periods of slight increase
or decrease (Eberhardt et al. 1994, Pease and Mattson 1999, Boyce et al.
2001). Pease and Mattson (1999) predicted a large (~15%) decline in the size
of the grizzlybear population from 1993 to 1996 because of widespread failure
of whitebark pine, a key food resource. Other models were less sensitive to
this factor and suggested a slight increase in the size of the grizzlybear popula-
tion over the same period. Counts of individual females with young cubs and
survival rates also indicated a positive trend in grizzlybear numbers (Knight et
al. 1999).

All recent estimates of the size of the Yellowstone grizzly bear population
are in the low hundreds (Craighead et al. 1999). These include an estimate of
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390 based on marked females; an estimate of 339 based on known families of
bears; a statistical (bootstrapped) estimate of 344 with a 90% confidence
interval of 280 to 610 bears (Eberhardt 1995); and an interagency review
committee estimate of at least 245 bears, of which 67 were adult females
(Eberhardt and Knight 1996).

The Yellowstone grizzly bear population is currently isolated from other
grizzly populations and is not large enough to avoid loss of genetic variation in
the short term (Harris and Allendorf 1989). The current genetic effective
population size is only 13 to 65 bears (Paetkau et al. 1998). The genetic effec-
tive population size of a wild population, which is generally much less than the
census size of the wild population, is defined as the size of a hypothetical popu-
lation that would have the same rate of decrease in genetic diversitybygenetic
drift (or increase in inbreeding) as the focal wild population (Hedrick 1983).
Loss of genetic diversity reduces population fitness and the probabilityof long-
term survival; thus YNP’s grizzly bears probablyneed more protected habitat
and dispersal corridors to preserve genetic diversity (Craighead et al. 1999).
The best habitat for possible future population expansion appears to be in
Wyoming. The greatest single threat to the population is increasing develop-
ment of private lands, which not only decreases habitat but also greatly in-
creases the potential for human-bear conflicts and consequent death of the
bears involved (Knight et al. 1999).

Grizzlybears require a diverse habitat with minimal human disturbance to
cope with climatic changes, alterations in the availability of different foods,
human impacts, and changes in the abundance of other wildlife populations.
Grizzlies can exploit marginal habitat to some degree but they require time to
learn new habitat-use patterns when conditions change (Jonkel 1987).

In Yellowstone, grizzlies feedonweakenedand winter-killedelk and bison
from March through May, and they kill newborn elk calves during May and
June (Singer et al. 1997, Knight et al. 1999). A few individual bears kill healthy
elkduring the summer, andbull elkbecome more susceptible during the fall rut.
Seeds of whitebark pine (Pinus albicaulis), currently threatened bywhite-pine
blister rust (Cronartium rubicola) in the GYE, are an important food for
Yellowstone's grizzlybears. About30%of the most productive whitebark pine
areas burned during the 1988 fires (Knight et al. 1999).

Black Bears

Very little is known about the numbers and population dynamics of Yel-
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lowstone’s blackbears; researchhas beendirected disproportionatelyat grizzly
bears. The population has probably decreased since dumps were closed and
feeding bears along roadsides was stopped. However, the only study of Yel-
lowstone’s black bears was conducted more than 30 years ago. Barnes and
Bray (1967) estimated a minimum densityof 0.07 bear per km2 in theirGallatin
Mountain studyarea. Estimates of black bear densities in other areas of North
America range from 0.1 to 1.3 bears per km2; however, densities are generally
lower at higher altitudes (i.e., YNP) because of the shorter foraging season
and poorer soils (Kolenoskyand Strathearn 1987). Cole (1976) estimated that
there were 650 black bears within YNP by extrapolating the Barnes and Bray
estimate over a larger area. Craighead et al. (1999) estimated that there are
currently fewer than 2,000 black bears in the GYE. The status of the popula-
tion is uncertain because of the lack of data, although the population is gener-
ally presumed to be stable. About 1,000 black bears are legally killed in Mon-
tana each year (Craighead et al. 1999).

The ecology of black bears is known from many studies in other areas
(Kolenosky and Strathearn 1987). Black bears are habitat and feeding gener-
alists (Johnson and Crabtree 1999). They are usually forest dwellers, and the
best black bear habitat is mixed forests that contain a variety of tree and shrub
species of different ages (Kolenosky and Strathearn 1987). Black bears in
Yellowstone typically prefer spruce-fir habitats and adjacent meadows but
were often observed in lodgepole-pine forests along roadsides during the era
of roadside feeding (Barnes and Bray 1967). Black bears are basically vege-
tarians and theirdiet appears tobe largelydetermined by local food availability.
Bears adapt to new sources of food and change their foraging habits accord-
ingly. Black bears can kill youngungulates, which are vulnerable for a 2 to 4-
week period after birth (Kolenoskyand Strathearn 1987), and also eat carrion
and insects. Killing young ungulates appears to be a learned behavior, and
once learned, may continue to be part of an individual’s foraging routine
(Kolenosky and Strathearn 1987). Carrion provided by cougars and other
predators may be a significant food source for black bears in Yellowstone
(Crabtree and Sheldon 1999a, Murphy et al. 1999).

Ecological conflicts exist between black and grizzly bears and may be
depressing populations of both species (Jonkel 1987). However, interactions
between Yellowstone’s black and grizzlybear populations have not been stud-
ied. Where both species coexist in Alaska, grizzlybears dominate black bears
(Miller et al. 1997). In interior Alaska, grizzlies are most commonlyassociated
with alpine tundra habitats, whereas black bears frequent forest and lowland
areas (Klein et al. 1998). In the absence of grizzly bears in northern Quebec,

Copyright © National Academy of Sciences. All rights reserved.

Ecological Dynamics on Yellowstone's Northern Range��� 
http://www.nap.edu/catalog/10328.html

http://www.nap.edu/catalog/10328.html


Present Conditions: Animals 115

black bears have moved into tundra habitats normally occupied by barren
ground grizzlies west of Hudson Bay (J. Huot, Faculty of Science and Genet-
ics, University of Laval, personal communication, January 18, 2001).

Mountain Lions

Mountain lions have excellent long-distance dispersal abilities (Murphyet
al. 1999). Youngmales have dispersed as far as 480 km from their natal home
range (Craighead et al. 1999). Presumably, these dispersal abilities enabled
mountain lions to recolonize YNP after theywere locally eradicated by preda-
tor control programs. The GYE mountain lion population ranges over some
2,200 ha of relatively contiguous habitat (Murphy et al. 1999). Craighead et
al. (1999) estimated that there are fewer than 500 adult mountain lions in the
GYE, but they gave no basis for this estimate. Because of their high female
survivorshipand fecundity (litters of up tosixkittens), mountain lionpopulations
are more resilient than those of some other large predators, such as bears
(Weaver et al. 1996).

Human-caused mortality is an important influence on most mountain lion
populations, including those in the GYE outside the boundaries of YNP
(Murphy et al. 1999). Most of this mortality is due to legal hunting: 48% of
mortalityamongadult and subadult radiocollaredmountain lions in the northern
Yellowstone ecosystem was due to hunting; another 48% was attributed to
natural causes (Murphy et al. 1999). Approximately 500 mountain lions were
killed byhunters in Montana in 1998 (Craighead et al. 1999). However, moun-
tain lion populations appear to have stabilized or even increased in many areas
of the northern Rockies, including in the northern range area (Craighead et al.
1999), despite hunting pressure (Murphy et al. 1999).

Mountain lions occupya wide range of habitats, although theyprefer areas
of steep and rugged topography (Lindzey 1987). Abundant cover is important
to them as it provides security from enemies, including other predators and
humans, and increases hunting success as mountain lions typically hide and
ambush their prey. Thus, the structural characteristics of the local vegetation
appear to be more important than the dominant plant species (Lindzey 1987).

Mountain lions are almost totally carnivorous and can kill all the YNP
ungulates except adult bison. The diet of mountain lions varies with the abun-
dance and availability of prey seasonally and geographically. Deer compose
a major portion of their diet in most areas, although mountain lions also kill
large numbers of small prey, such as snowshoe hares (Lepus americanus)
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when they are abundant (Lindzey 1987). In the northern GYE, elk calves are
a major source of food for mountain lions (Murphy 1998). However, because
there are relatively few mountain lions and they kill far fewer ungulates than
human hunters, Murphy (1998) concluded that they have little direct effect on
the size of the elk and deer populations. Mountain lions are responsible for
about 3% of the elk and 4% of the mule deer deaths in the northern GYE
(Murphy 1998). Mountain lions kill about 12% of the buck mule deer, 9% of
the elk calves, and 1% of the bull elk, but less than 5% of the other age-sex
classes of elk and deer.

Wolves

Wolves in the northern RockyMountains were listed as endangered under
the federal Endangered Species Act in 1974. Many scientists favored reintro-
duction over natural recolonization as a means of restoringwolves to the GYE.
However, because of extensive controversy, wolves were not reintroduced to
YNP until more than 20 years after they were listed as endangered (Bangs et
al. 1998). In 1995, 14 wolves in three packs captured in Alberta, Canada,
were introduced to YNP. In 1996, another 17 wolves in four packs captured
in British Columbia, Canada, were introduced to YNP. In 1997, 10 pups and
3 adults from a pack captured in northwestern Montana (because they were
chasing livestock) were released in the park (Bangs et al. 1998).

The wolves have thrived and are being extensively monitored. Ten packs
in 1997 and seven packs in 1998 produced pups; by fall 1998, the population
estimate was 116 wolves (Bangs et al. 1998). According to the Yellowstone
wolf project report for 1998 (Smith 1998), litter size in 1998 averaged 5.5 pups
and 81% of the 44 pups born survived to the end of 1998. Fifteen wolves died
in 1998: five pups, four yearlings, and six adults. About half this mortalitywas
due tonatural causes, includingwolves killed byother wolves, avalanches, and
elk. The remaining mortality was due to human activities, including wolves
killed by control actions, illegal shooting, and vehicles. Some assumptions
made before the initiation of the wolf reintroduction program have been vali-
dated (Smith et al. 1999b): no preexisting wolves were found in the GYE and
it was necessary to impose land-use restrictions around wolf dens. However,
wolves have killed more than the predicted 120 ungulates per year and fewer
than the predicted 19 cattle and 15 sheep per year. Many more visitors than
expected have seen wolves.

It was predicted that wolves would travel outside the experimental area of
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YNP and immediately adjacent neighboring GYE lands, but this had not oc-
curred through the end of 1998 (Smith et al. 1999b). Wolves regularlydisperse
long distances: male wolves disperse a mean of 85 km and a maximum of 917
km from their natal home ranges (Craighead et al. 1999). Some wolves had
dispersed out of the park as far south as the Jackson area (which is still part
of the primary wolf recoveryarea) (Smith 1998), but none had dispersed from
the area designated as the “Yellowstone Nonessential ExperimentalPopulation
Area,” which includes all of Wyoming, Montana as far north as the Missouri
River, and part of Idaho (Bangs et al. 1998).

Wolves in different geographical locations rely on different species of
prey. Wolves in North America prey largely on ungulates and beavers, but
also take other types of prey (Carbyn 1987). Elk have been the wolves’ major
prey in the GYE to date, which is not surprising given the abundance of elk.
However, the wolves are known to have killed every ungulate species present
except for bighorn sheep (Smith et al. 1999b). In 1998, wolf researchers found
109 definite and 121 probable wolf kills (Smith 1998). Eighty-six percent of
these kills were elk (198), followed by 3% each of mule deer (7), pronghorn
(6), and coyotes (7); 2% of bison (5); and 1% each of moose (3), wolves, and
unidentified prey. The age composition of the elk kill was 43% calves, 21%
cows, 19% bulls, and 16% unknown. Packs on the northern winter range
killed an average of one ungulate every two to three days during March and
one every three to four days during November and December.

Wolves can adjust to changingpreyabundance and vulnerability (Messier
1995), although in multiple prey systems they may be slow to change their
favored prey species (Dale et al. 1995). In some instances, wolves have
switched to different age classes as their proportion in the prey population
changed as a consequence of previous predation (Dekker et al. 1995) or win-
ters with deep snow (Mech et al. 1995). Wolves have also learned to kill new
types of prey (Klein 1995). However, it is difficult to predict how or when
there may be substantial changes in the prey taken by Yellowstone’s wolves.

The Yellowstone wolves have been returned to an ecosystem that existed
without them for much of the past century. Adjustment of the system to the
presence of wolves is likely to take many years, as the wolves and the other
components of the ecosystem adjust to one another (Klein 1995, Berger et al.
2001). Wolves will probably alter their patterns of prey selection, pack struc-
ture, movements, andpopulationdynamicsas the density, distribution, predation
avoidance behavior, and population structure of their prey species change. A
similar adjustment can be expected between wolves and other carnivores. A
return to relative stabilityof predator-preyrelationships within the Yellowstone
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ecosystem may take longer than the period that wolves were missing from the
system. Long-term monitoringof the predators and ungulates within the Yel-
lowstone ecosystem provides a unique opportunity to greatly expand knowl-
edge about interspecies relationships among upper trophic levels.

Coyotes

Coyotes are the smallest and most numerous of Yellowstone’s major
predators. Although they were the first of the park’s predators to be inten-
sively studied (Schullery and Whittlesey 1999), there was a longgap between
the publication of Adolph Murie's classic monographoncoyotes (1940)and the
modern era of coyote research. The latter began in 1989, six years before
wolves were reintroduced to the ecosystem (Crabtree and Sheldon 1999a).
Reintroduction of wolves was expected to have a negative effect on Yellow-
stone’s coyote populations, as larger species of canids tend to compete for
prey with, kill, and physically displace their smaller competitors.

Crabtree and Sheldon (1999a, 1999b) recently summarized data collected
during these new studies of the coyote on Yellowstone’s northern range.
Coyotes live in all GYE habitats below about 2,400 m except for very steep,
rocky areas and areas with deep snow. Crabtree and Sheldon (1999b) esti-
mated an average pre-wolf density of 0.45 adult coyote per km2 on the north-
ern range and densities from 0.1 to 0.4 coyote per km2 over much of the forest
habitat in the GYE. Higher densities, sometimes exceeding 1 coyote per km2,
occur in some of the more open grassland and shrub habitats. Craighead et al.
(1999) estimated that there are fewer than 3,000 adult coyotes in the GYE.

Yellowstone’s coyotes are protected from huntingand trappingand inhabit
an environment with good food resources. Crabtree and Sheldon (1999a,
1999b) argued that these factors explain many of the differences between
Yellowstone coyotes and those studied in other areas, including larger pack
size, greater social stability, higher adult survival rates (91% per year), higher
mean age of adults, and lower dispersal rates of juveniles.

Coyotes on the northern range have a social system similar to that of
wolves, living in territorial packs with an average size of six adults. However,
unlike wolves, members of coyote packs often travel alone. Coyote territories
are contiguous (no intervening spaces between them), nonoverlapping, and
average 10.1 km2. Territory boundaries in the Lamar Valley and the Blacktail
Plateau were very stable from 1990 through 1995, changing little from year to
year.
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Even though female coyotes become sexually mature around 10 months
of age, Yellowstone females do not breed until they are 2 to 5 years old. An
average of 5.4 pups are born per territory but an average of only 1.5 pups
survive to 1 year of age. Principal causes of pup mortality are disease and
starvation.

Coyotes feed primarily on voles and elk carcasses and the diet varies
seasonally (Murie 1940, Crabtree and Sheldon 1999b). Ungulates provide
about 45% of the coyotes’ annual biomass consumption, most of which is
consumed as carrion during the five winter months.

The reintroduction of wolves in 1995 had dramatic effects on the coyote
population (Crabtree and Sheldon 1999b). Wolves killed from 25% to 33% of
the coyote population during each of the 1996-1997 and 1997-1998 winters,
especially in the core areas used by wolves. Almost all these coyotes were
killed near the carcasses of elk killed bywolves. The coyote population in the
Lamar Valley dropped from 80 coyotes in 12 packs in 1995 to 36 coyotes in
9 packs in 1998 (Crabtree and Sheldon 1999b), and coyotes failed to recolonize
their traditional territories in core wolf areas.

However, coyotes are flexible and adaptable animals and have already
begun to travel in larger groups (Crabtree and Sheldon 1999b). Some of the
surviving coyote packs are smaller and are producing larger, healthier pups
with higher survival rates. Coyote packs on the fringes of wolf territories have
experienced little mortalityand are able to benefit from elk carcasses killed by
neighboring wolves.
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5

Conclusions and
Recommendations

NATURE IS DYNAMIC

A PERVASIVE THEME in this report is the dynamic nature of the northern
Yellowstone ecosystem. Over long periods, a changingclimate and major geo-
logical processes have resulted in dramatic restructuring of the landscape and
associated plant and animal communities. The Greater Yellowstone Ecosys-
tem (GYE) has experienced large-scale disturbances including fire, floods,
blow downs, ungulate and predator population fluctuations, and outbreaks of
diseases and insects that affect plants and animals. In addition, during the late
1800s, intense reduction of carnivores and ungulates diminished or eliminated
populations of key species. Furthermore, the northern range is part of a larger
system where human activities are steadily increasing. Thus, we probably
cannot ever manage Yellowstone National Park (YNP) to maintain some
agreed-upon stable condition, if that were to become a management objective.
We lack sufficient knowledge, resources, and capability to sustain anyenviron-
mental state through active management.

Given the ever-changing nature of the northern range on both temporal and
spatial scales, can we determine which of the changes we observe in ungulate
numbers and range, forest conditions, and riparian conditions are within the
bounds of natural variation and which, if any, are caused by human activities?
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To answer the question we must assess ecosystem resilience, resistance, and
stability. Is the system easily modified? Does it readily recover from pertur-
bation? Are there thresholds that result in major or irreversible changes in
processes, ecosystem conditions, or population numbers?

Theory and field studies have shown that some ecological systems change
abruptly from one relatively stable state to another. In these situations, simply
removing the factor or factors that caused change may not return the system
to its previous state. For example, sustained, heavy livestock grazing in arid
grasslands of the western United States, in the absence of fire, has led to
invasion and establishment of shrubs and trees (Archer 1994). Once trees
gained sufficient stature to capture much of the moisture supply, elimination of
grazing did not result in reestablishment of grassland (Glendening 1952). Such
a process is consistent with “state and transition” models and with the exis-
tence of multiple stable states (Allen-Diaz and Bartolome 1998). These con-
ceptual models help us to appreciate the complexity of ecosystem relationships
and processes and should be used to evaluate management of the northern
range. How do these concepts help us to evaluate changes in the GYE?
Many aspects of the northern range have been intensively studied, but it has
not been experimentally shown, for example, how large a reduction in the
consumption of aspen by ungulates would be required to permit their “recov-
ery.” Consequently we do not know whether changes in plant communities
during the 1900s indicate that a new state, characterized by fewer communities
dominated by willows and aspen, is likely to persist. Research outside the
park, however, does not support the hypothesis that a new state has become
established (Kay 1990). To evaluate whether the northern range is approach-
ing a threshold, beyond which willow and aspen communities will be unable to
reestablish themselves, we must have some idea of the range of natural varia-
tion (Landres et al. 1999). Are changes on the northern range within limits to
be expected since Europeans arrived? How important are rare events? The
“natural” interval between large fires is thought to be on the order of 200 to
300 years—can we realistically expect to manage such events? Despite
claims to the contrary, we found no evidence that the northern range is ap-
proaching a threshold after which we would observe irreversible changes, such
as loss of local reproductive potential of key plant species (e.g., sagebrush or
aspen), that would not have occurred if the park actively controlled ungulates.
This finding results, in part, because much of the evidence of dramatic changes
comes from communities that are successional or the result of disturbance
(e.g., aspen and riparian communities) (Houston 1982). However, changes in
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sagebrush cover and grassland composition, vegetation types that are neither
successional nor the result of disturbance, have also occurred.

In view of the profound changes that have occurred around the GYE, it is
no longer possible to have an ecosystem that is identical to the natural state
that existed there before European settlement—that is, containing about the
same numbers and distributions of all the species of plants and animals. YNP
still has all the species present there 150 years ago, but many of the large
mammals can no longer respond to change as they used to—through migration
or dispersal (Wambolt and Sherwood 1999). No aspect of the ecosystem can
be considered “natural” in that sense. The question is whether the ecosystem
appears to be headed for some state that is very different from any previous
state that we know about in the past few thousand years. We do not think it
is. Vegetation changes observed in the past 130 years or so appear to have
been influenced more by ungulate browsing than by climate change.

MANAGEMENT FOR ECOSYSTEM STATE
OR ECOSYSTEM PROCESS?

Natural resource managers typically try to reduce variation around some
desirable ecosystem state. For wildlife managers, a desirable state usually is
defined by a consistent harvest of the target species, stable vegetation commu-
nities, and a small loss of the target animals to severe weather. Restoration
ecologists, on the other hand, try to achieve desired ecosystem dynamics by
reducing or eliminating human perturbations and restoring natural ecosystem
processes and the ecosystem components that drive these processes. Given
the inherently dynamic state of most ecosystems, Boyce (1991, 1998) and
others have suggested that a more appropriate management goal for YNP is
to follow the “restoration” approach and maintain or restore ecological pro-
cesses rather than try to maintain a particular ecological state. Management
for processes would include maintaining or restoring the spatial and temporal
variation that characterizes the natural ecosystem. Holling and Meffe (1996)
persuasively argued that maintenance of natural variation is critical to the
functioning of ecosystems and runs counter to most traditional management
prescriptions. Because Yellowstone is influenced by periodic major events,
both natural and human caused, it is probably impossible to maintain a particu-
lar state by active intervention. For example, the fires of 1988 resulted in
substantial changes in the mosaic of vegetation communities, but these changes
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appear to be an integral component of the system and within the bounds of
disturbances that periodically occurred in YNP (Romme and Despain 1989).
Also, 1996 and 1997 floods throughout the GYE altered riparian communities
and triggered new riparian recruitment, as expected from low-frequency, high-
magnitude hydrological events (Skidmore et al. 1999).

If natural processes in YNP are to be managed or restored, we must
change our focus from an emphasis on specific outcomes (the presence or
absence of a species or state) to an emphasis on rates and variation. Ecologi-
cal processes include production of crowd-pleasing cohorts of elk and bison
calves in spring, but theyalso include the interrelationships between all species,
including competition, predation, winter starvation, and changes in vegetation
communities. Because ecological processes are dynamic, ecological communi-
ties change in time and space, with or without human intervention.

The need to understand and permit the full range of ecological processes
is emphasized by interactions between disparate elements of the northern
range. Frank et al. (1998) compared the grassy rangeland of the northern
range to the Serengeti ecosystem in Kenya and Tanzania, an area that sup-
ports a higher diversity of large herbivores than the northern range. Nonethe-
less, herbivores have a key role in altering the transformation of materials in
the functioning of both systems. Nutrient turnover rates are high in herbivore-
dominated systems (includingYellowstone), and these grassland systems have
rapid cycling of nutrients driven by high harvesting rates by herbivores. Re-
moval of herbivores would transform the system into one dominated by
detritivores, with slower cycling of nutrients.

Hobbs (1996) identified two major challenges to fully integrating the role
of ungulates into ecosystem science. First, we need to better integrate the
behavior of animals into ecosystem models. Many of the links between ungu-
lates and ecosystem processes are the result of choices made by individual
animals, such as selection of feeding sites, choice of forage items, and migra-
tion in response to climate, food availability, and other external pressures (e.g.,
hunting). Decisions about selection of habitats, feeding patches, and diets
occur at a variety of scales (Senft et al. 1987, Bailey et al. 1996) and they
have a profound influence on patterns of interaction between herbivores and
ecosystems. Second, we need to better understand the interactions between
population dynamics of animals and plants and ecosystem processes. Few
studies have examined large-scale responses of ecosystems, including the
response of animal and plant populations, to changes in herbivore density.
Yellowstone’s northern range may offer us an unusual opportunity for such
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studies. If the recent past is an indication of the future, we can expect large
fluctuations in herbivore density and thus in their influence on ecosystem pro-
cesses such as recycling and redistribution of materials, and successional
dynamics.

Management for ecosystem processes remains a challenge for the future,
and currently is more a conceptual guide than a prescription for immediate
action. In their plea for more enlightened management of large systems,
Holling and Meffe (1996) noted the following:

Our advice to ‘retain critical types and ranges of natural variation’
must remain for the present as a management goal to which to aspire,
as a conceptual underpinning for management, rather than an opera-
tional dictum. In practice this translates to adopting a conservative
approach to changing parameters of systems we understand poorly
but that we wish to manage. It means that the default condition, un-
less clearly proven otherwise, should be retention of the natural state
rather than manipulation of system components or dynamics. It ar-
gues for humility when managing large systems (Stanley 1995).

The northern range’s natural state is a dynamic one. Retention of natural
processes is as close as we can come to this recommendation.

Despite our inability to manage natural processes, general guidelines are
emerging for designing programs to monitor and detect environmental trends,
and this remains an area of intensive research and evaluation (e.g., Dixon et
al. 1998 and accompanying papers). It will be a challenge for YNP to look to
opportunities of the future, without forgetting lessons from the past.

Public education also is important. The National Park Service (NPS)
should explain the importance of ecosystem processes, trophic level relation-
ships among species, primary production, and nutrient cycling. Although em-
phasis on biodiversity is certainly justified, the role of the area’s landscape,
climate, and history in maintaining the biodiversity of the area and its dynamic
nature should be explained. That implies a focus on the web of life and its
complexity in the lands under NPS jurisdiction and the change over time that
characterizes natural systems, rather than on preconceptions about “the bal-
ance of nature” or the desirability of having many large, “charismatic” animals
visible. NPS would do well to consider YNP a natural laboratory for public
education, increasing public appreciation with an enhanced understanding
gained through a park visit.
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LARGE-SCALE INTERACTIONS AND PATTERNS

A second recurrent theme in our report has been the importance of spatial
scale. The northern range is an incomplete ecosystem for large herbivores
that rely on heterogeneity in the distribution of foods that vary seasonally in
abundance, quality, and availability. A large spatial extent provides reserve
areas that may not be preferred during normal years but can be used during
times of shortage. The importance of the heterogeneity that normally accom-
panies a large spatial extent was emphasized by Walker et al. (1987), who
examined drought-caused mortality of ungulates in African reserves that varied
in size from 442 to 19,000 km2. Mortality was relatively low in the large re-
serves because animals expanded their normal range and used reserve areas
that were far from normal water sources during droughts. Walker et al. (1987)
concluded that culling was unnecessary if there was sufficient spatial hetero-
geneity to provide reserve forage. Similarly, during severe winters ungulates
in the northern range use areas outside park boundaries. However, many of
these key areas are no longer accessible because of human activity and habitat
fragmentation.

A large spatial extent is also important to preserve key ecosystem pro-
cesses in the face of disturbances that recur over periods of centuries and
affect areas of tens to thousands of square kilometers. The large fires that
burned much of YNP in 1988 are the most obvious example of such a phe-
nomenon; other examples include the eruption of Mount St. Helens in Wash-
ington and major floods. These major events create patchiness in the environ-
ment, and they may provide for the simultaneous occurrence of a critical set
of characteristics that permit, for example, the establishment of, or change in,
plant communities (Coughenour 1991, Turner et al. 1997, Foster et al. 1998).

In addition to providing forage reserves for ungulates, a large spatial extent
allows animals to spread out the effects of their consumption. In YNP, ungu-
lates use some areas heavily but others only lightly. In spring and early sum-
mer, the ungulates follow the emergence and greening-up of actively growing,
nutritious plants, grazing intensively in a limited area for a period, then moving
on, allowing the plants to recover. Thus, spatiotemporal heterogeneity is key
to maintaining nutritious forages over an extended period, and the sequential
greening of vegetation provides the impetus for herbivores to move on and
allow the plants time to recover. These interactions should permit long-term
sustainability of the system; however, intensive long-term use during extreme
winter conditions may not permit some communities of woodyplants to persist.
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WEATHER, WOLVES, AND ASPEN IN YELLOWSTONE

Major controversy focuses on the causes of the virtual absence of recruit-
ment of tree-sized aspen on the northern range since 1920 (Romme et al. 1995,
Ripple and Larsen 2000b). Not all the circumstances that permitted aspen to
recruit before 1920 are known, but the most important factor currently pre-
venting recruitment of tree-sized aspen is heavy browsing by elk. If browsing
by elk were greatly reduced or eliminated for a long enough time, as seems to
have happened during the market hunting period of the 1880s (Romme et al.
1995), recruitment of tree-sized aspen would be likely under the current cli-
mate. What circumstances that previously existed, but are no longer present,
might have permitted recruitment? The most obvious is that elk did not use
aspen for winter survival because they migrated to lower areas with alternative
winter food sources. Another possibility is that a combination of severe win-
ters and a healthy predator population greatly reduced elk numbers or their
distribution.

Weather during the 1800s—the end of the Little Ice Age—was consis-
tently cooler and wetter than that of the 1900s (Chapter 2). This factor alone
could account for smaller elk populations wintering on the northern range. In
addition, wolves were present during the 1800s and they likely influenced the
density and distribution of elk. Ripple and Larsen (2000b) suggested that
wolves played a key role in the recruitment of aspen. They reviewed evidence
showing that wolves can limit herbivore population size, but more importantly,
wolves modify the location and feeding behaviors of ungulates that feed on
aspen, thereby leading to localized recruitment of tree-sized aspen. Ripple and
Larsen’s hypothesis can account for small-scale recruitment of aspen, and
with the addition of severe weather it can also account for synchronized, large-
scale episodes of aspen recruitment. For this to occur may require the simulta-
neous effects of weather, and predation.

Severe weather during the winter following the 1988 fires resulted in the
death of about 25% of the northern range elk population (Singer et al. 1989).
Similar events occurred throughout the 1900s, most recently in 1996-1997. Elk
populations have been subjected to annual harvest outside YNP ever since its
establishment, and late-season hunting was initiated in 1968. Thus, the condi-
tion of the animals and the winter range is likely to have been better since 1968
than if the population size had been regulated solely by natural factors, includ-
ing competition for forage and starvation. When subjected to a severe winter,
a population strongly regulated by food supply and with limited ability to mi-
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grate out of the area is likely to experience high rates of mortality, resulting in
a population considerably smaller than its prewinter size. If the elk population
declined to a small fraction of what the northern range could support, then
predation by wolves, whose numbers appear to be largely independent of elk
population density, could prevent rapid recovery. A low enough density of elk
would allow some aspen to grow tall, and sustained predation by wolves and
other predators could maintain the elk population at a low density for long
enough to permit recruitment of tree-sized aspen. In this scenario, establish-
ment of tree-sized aspen requires (a) the elk population to decline rapidly after
it has achieved a size too large to be maintained by the food available, (b)
migration to be restricted, (c) a severe winter that causes starvation, and (d)
a vigorous predator population that can keep the elk population from rapidly
recovering. These conditions have been absent from the northern range since
at least the late 1800s, when most (but not all) of the present tree-sized aspen
stands were formed. Such a scenario is not greatly different from that which
explains recruitment of fir on Isle Royale (Post et al. 1999), an island where
long-range moose migration is prevented. Wolves hunted moose more effi-
ciently during winters with heavy snowfall, thereby depressing moose popula-
tions and releasing fir from heavy browsing.

Several types of interactions have been proposed to account for predator-
prey systems in which predation can maintain low densities of prey, but food
limitations prevail at high densities (e.g., Walker and Noy-Meir 1982, Sinclair
1989, Boutin 1992). In general, theory suggests that prey populations are kept
at lower levels only until predator populations decline or food sources increase.
If this situation were to occur on the northern range, aspen recruitment would
be episodic and occur at unpredictable and infrequent intervals.

INDICATORS OF UNACCEPTABLE CHANGE

If YNP continues to follow a policy that permits the natural range of varia-
tion, it will need to monitor ecosystem attributes that might indicate unaccept-
able change. Research in the park is only decades old, but some insights into
past conditions are provided by analyses of lake sediments, tree rings, pollen
profiles, and floodplain sediment profiles. These analyses of long-term trends
identify the dynamic processes that led to current conditions of the Yellow-
stone ecosystem, but the linkages between past and present processes in the
northern range have not been clearly demonstrated by research. Modification
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of the Yellowstone ecosystem through reintroduction of wolves, expansion of
wintering areas for ungulates north of the park, and continued implementation
of external hunting of ungulates, in the context of a changing climate, creates
a degree of complexity that makes projection of long-term conditions in the
park and northern range difficult. The committee consequently recommends
that a comprehensive, integrated program of research and monitoring be estab-
lished to measure the consequences of current and future changes in the exter-
nal and internal drivingvariables. This program should include continued stud-
ies of animal and plant populations and their interactions, studies of predator-
prey relationships, and studies of changes in the behavior of ungulates and
predators as the system adjusts to the reestablishment of wolves. Concurrent
studies of riparian and aspen recruitment; sagebrush communities; stream
fluvial geomorphic processes in relation to riparian vegetation dynamics; rain,
snow, surface flows, and groundwater levels; and other ecosystem compo-
nents are also needed.

UNDERSTANDING THE CONSEQUENCES OF
ALTERNATIVE MANAGEMENT APPROACHES

Resource managers at YNP use natural regulation as the management
approach for the biota of the northern range for scientific reasons and to meet
public expectations. In any natural resource management context, the selec-
tion of an approach is inevitably in part a value judgment. What is our intent?
What do we, as a society, or other decision-making level, want from or for the
resource? Although managers generally strive to design multiple-use manage-
ment approaches, in fact there often is an underlying policy purpose. In Yel-
lowstone, managers could manage the system primarily to facilitate visitor
interaction with animals, for ecosystem diversity, for scenic values, or for a
combination of those values. The current decision to use natural regulation as
opposed to management that actively reduces ungulate populations and thus
decreases grazing and browsing pressure on the northern range is based in part
on science (i.e., the determination that ungulate populations are at sustainable
levels given the productivity of the range’s vegetation), and in part it is a value
judgment (based on the goals humans have set for the system).

The committee was asked to evaluate NPS’s natural regulation manage-
ment approach. It was not asked or appropriately constituted to look in depth
at alternative management approaches. But in studying the dynamics of
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ungulate-ecosystem interactions in the northern range of the Yellowstone
region and researching the impacts of natural regulation on the ecosystem, the
committee gained insights about other approaches and learned lessons about
associated scientific advantages and disadvantages. These insights may help
YNP resource managers plan future actions for the northern range, use adap-
tive management principles, learn from the information generated, and change
management approaches as needed, as more information becomes available.
Adaptive management requires clearly defined goals, and it is predicated on
use of a scientifically sound, comprehensive, integrated research program and
long-term monitoring to determine the successes and/or consequences of
management decisions.

The following text explores the scientific lessons that might be learned
from various management approaches, including natural regulation. The com-
mittee recognizes that NPS managers must balance many factors beyond
science in its decision making, but we can assist that process by projecting
some of the possible ecological consequences of those decisions.

Reduction of Elk and Bison Populations Within the Park

Although the committee concludes that the number of ungulates in the
northern range is less than the number at which density-dependent factors
would cause it to decline (Chapter 4), experience from population reductions
conducted in the 1950s and 1960s and from elk density/vegetation response
studies elsewhere in the Rockies supports the view that a smaller population
might allow recovery of some plant communities now degraded or unable to
establish new recruits (e.g., woody riparian species including willows, aspen,
and sagebrush communities). The likelihood that ungulate populations will be
less than they have been recently is greater now that wolves are present

Experimental management to reduce ungulate populations, especially elk,
and perhaps bison, could test the hypothesis that lower densities of these ani-
mals would allow increased recruitment of tree-sized aspen, expansion of
willow communities, and growth of sagebrush to large sizes. The most effec-
tive way to reduce elk numbers in YNP would be to shoot them, but doing so
might be contrary to the desires and values of the public. Visitors would see
fewer of them, and shooting is likely to arouse strong public reaction. In addi-
tion, reducing ungulate numbers at this time would confound our ability to
understand the effects of wolf reintroduction on ungulates. Finally, there is
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concern that a reduced ungulate population might disrupt food availability for
the several wolf packs (and other predators) that now have a satisfactory food
base within the park and lead the wolves to seek a domestic food base outside
the park.

Reduction of Elk and Bison Populations Outside the Park

To test the hypothesis that reduced ungulate populations might allow re-
covery of woody plant communities, resource managers might experimentally
reduce populations outside the park by working with the multiagency Northern
Range Coordinating Committee to increase hunter harvest. This approach
might partially test the concept that reduced elk numbers can enhance condi-
tions of several northern range ecosystems (e.g., aspen, riparian, and sage-
brush communities). An indirect social effect might be benefits to the local
economy through increased outfitter clientele. However, this management
approach also might confound our ability to understand the effects of wolf
reintroduction, and the key disadvantage of the approach is that hunting suc-
cess cannot be assured because elk might remain within the park, even during
severe weather.

Improve Opportunities for Increased Out-Migration

Because lower elevation winter range outside the park has been greatly
reduced, YNP resource managers could work with other state and federal
agencies and land owners adjacent to the park to add more lands at lower
elevations for winter use by ungulates. Elk herds throughout the northern
Rockies tend to migrate from high to lower elevations as winter develops; the
intensity of winter conditions usually influences the distance they move. Al-
though hunting pressure at the park boundarymayreduce migration seasonally,
lack of open migration routes and land available for foraging at lower eleva-
tions also may influence migration. Lack of low-elevation winter range may
eventually create an elk population that does not migrate outside the park but
uses only the in-park northern range and higher elevation summer ranges.
Already there are non-migratory elk populations within inner basins of YNP.

Continued efforts to increase land available for elk winter range might
reduce ungulate effects on ecosystems within YNP during harsh winters or
permit a large ungulate herd to be sustained within the northern range area
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with less damage to woody vegetation. Increasing the amount of winter habi-
tat available also might prevent the transition of some of the northern range
herd from migratory to nonmigratory, a phenomenon that over time could have
long-term effects on the conditions of the northern range. This approach has
numerous social and economic implications beyond the scope of this scientific
assessment. For example, lands north of YNP in the Paradise Valley of the
Yellowstone River have been used for ranching for decades, and many areas
are fenced. At the same time, the human population of the Paradise Valley
is increasing rapidly, giving rise to increased boundary controls and diverse
opinions about wildlife use of private property. Finally, national forest lands in
the mountains bordering the valley already have elk, and these animals usually
move to lower elevations in limited areas in the valley in winter.

Natural Regulation

YNP resource managers consider the northern range to be in acceptable
condition and the role and numbers of ungulates and other wildlife appropriate
for a national park, and the best available scientific evidence does not indicate
that ungulate populations are irreversibly damaging the northern range (Chap-
ter 4). In addition, several significant changes have been made in the northern
range in recent years, including the reintroduction of wolves and expansion of
the winter range outside the park; the long-term influence of these changes
cannot yet be determined. Thus, YNP resource managers could continue to
manage the northern range as they are now. That is, YNP managers would
continue to let the populations of elk, bison, and other ungulates fluctuate with-
out any direct (inside Yellowstone) controls, letting a combination of weather,
wolves, range conditions, and external controls (e.g., outside-the-park hunting,
land uses, and population reduction by state agencies, such as the Montana
Department of Livestock’s program for bison) influence the population num-
bers.

Experimentation with continued use of natural regulation within YNP,
recognizing the manyexternal influences, would test whether the elk population
has reached a dynamic equilibrium since the low numbers of the 1950s and
1960s. It would also allow time to observe the influences of the addition of a
top predator and more available winter range. It will require careful monitor-
ing to obtain full value from the experiment and to detect potentially serious
changes in the ecosystem before they become severe or even irreversible.
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CONCLUSIONS

Animal Populations

Density-dependent and density-independent factors interact to regulate the
elk and bison populations in the northern range. Responses of elk and bison
to potential regulatory factors are different: bison tend to expand their range
when their populations exceed roughly2,500, whereas reproductive rates in elk
decline when their populations exceed roughly 15,000. Despite the density-
dependent factors that affect elk and bison, their populations have fluctuated
for a variety of reasons, including variation in weather and because ungulates
and their food do not always vary in a synchronized way. Without rigorous
management intervention, and perhaps even with it, ungulate populations will
continue to fluctuate.

The pronghorn population has fluctuated widely and has been declining
recently. Adverse factors include coyote predation and hunting on private land
outside the park. Pronghorn may be affected by competition with elk, mule
deer, and bison during severe winters. Bighorn sheep also may be responding
adversely to many of these same factors.

Wolves will affect the population dynamics of ungulates as well as those
of other predators in YNP, as they do elsewhere. The nature and magnitude
of the effects are not predictable at present, although it is likely that wolves will
reduce elk numbers. They might increase the magnitude or frequency of elk
population fluctuations and might cause changes in the behavior of ungulates,
especially elk, including changes in areas where they forage and spend time.
The effect of wolves on bison is likely to be less variable and dramatic than
their effect on elk, their primary prey in YNP.

Ungulates and Vegetation

Tree-sized aspen have not been added to the population in the northern
range since about 1920. Currently, herbivory by elk is high enough to prevent
any such recruitment, and apparently it has been since 1920. Although there
have been fluctuations in climate since then, none has been large enough or
persistent enough to account for the failure of aspen recruitment. Two un-
tested hypotheses, working independently or in conjunction, could explain past
recruitment. One is that enough elk migrated out of the park in severe winters
to greatly reduce browsing pressure on aspen. The other is that wolves, be-
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fore their extirpation, affected the distribution and abundance of elk so that at
least some recruitment of tree-sized aspen and willows occurred even when
elk were moderately abundant. If the latter were the case, then the wolves
recently reintroduced into Yellowstone, including those in the northern range,
could promote the recruitment of adult aspen and willows.

All tree-sized aspen in the northern range are more than 80 years old, and
in the absence of recruitment, they will die out. Species associated with aspen
will likely decline as well. Elk also are reducing the size and areal coverage
of willows. Not enough is known about groundwater fluctuations or the role
of secondary chemicals in herbivory to determine whether they are also affect-
ing willow abundance.

Plant architecture and areal coverage of sagebrush has decreased during
recent decades through browsing by elk, pronghorn, bison, and mule deer. In
addition, herbivory has altered community composition, size, and recruitment.
The effects are more significant at lower than at higher elevations in the north-
ern range.

The composition and productivityof grassland communities in the northern
range show little change with increasing grazing intensity. Humans, however,
have changed the grasslands substantially by introducing exotic grasses and by
other actions, many of which began before thorough inventories were initiated.
Although conifer forests are used by ungulates, ungulates have little effect on
conifer distribution and recruitment except for localized hedging of young
conifers invading shrub and grassland areas.

The summer range does not seem to be limiting to the ungulate popula-
tions. Densities are relatively low on the summer range because the animals
are spread out over larger areas than during winter-range use. Ungulates
apparently have little effect on summer range communities, with the exception
of young aspen, which are severely browsed.

The Northern Range

The condition of the northern range is different today than when Euro-
peans first arrived in the area. The committee judges that the changes are the
result of the larger numbers of elk and bison in the area, combined with human
development and possiblyclimatic variability. The committee concludes, based
on the best available evidence, that no major ecosystem component is likely to
be eliminated from the northern range in the near or intermediate term. Fur-
ther, although we recognize that the current balance between ungulates and
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vegetation does not satisfy everyone—there are fewer aspen and willows than
in some similar ecosystems elsewhere—the committee concludes that the
northern range is not on the verge of crossing some ecological threshold be-
yond which conditions might be irreversible. The same is true of the region’s
sagebrush ecosystems, despite reductions in the number and size of plants in
some lower-elevation areas.

Natural Regulation

True natural regulation (i.e., letting nature take its course with no human
intervention) has not been possible for more than a century, nor is it likely to
become possible in Yellowstone’s foreseeable future. Because of develop-
ment on the park’s borders, ungulates do not have free access to areas outside
YNP that they formerly used during times of environmentally imposed stress.
Because ungulate populations are influenced by activities both inside and out-
side the park, the conclusions in this report should not be interpreted as either
vindication or criticism of YNP’s natural regulation policy.

YNP’s practice of intervening as little as possible is as likely to lead to the
maintenance of the northern range ecosystem and its major components as any
other practice. If the park decides that it needs to intervene to enhance declin-
ing species like aspen, the smaller the intervention, the less likely it is to do
unintended damage. For example, if YNP decided to maintain tree-sized
aspen in the park, putting exclosures around some stands would be an interven-
tion much less likely to trigger unanticipated processes than an attempt to
eliminate or greatly reduce populations of ungulates.

Large ecosystems in general and YNP’s northern range in particular are
dynamic. They change in sometimes unpredictable ways. The recent reintro-
duction of wolves, which has restored an important component of this ecosys-
tem, adds to the dynamism, complexity, and uncertainty, especially in the short
term. The near future promises to be most instructive about how elk and other
ungulates interact with a complete community of predators.

RECOMMENDATIONS

Given the complexities involved in managing Yellowstone’s dynamic eco-
systems, there is a continuing need for rigorous research and public education.
The committee offers the following recommendations designed to enhance
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understanding of key processes affecting Yellowstone’s ungulate populations,
vegetation, and ecological processes.

Park Management and Interpretation

• To the degree possible, all management at YNP should be done as
adaptive management. This means that actions should be designed to maximize
their ability to generate useful, scientifically defensible information, including
quantitative models, and that the results of actions must be adequately moni-
tored and interpreted to provide information about their consequences to guide
subsequent actions.

• There is insufficient scientific knowledge available to enable us to
predict the consequences of different management approaches. Thus, long-
term scientific investigations and experiments are needed to provide solid
scientific evidence for evaluating management options.

• The NPS educational and outreach program can play an important role
in fostering public understanding of the complex and dynamic nature of ungu-
late ecology in the GYE, which is an essential adjunct to effective management
of northern Yellowstone ungulates. Therefore, we encourage the NPS to
increase its focus on entire ecosystem relationships, processes, and dynamics
of the GYE, especially emphasizing the importance of primary production and
trophic-level relationships.

Vegetation

• A rigorous study focusing on aspen populations throughout the GYE
should be undertaken to quantify the relative importance of the factors known
or hypothesized to influence aspen stand structure. It should include establish-
ing an increased number of large exclosures with a long-term commitment to
monitoring the effects of restricting herbivory by ungulates. The study sites
should be discussed in the NPS ecosystem interpretive program.

• A careful examination of the variables that are most strongly affecting
the riparian ecosystems on the northern range is needed, especially the rela-
tionship between herbivory and groundwater availability. This should include
an understandingof fluvial processes, surface and groundwater hydrology, and
biotic processes.
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• Research should continue on northern range sagebrush/grassland
communities.

• Research is needed to determine whether it is possible to differentiate
ungulate use of tall and short willows based on both the food-deprivation levels
of the ungulates (i.e., winter starvation) and the levels of secondary chemicals
in the plants.

Animal Populations

• The behavioral adaptations of elk and other ungulates, and the changes
in patterns of habitat use as a consequence of the presence of the wolf as a
large predator newly restored to the system, should be closely monitored as a
basis for understanding the dynamic changes that are taking place within the
system.

• The changes taking place in the interactions among the large predators
of YNP and their effects on the trophic dynamics of the ecosystem should be
closely monitored as wolves become an established component of the system.

• A thorough study of current and likely future trajectories of the prong-
horn population and the role of human effects on this population is needed,
including the influence of disturbance by visitors and the Stevens Creek bison
facility. The study should evaluate the likely consequences of a full range of
potential management options, from doingnothing to activelycontrollingpreda-
tors and providing artificial winter feed.

• Periodic surveillance for pathogens (including brucellosis) in wild
ruminants in the northern range should be continued, and a more thorough
understanding of population-level threshold dynamics gained. Samples could
routinely be obtained from animals immobilized for research, found dead, or
killed by hunters.

Biodiversity

• A periodic (every10-15 years) and comprehensive biodiversity assess-
ment is needed on the northern range to evaluate potential direct and indirect
impacts of ungulate grazing, both of terrestrial and aquatic environments.
Initially, species should be identified as consistent indicators of habitat change.
These species should then be monitored intensively during periods between
comprehensive assessments.
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Human Influences

• A comprehensive research effort is needed to assess the influence of
seasonal densities, distribution, movements, and activities of people within YNP
and adjacent areas on wildlife species, their habitat use patterns, behavior,
foraging efficiency, vegetation impacts, and other aspects of their ecosystem
relationships.

• The effects of changing land-use patterns in the landscape surrounding
Yellowstone on the park’s biota and natural processes, such as fire, need to
be investigated.

EPILOGUE

GYE is dynamic, and change is a normal part of the system as far back as
we have records or can determine from physical evidence. Based on that
record of change, it is certain that sooner or later the environment of the GYE
will change in ways that cause the loss of some species and changes in com-
munity structure. Human-induced changes, both within the GYE and globally,
are likely to accelerate these changes.

Although dramatic ecological change does not appear to be imminent, it is
not too soon for the managers of YNP and others to start thinking about how
to deal with potential changes. Before humans modified the landscape of the
GYE—limitingaccess to much of it and interruptingmigration routes—animals
could respond to environmental changes by moving to alternative locations. To
a lesser degree, and over longer time frames, plants could adapt as well, espe-
cially in places with significant topographic relief. But many options that or-
ganisms formerly had for dealing with environmental changes have been fore-
closed because of human development of the region. Human-induced climate
change is expected to be yet another long-term influence on the ecosystem.
Reconciling the laudable goals of preserving ecosystem processes and associ-
ated ecosystem components with human interests and influences on wildlands
will be a growing challenge in the future, not only in the GYE. That reconcilia-
tion will involve conflictingpolicygoals, incomplete scientific information, and
management challenges. Resolving these conflicts will require all the vision,
intellectual capacity, financial resources, and goodwill that can be brought to
bear on them.
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Appendix A

Understanding the Past

LATE QUATERNARY MAMMAL HISTORY OF
THE GREATER YELLOWSTONE ECOSYSTEM

Mammal records from the late Pleistocene are sparse, but sites have been
studied in several caves surrounding Yellowstone National Park (YNP).
Usually only one species is found within one site, but these sites place the
Greater Yellowstone ecosystem (GYE) in a regional perspective for the late
Quaternary, especially for taxa that occur throughout the surrounding area.

Mammal faunas from these sites date from the latest Pleistocene (20,000
to 10,000 years before present [YBP]) through the Holocene (10,000 to 500
YBP). Because species responded individualistically to climate warming at the
end of the Pleistocene, many of these communities do not have modern ana-
logs. For example, most of the sites contain the remains of tundra species (pika
[Ochotona princeps], collared lemming [Dicrostonyx spp.], caribou [Rangi-
fer tarandus]) in association with forest mammals (porcupine [Erethizon
dorsatum], marten [Martes americana], deer [Odocoileus spp.]) and plains-
dwelling forms (bison, ground squirrels, pronghorn). A heterogeneous park-
land/savanna is suggested as the best environment for supporting these types
of diverse faunas (Faunmap Working Group 1996).

Extinct ungulates that appear to have inhabited the GYE include the Co-
lumbian mammoth (Mammuthus columbi), horse (probably several species of
Equus), camel (Camelops hesternus), woodland muskox (Bootheerium
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bombifrons = Symbos cavifrons), and mountain deer (Navahoceros fricki)
(Faunmap Working Group 1996). In addition, several large extinct carni-
vores—the short-faced bear (Arctodus simus), American lion (Panthera
atrox), and American cheetah (Miracinonyx trumani)—were common to this
area (Martin and Gilbert 1978, Chomko and Gilbert 1987, Walker1987). Other
ungulates (e.g., flat-headed peccary [Platygonus compressus]) and carni-
vores (e.g., saber-tooth cat [Smilodon floridanus]) may also have been pres-
ent, but their remains are sparse and not easily extrapolated to the GYE.

These large mammals as well as at least 24 other genera became extinct
in North America at the end of the Pleistocene (11,000 YBP). The two main
hypotheses about this extinction involve overexploitation byhuman hunters and
climatically driven environmental changes (Martin and Klein 1984). Whatever
the cause of the extinction, it must have had broad ramifications, including
alterations in biological interactions such as predation and competition; vegeta-
tional structure and composition created by seed dispersal, browsing, and
grazing; and nutrient recycling. The disappearance of species assemblages for
which there is no present-day representative is coincident with the extinction
event (Graham and Lundelius 1984).

As the climate began to warm about 14,000 years ago and glaciers re-
ceded northward and higher, so did some of the boreal mammalian fauna. The
collared lemming that today lives on the tundra in Alaska and Canada was one
of the first mammals to be extirpated from the surrounding areas and probably
the GYE, having vacated the contiguous northwestern United States by at least
10,000 YBP (Faunmap Working Group 1994). Other boreal species like the
pika (O. princeps) and the heather vole (Phenacomys intermedius) remained
at elevations lower than their current distribution until the middle Holocene, a
time of maximum warmth and dryness (Grayson 1977, 1981; Mead et al. 1982;
Mead 1987). As these species dispersed to higher elevations, species like the
pygmy rabbit (Oryctolagus idahoensis) decreased in abundance and others,
which were adapted to drier habitats (e.g., Lepus spp.), first appeared or
increased in abundance (Grayson 1987). Little is known of the Holocene
history of the Great Basin ungulates (Grayson 1982, 1993).

Similar changes took place in Wyoming east of Yellowstone as summa-
rized by Walker (1987). At 10,300 to 9,300 YBP, some boreal mammal spe-
cies were still present in the basin areas, but steppe forms were starting to be
found in association with boreal habitat types. However, by 5,060 to 2,760
YBP, modern mammalian distributions are believed to have been established.

Lamar Cave has yielded an extensive fossil mammal record from the
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Lamar Valley for the past 3,200 years (Hadly 1996). The late Holocene fauna
of the Lamar Cave is nearly identical to the modern fauna of the area. Only
one species, the prairie vole (Microtus ochrogaster), does not occur in the
modern fauna but it is found today in environments 100 km north of that site
(Barnosky 1994, Hadly 1996). The sporadic presence of this species in the
cave record may indicate the occurrence of more tall grass habitat in the
vicinity of the cave at certain periods in the past.

Although general faunal composition has been relatively stable, relative
frequencies of environmentally sensitive species fluctuated through time and
appeared to correspond with climatic events in the late Holocene. High ratios
of voles (Microtus spp.) and ground squirrels (Spermophilus spp.) indicate
moister environments. Based on such analyses, Hadly (1996) reconstructed the
environmental sequence as follows: from 2,860 to 1,370 YBP the environment
was moister than it is today; from 1,500 to 560 YBP the environment became
drier; cooler and moister conditions have prevailed for the last 700 years,
including the Little Ice Age.

Pocket gophers (Thomomys talpoides) were most abundant at Lamar
Cave during times with moister climates (Hadly-Barnosky 1994, Hadly 1996).
Pocket gopher-body size also appears to have responded to climate change
(Hadly 1997).

In other areas of the United States, similar body-size changes have been
demonstrated (Purdue 1989) for ungulates such as white-tailed deer (Odo-
coileus virginianus) where body size decreased during the warmest and
driest climates of the middle Holocene. Bison also became steadily smaller
from the Pleistocene through the Holocene (Kurten and Anderson 1980).
Although similar studies have not been conducted for the GYE, GYEungulates
probably responded similarly to middle Holocene climates.

Hadly (1996) concluded that the bones accumulated in Lamar Cave were
the result of the activities of owls, small to medium-sized carnivores, and
woodrats. Therefore, the faunal record from Lamar Cave is dominated by
small mammals (Hadly-Barnosky 1994). Large ungulate remains (elk, deer,
bison, and bighorn sheep) occur in the cave deposits but their frequencies
probably do not reflect the actual abundance of those animals. Other archaeo-
logical sites in YNP (Cannon 1997) have yielded the remains of large ungu-
lates. They document the occurrence of elk, deer, bighorn sheep, and bison
in the park by about 1,200 years ago; however, they cannot be used to estimate
population sizes.

Some scholars have proposed that the environments of the middle Holo-
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cene caused reductions in the size of Bison herds (Dillehay 1974, Frison 1978).
These assumptions were based on the reduced number of Bison sites and their
apparent absence in areas that supported Bison in the late and early Holocene.
However, this hypothesis has not been quantitatively assessed. The variables
involved must be evaluated before estimates of relative abundance over time
(e.g., Cannon [1992]) can be evaluated quantitatively.

INTERPRETING BONE DEPOSITS

Factors that influence which species are likely to be preserved in particular
sites are listed in Table A-1. For example, caves are frequently used as dens
by predators, and consequently, the remains of predators and their prey are
often preserved. At open sites, like a water hole, the remains of ungulates are
far more common than the remains of predators. Also, an assemblage of
bones from a pit cave, which acts as a natural trap, is quite different from that
of a cave with a horizontal entrance, which permits both entrance and egress
(Brain 1981).

The behavior of animals is also important in the formation of bone accumu-
lations. Some animals may be preferentially attracted to different site types.
Bats use caves as hibernacula; their remains often are very abundant in cave
deposits. Predator-prey relationships may also be a critical factor in determin-
ing the composition of a bone assemblage. Owl roosts may have massive
accumulations of small mammal bones but do not contain any large mammal
remains. Conversely, a wolf den would primarily consist of ungulate remains.

The location of a site and its catchment area also are important. The
catchment is the area from which fossils can be derived. For rodents and
insectivores falling into a pit cave, the catchment may be only a few meters up
to perhaps a few hundred meters across. However, the catchment of a large
river system can be hundreds of square kilometers. Sites located in upland
(plateaus, interfluves, etc.) and bottom land (floodplains) environments will
frequently have different types of faunal assemblages. Owls may forage over
a few kilometers, whereas large mammal carnivores may bring prey from tens
to more than 100 kilometers. Also, distance between the site of accumulation
and the site of the kill can influence what types of bones, if any, are brought
to the site. This situation, which is especially important in archaeological bone
assemblages, has been referred to as the “schlep effect.” If an animal is killed
near the site, the predator may bring the entire carcass back to the site of
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TABLE A-1 Factors That Can Bias Quantitative Analyses of Bone Remains
As Indices for Animal Abundance in a Biological Community

Site typea

Site function
Predator and prey behavior
Site locationa

Catchment area
Schlep effect
Season of accumulation
Time averaging
Preservation of bonesa (bone density, sediment chemistry, and depositional

systems)
Methods of excavation and bone recoverya ability to identify skeletal elements
Amount of site excavateda

aFactors discussed by Kay (1990).

accumulation. On the other hand, if the kill is made some distance from the
site of accumulation, the predator may strip the carcass of meat and not return
any bones to the site of accumulation or may selectively pick bones of different
nutritional value (i.e., marrow content).

Time averaging can inflate bone counts. Bones may accumulate on a
surface over an extended period of time. If bones accumulate at the same
rate but with greater rates of sedimentation, then bone density will be lower.
The only way to correct for time averaging is to have a series of radiocarbon
dates that allow sedimentation rates to be calculated.

Differential preservation of bone can also alter counts. In sediments
deposited in fast currents, small and light bones can be swept away, leaving the
larger and denser bones. Also, in sites in which bones are trampled or crushed
by other means, foot bones are preferentially preserved, and more fragile
bones like skulls and scapulas are destroyed. In an archaeological site where
marrow was processed, limb bones can be reduced to small unidentifiable
splinters. Kay (1990) describes these types of assemblages in his samples.
Finally, bones deposited in alkaline environments like cave sediments may be
preserved, but bones in acid soils (e.g., some floodplains) may dissolve over
time.

The ability to identify skeletal elements to species or even generic levels
varies with the taxon and the experience of the faunal analyst. Most of the
skeletal elements of the ungulates should be readily identifiable, but there is a
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great deal of variability in the amount of bone that is identified from various
sites. Also, the amount of bone from a site varies with the amount of the site
excavated. Excavations to determine the potential of a site generally are lim-
ited to a relatively small volume. On other occasions, hundreds of cubic me-
ters of a site may be removed.

Methods of collection can also bias bone samples. Semken and Graham
(1996) used ordination techniques to show how species composition of archae-
ological sites can vary on the basis of whether the site was screened or the
size of the mesh used in the screening. Sites that are not screened generally
lack the bones of smaller animals and smaller bone fragments of larger spe-
cies.

In most cases, bone accumulations result from multiple pathways. Also,
a single site may have different stratigraphic levels that accumulated bones by
different pathways. Therefore, if these levels are combined, the different path-
ways are mixed. To have meaningful comparisons, it is essential to compare
assemblages (sites or levels within sites) with similar histories of accumulation.

A series of late Quaternary sites from the Pryor Mountains of Montana
clearly illustrate the problems of various accumulation histories and how they
can influence faunal samples and bone counts. The Pryor Mountains are com-
posed of two fault-lifted blocks (East Pryor and Big Pryor) of Paleozoic sedi-
mentary rocks. Caves are developed in the Madison Limestone on both East
and Big Pryor. Two cave sites have been excavated on East Pryor that are
only 300 m apart. Therefore, the caves have sampled the same environment.
Also, both caves contain relatively complete sequences of Holocene deposits
so they have both sampled the same time interval. The primary differences
between the caves are site type and agents of bone accumulation.

One site is False Cougar Cave, which is located on East Pryor Mountain
at about 8,600 ft (2,621 m). This is a small cave developed in a small outcrop
of Madison Limestone. It has a horizontal entrance and contains multiple sedi-
mentary layers that date from the late Holocene to the late Pleistocene. The
cave was also used by humans, as evidenced by stone artifacts and hearths
found in the cave sediments. Vegetation around the cave is a mixture of open
meadow and coniferous forest.

The other cave, Shield Trap, is about 300 m west of False Cougar Cave.
It is a pit cave with a vertical shaft of about 10 m. The opening to the cave is
about 3 m in diameter. The cave is situated on a relatively flat ridge surrounded
by open vegetation, primarily grasses. It is developed in the same limestone
as False Cougar Cave.
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Both caves have been excavated by the same method of 10-cm levels
within natural stratigraphic units. Large specimens were piece-plotted with
respect to their horizontal and vertical coordinates. In addition, the orientation
and plunge of bones with long axes were measured with a Brunton compass.
All sediments were collected and water screened through fine mesh (1/16-inch
[0.16-cm] mesh) screens. Also, both caves contain a relatively complete
sequence of Holocene sediments. Depositional environments are similar, but
Shield Trap generally has more breakdown.

Therefore, the primary difference between the two sites is how each cave
sampled the living fauna. Shield Trap was a pit into which animals randomly
fell and were trapped. On the other hand, the horizontal entrance of False
Cougar Cave did not serve as a trap. Instead, faunal remains were brought
into the cave by agents, primarily predators (owls, carnivores, and humans).
In some cases, bones may have accumulated as the result of an animal’s dying
in the cave as it was used for shelter, but these remains are an extremely
minor component of the fauna.

The main difference between the bone assemblages from the two caves
is in the abundance of large mammal remains. The assemblage from Shield
Trap is primarily composed of bison bones, whereas False Cougar Cave con-
tains small mammal remains (rabbit to marmot size and smaller). Shield Trap
also contains small mammal remains, but they are not nearly as abundant as
those from False Cougar Cave. The remains of large mammals are sparse in
False Cougar Cave. Therefore, if the bone frequencies are taken at face value,
Shield Trap suggests that bison were abundant throughout the Holocene.
However, False Cougar Cave, which has sampled the same environment at the
same time, suggests that bison, specifically, and ungulates in general were rare.
Typical of most pit caves, Shield Trap also has a more complete complement
of carnivores than does False Cougar Cave.

Big Lip is a rockshelter located at a lower elevation of 6,000 to 7,000 ft
(1,829 to 2,134 m) on East Pryor Mountain. It contains sediments similar to
those of both Shield Trap and False Cougar Cave, and it is located less than 10
miles (16 km) from these other two sites. The vegetation around the cave
consists of Douglas-fir and lodgepole-pine forest. Big Lip also contains human
artifacts of middle Holocene age. The primary difference between Big Lip
and the other two sites is its lower elevation and vegetational surroundings.
However, the fauna from Big Lip is quite different from either Shield Trap or
False Cougar Cave. Big Lip rockshelter does not contain abundant micro-
fauna, and the dominant ungulate is Ovis canadensis. Based on the artifact
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assemblage and bone breakage patterns, it appears that Big Lip served as a
hunting and butchering site for bighorn sheep. Again, Big Lip would provide
a very different picture of ungulate abundance if faunal remains were inter-
preted at face value without considering accumulation pathways.

These problems apply to the sites analyzed and interpreted by Kay (1990).
For the Myers-Hindman site, Kay (1990) lumped faunal remains from seven
cultural levels and eight settlement units dating from 9,000 to 800 YBP and
calculated total Minimum Number of Individuals (MNI) for the site. He then
compared taxa. This technique averages and smears any fluctuations in abun-
dance due to environmental fluctuations throughout the entire Holocene. Also,
the percentage comparisons between taxa are not independent. Kay (1990)
concluded that the proportions of ungulates did not correspond to today’s
relative abundance of ungulate species in the vicinity of the site.

For Mummy Cave, Kay(1990)again lumped MNI and Number of Individ-
ual Specimens (NISP) values for 38 distinct layers that date between 9,000
and 300 YBP. Also, he noted that the faunal remains from the site have never
been completely identified. As indicated byKay (1990), the materials reported
by Harris (1978) represent only a sample of the entire site. Again, by compar-
ing the lumped MNI values for the entire site for the various ungulates, Kay
(1990) concluded that these proportions were quite different from the propor-
tions of the ungulate species in modern populations.

For the Dead Indian Creek site, Kay did not explicitly explain how he
treated the sample, but again it appears that he calculated MNIs for the vari-
ous ungulate species for the entire site and then compared proportions. These
proportions of ungulates did not match those of modern populations.

The Bugas-Holdingsite is a single-component and probably single-occupa-
tion site, which is an ideal sample. However, again the proportions of ungu-
lates in the faunal sample did not match those of the modern populations.
However, Kay (1990) did not consider factors other than actual abundances
that could have caused this difference. The sample is dominated by bison.
One possibility for this bias is in the methods of procurement of bison and elk.
Frison (1974) notes that there are many close parallels between handling bison
and domestic cattle. He further suggests that there may be a critical size for
a manageable herd that would then result in the slaughter of more animals
(Frison 1974). In comparison, there is no known evidence for artificial elk
traps or communal procurement as with bison (Frison 1978). However, if the
mature female leader is killed the remainder of the elk herd often mill in cir-
cles, and the entire herd, or a good portion of it, can be killed. On the other
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hand, the herd can disperse for several miles and be hard to find (Frison 1978).
These differences, as well as others, could easily account for the faunal differ-
ences at Bugas-Holding and hence the abundance of remains at the site is not
necessarily related to the abundance of the animals.

The Joe Miller site (48AB18) is the only archaeological excavation in
Wyoming where elk are the most common ungulate (Kay 1990). Creasman
et al. (1982) concluded that the upper component of the Joe Miller site repre-
sents an area for processing elk.

Kay has shown that elk bones are generally not as abundant as the bones
of other ungulates such as bison, deer, sheep, and pronghorn. The paucity of
elk bones could reflect low population levels as postulated by Kay (1990) and
others (Keigley and Wagner 1998), but it is just as likely, and perhaps more
probable, that differences in the abundances of bones are an artifact of pro-
cesses by which bones were accumulated. Also, lumping of quantitative data
from different stratigraphic levels, as done by Kay (1990), has created samples
time-averaged over as much as 10,000 years, virtually the span of the entire
Holocene. Also, grouping of data, as done by Kay (1990) by combining differ-
ent stratigraphic units within sites, probably mixes various accumulation path-
ways for these stratigraphic levels, which again would significantly bias the
frequency distributions.
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Appendix B

Biographical Information on
The Committee on Ungulate

Management in
Yellowstone National Park

David R. Klein (Chair) is Emeritus Professor, Institute of Arctic Biology and
Department of Biology and Wildlife at the University of Alaska Fairbanks. He
earned his B.S. in zoology/wildlife at the University of Connecticut, M.S. in
wildlife management from the University of Alaska, and Ph.D. in zool-
ogy/ecology at the University of British Columbia. Dr. Klein’s research inter-
ests include ungulate ecology, with emphasis on forage relationships, and land-
use policy and resource management in the north. He was a member of the
NRC Committee on Management of Wolf and Bear Populations in Alaska.

Dale R. McCullough (Vice Chair) is Professor of Wildlife Biology in the
Ecosystem Sciences Division of the Department of Environmental Science,
Policy, and Management and Resource Conservation in the Museum of Ver-
tebrate Zoology at the University of California, Berkeley, where he holds the
A. Starker Leopold endowed chair. He received his B.S. in wildlife manage-
ment from South Dakota State University, M.S. in wildlife management from
Oregon State University, and Ph.D. in zoology from the University of Califor-
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nia, Berkeley. His research interests concern the behavior, ecology, conserva-
tion, and management of large mammals. Dr. McCullough has served on four
NAS/NRC committees reviewing wildlife issues, most recently as Principal
Investigator on the study Brucellosis in the Greater Yellowstone Area.

Barbara H. Allen-Diaz is Professor of Environmental Science, Policy, and
Management at the University of California, Berkeley. She received her A.B.
in anthropology, M.S. in range management, and Ph.D. in wildland resource
science from the University of California, Berkeley. Her research interests
include plant community succession and classification, meadow, hardwood
rangeland ecology, forest grazing, hydrology, and range management.

Norman F. Cheville is Dean of the College of Veterinary Medicine at Iowa
State University. He received a D.V.M. from Iowa State University and M.S.
and Ph.D. from the University of Wisconsin. In 1968, he served a sabbatical
year at the National Institute for Medical Research, London, studying under
Anthony Allison. The honorary degree Doctor Honoris Causa was con-
ferred by the University of Liége in 1986 for outstanding work in veterinary
pathology. Dr. Cheville served as Principal Investigator on the NRC study
Brucellosis in the Greater Yellowstone Area.

Russell W. Graham is Chief Curator at the Denver Museum of Nature and
Science. He received his Ph.D. from the University of Texas at Austin. His
research interests include the evolution and biogeography of Quaternary mam-
mal communities. He currently serves on the NRC’s U.S. National Commit-
tee for the International Union for Quaternary Research and the National
Committee for DIVERSITAS.

John E. Gross is Senior Research Scientist with the Division of Sustainable
Ecosystems, Commonwealth Scientific and Industrial Research Organisation,
Australia, and Research Associate with the Natural Resource Ecology Labo-
ratory, Colorado State University. He earned his B.A. from the University of
Colorado in biology, M.S. in zoology from Colorado State University, and
Ph.D. in ecology from the University of California, Davis. Dr. Gross's re-
search interests include conservation biology, ecological modeling, and the
population and nutritional ecology of herbivores.

James A. MacMahon is Trustee Professor of Biology at Utah State Univer-
sity. He earned his B.S. in zoology at Michigan State University and Ph.D. in

Copyright © National Academy of Sciences. All rights reserved.

Ecological Dynamics on Yellowstone's Northern Range��� 
http://www.nap.edu/catalog/10328.html

http://www.nap.edu/catalog/10328.html


Appendix B 179

biology at the University of Notre Dame. His research interests include theory
of community organization, community ecology of deserts, biology of desert
perennials, energyexchange in plant and animal populations, biology of reptiles
and amphibians, and biology of arachnids. Dr. MacMahon is currently a mem-
ber of the Board on Environmental Studies and Toxicology and the Committee
on Future Roles, Challenges, and Opportunities for the U.S. Geological Survey.

Nancy E. Mathews is Assistant Professor, Department of Wildlife Ecology
at the University of Wisconsin, Madison. Her research interests include be-
havioral ecology, conservation biology, and large-scale assessments of
biodiversity. Dr. Mathews received her B.S. in biology from Pennsylvania
State University, M.S. in forest biology (wildlife management) and Ph.D. in
forest biology (ecology) from the State University of New York, College of
Environmental Science and Forestry (SUNY-CESF).

Duncan T. Patten is Research Professor in the Big Sky Institute at Montana
State University, Bozeman, Montana. He is also Professor Emeritus of Plant
Biology and past director of the Center for Environmental Studies at Arizona
State University. Dr. Patten received an A.B. from Amherst College, M.S.
from the University of Massachusetts at Amherst, and Ph.D. from Duke
University. His research interests include arid and mountain ecosystems,
especially the understanding of ecological processes and restoration of western
riparian and wetland ecosystems. He has been a member of the NRC’s Com-
mission on Geoscience, Environment and Resources, the Board on Environ-
mental Studies, and numerous NAS/NRC committees.

Katherine Ralls is a research zoologist at the Smithsonian Institution, Wash-
ington, DC. She has a B.A. from Stanford University, an M.A. from Radcliffe
College, and a Ph.D. in biology from Harvard University. Her areas of exper-
tise are the biology of mammals, mammalian behavior, conservation biology,
the genetic problems of small captive and wild populations, field studies of
threatened and endangered species, and the development and testing of
decision-making tools to improve management of threatened and endangered
species. Dr. Ralls served previously on the NRC’s Committee on Scientific
Issues in the Endangered Species Act.

Monica G. Turner is Professor of Terrestrial Ecology in the Department of
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Zoology at the University of Wisconsin, Madison. She received her Ph.D. in
ecology from the University of Georgia. Her research interests include land-
scape ecology, ecological modeling, and natural disturbance dynamics. Cur-
rently, she serves on the NRC’s Ecosystems Panel. Previously, she served on
the NRC’s Committee on Scientific and Technical Criteria for Federal Acqui-
sition of Lands for Conservation.

Elizabeth S. Williams is Professor, Department of Veterinary Sciences,
University of Wyoming, and a veterinary pathologist at the Wyoming State
Veterinary Laboratory. She received a BS in zoology from the University of
Maryland at College Park, D.V.M. in veterinary medicine from Purdue Uni-
versity, and Ph.D. in veterinary pathology from Colorado State University.
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