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FOREWORD

ellowstone’s northern range has inspired one of this century’s most

productive, if sometimes bitter, dialogues on the management of a wildland

ecosystem. This book contains a vast amount of new scientific research
about the range and forever changes that dialogue because it synthesizes a vast amount of
new information that has previously been available only in highly specialized and
technical journals. This book interprets and summarizes the work of dozens of ecologists
and other researchers from across the scientific community, and it provides you with the
formal administrative position of Yellowstone National Park on the northern range
grazing issue.

This is an enormously exciting and challenging time for all of us who care about
Yellowstone’s northern range and the spectacular assortment of wildlife that inhabit the
range. As knowledge accumulates, and as we better understand just how complex and
subtle nature can be in a large wildland ecosystem, our job becomes more difficult rather
than less. More new research on the northern range has been published in the leading
scientific journals in the past 15 years than in the entire previous history of this world-
famous landscape, and that research has shaken the foundations of traditional ideas, not
only about Yellowstone, but about other similar wildland ecosystems. In time, we think
this research will be of benefit to managers of other kinds of ranges as well, including
livestock ranges; Yellowstone serves us in many ways, but one of the most important is as
a “control site” against which we can measure our effects on other landscapes managed
for other purposes.

Recent research may have changed many things, but it will not change the
controversial nature of the northern range, which will always attract people with differing
values that they would prefer to have applied to the management of this unique resource.
Though it is far from the last scientific word on the northern range, this report can serve
all viewpoints by elevating the dialogues to a previously impossible level of knowledge.
It is only through a common awareness of the range’s history and ecology that we will
work together to give it the best care possible.

Mike Finley, Superintendent, Yellowstone National Park



EXECUTIVE SUMMARY

he condition of the winter range of the northern Yellowstone elk herd

(referred to here as the northern range) of Yellowstone National Park has

been of concern to the public, managers, and scientists for more than 70
years. Before 1970, almost all observers regarded the range as overgrazed due to an
overpopulation of elk. Other problems thought to have been caused by high elk
numbers included declines in woody vegetation, especially willow and aspen, declines
in white-tailed deer and beaver, and increased erosion. These concerns led to increas-
ingly aggressive attempts to control elk herd size, which peaked in the 1960s, when
thousands of elk were slaughtered. The agency’s control actions resulted in a monumen-
tal public outcry and U.S. Senate hearings that led to the termination of elk control in
the park.

Because of changing attitudes about natural systems in the scientific community
and growing uncertainty over how ecological processes worked in Yellowstone National
Park, National Park Service (NPS) managers and biologists decided to test the common
assumption that the elk were inevitably inclined to overpopulate the range and, alterna-
tively, to determine if the elk herd might be “naturally” regulated, or regulated by its
environment. Natural regulation of animal populations was an established topic in
ecology by the 1950s. In the 1960s and 1970s, by applying prevailing ecological theories
relating to natural regulation, NPS scientists provided substantial evidence that traditional
views of the range as overgrazed were either erroneous or based on incomplete informa-
tion.

During the 1980s, concern over the condition of the range continued among the
public and the scientific community. In 1986, Congress funded a major study initiative
to address the overgrazing issue. Researchers noted that commercial range managers
defined an overgrazed range differently than did wildland ecologists. Use of commercial
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range criteria to judge a wildland grazing system,
as was done from the 1920s to the 1960s, was a
primary cause of confusion over the condition of
the range. During the study years 1987-1990, the
bunchgrass, swale, and sagebrush grasslands of the
northern range did not appear to be overgrazed by
any definitions of overgrazing. In fact, production
of grasses was not reduced or, in some cases., was
actually enhanced by ungulate grazing in all but
drought years. Protein content of grasses, growth
lengths of big sagebrush, and seedling establish-
ment of sagebrush were all enhanced by ungulate
grazing. Overgrazing typically reduces root
biomass and results in more dead bunchgrass
clumps, but neither of these signs of overgrazing
was observed.

Photographs of riparian areas on the northern
range in the late 1800s show much taller willows in
some locations. Studies have shown that virtually
no aspen have escaped ungulate browsing and
reached tree height since the 1930s. Some re-
searchers have attributed these changes in willow
and aspen success to overbrowsing by ungulates,
while others ascribed the changes to more complex
interactions of climate. fire suppression, and
ungulate use. Aspen history was clarified by the
discovery that since the early 1800s there has been
only one period, between about 1870 and 1895,
when aspen have escaped browsing and grown to
tree height on the northern range. The inability of
aspen to grow to tree height in the period between
about 1800 and 1870 suggests that then, as now,
elk may have been abundant enough to contribute
to the suppression of aspen regeneration; other
factors that may have contributed to such suppres-
sion include fire. This discovery, that aspen only
successfully reached tree height during one period
in the park’s history, casts a new light on today’s
elk browsing of aspen, suggesting that perhaps the
failure of aspen to reach tree height in recent years
should not be solely regarded as proof of elk
overabundance, but perhaps instead that the lack of
aspen is due to a complexity of factors that include
elk, but also climate change, especially to a more
arid state (Romme et al. 1995). fires, and predator
abundance. More research will be needed to

improve our understanding of woody vegetation on

Xii

the northern range.

Erosion and heavy sedimentation in northern
range rivers was traditionally attributed to an
abrupt increase in elk numbers around the turn of
the century. However, numerous recent studies of
historical and modern erosion indicate that there
are several highly erodible areas in northern range
drainages that historically and currently contribute
most of the sediment to local watercourses. These
erosion sources apparently operate independently
of ungulate influence. One area of potential
concern is that grazed sites have less litter, more
exposed surface (11 percent more), and slightly
higher soil compaction. We interpret these trends
as logical consequences of ungulates consuming
vegetation and just moving about. Most grasslands
sampled contained enough protective groundcover
to protect them from accelerated erosion. Experi-
mental sedimentation work found no significant
difference attributable to grazing. The study of
sediments in eight small lakes on the northern
range indicated no measurable recent change in
erosion patterns that would result from sudden
increases in ungulate use of the lake shores.
Erosion rates in riparian areas have not yet been
comprehensively studied, though it is visually
obvious that ungulate use of these areas likely
contributes to the movement of soil on some
streamside banks through their trailing, wallowing,
and rubbing. Visual evidence, however, is not
scientific quantification; more research is needed,
especially with respect to riparian erosion systems.

Paleontological, archeological, and historical
evidence indicates that elk and other ungulates, as
well as large predators, were present and common
on the northern range for thousands of years prior
to the establishment of Yellowstone National Park.
Several alternative scenarios have been proposed
explaining their past and present abundance, and
for the influences that Native Americans had on
wildlife populations. Further work in these fields
is needed as well.

The northern Yellowstone elk herd cannot
be regarded as increasing without control.
Population regulation mechanisms are evident in
the northern Yellowstone elk herd; the herd is
naturally regulated by a combination of forces.
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From 1987 to 1990, combined summer predation
by grizzly bears, coyotes, black bears, and golden
eagles averaged 31 percent of elk calves born on
the northern range, and winter mortality, mostly
due to undernutrition in the very young and very
old elk, averaged 20 percent. “Density depen-
dence” (the measure of a population’s response to
higher numbers with lower growth rate) was well-
documented for the northern elk herd. Over-winter
calf mortality, yearling elk mortality, and adult bull
mortality all increased with higher elk density.
Pregnancy rates of both yearling and adult cow elk
also declined at higher elk densities. Population
increases in the 1970s were due to release from the
extreme elk reductions in the 1960s, and increases
in the 1980s were due to a series of mild winters
and wet summers, plus acquisition of more than
10,000 acres of additional winter range north of the
park. A third of the northern winter range is on
public and private lands north of the park, where
elk often compete with livestock for grazing lands.
The northern Yellowstone elk herd counts have not
increased significantly since 1991, varying with
conditions between 16,000 and 20,000 animals.
We conclude the addition of wolves to the predator
community may reduce the herd by 8 to 20 percent
at some time in the future, if, according to three
independent modeling efforts, 75 to 100 wolves
eventually occupy the area. A minority opinion
among the scientists who studied the situation was
that up to 200 wolves may occupy the northern
range which, if it happened, might reduce elk up to
50 percent.

For the most part the fates of other ungulate
species do not seem tied to elk numbers. Five other
ungulate species that coexist with elk increased in
the 1980s. Only moose did not. Bighorn sheep
status is complicated by a disease outbreak in the
early 1980s that reduced the population, but they
too have been recovering since that time in the face
of high elk numbers. There is considerable overlap
in forage between sheep and elk, so the possibility
of competition between these two species must be
considered; but competition between species is a
fact of life in nature, and does not necessarily prove

something is inherently “wrong.”

Supposed “declines™ of beaver and white-
tailed deer after 1920 were based in good part on
inaccurate historical interpretations. Beaver persist
at low levels on the northern range, with more
abundant colonies living in suitable habitat
elsewhere in the park. White-tailed deer are
sighted regularly on the northern range in summer,
in very low numbers perhaps similar to those at the
time of the park’s establishment.

Pronghorns, once extremely abundant
throughout greater Yellowstone but heavily
controlled and reduced by managers well into the
1960s, exist on the northern range in a small and
apparently isolated population that is in some
danger of disappearance. Competition with elk
does not appear to be a significant limiting factor
for the pronghorns. Diet and habitat overlaps
between elk and pronghorns were minimal. For
example, pronghorns increased at a very rapid pace
in the 1980s in spite of very high numbers of elk.
Similarly, a decline in pronghorns in the 1990s
appears unrelated to elk numbers.

Grizzly bears and other predators, including
black bears, mountain lions, wolves, and coyotes,
rely heavily on elk for food. A human-caused
reduction of the northern elk herd would almost
certainly place some of these predator populations
in jeopardy. This is also true of a host of scaven-
gers such as ravens, eagles, and foxes, plus many
small birds, mammals, and insects.

Over the almost 30 years since its inception,
many elements of the natural regulation policy
have undergone repeated tests, and additional
work is necessary to clarify the ecological
consequences of the policy. However, research
conducted to date, which amounts to one of the
largest and most comprehensive issue-oriented
research programs in the history of the National
Park Service (or in North America), has demon-
strated that natural regulation is not only the most
valid management option of the northern range (of
the several options available), but is also the option
that promises to teach us the most about wildland
ecosystems in both the short and long term.
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CHAPTER ONE

¥ NORTHERN RANGE

&

' RESEARCH AND

he condition of the winter range of the northern Yellowstone elk herd

(referred to here as the northern range) of Yellowstone National Park has

been of concern to the public, managers, and scientists for more than 70
years. During that time, many different interpretations of its condition have been put
forth; the majority of opinions offered prior to 1970 agreed that the range was to some
extent overgrazed. Many observers regarded overgrazing as severe. Overgrazing was
almost always attributed to high elk numbers, but bison and pronghorn were implicated
as well. Other problems thought to have been caused by high elk numbers included
declines in woody vegetation, especially willow, aspen, and several sagebrush species,
declines in white-tailed deer and beaver, and accelerated soil erosion.

Changing perspectives in management and in the ecological sciences in the past 30
years have resulted in an intensive reconsideration of past views, and have also resulted
in renewed controversy over the range and its management. This report summarizes the
long history of this issue, especially the tremendous surge in scientific research in the past
decade, research that has changed the nature of the overgrazing debate in Yellowstone
National Park, and promises to have far-reaching effects in the management of other
wildland grazing systems as well.



Figure 1.1.
Photographer
William Henry

Jackson, a member of

the 1872 Hayden
Survey, took this
photograph along the
Yellowstone River in
Yellowstone National
Park about three
miles from the Lower
Falls. It shows
Hayden Survey
hunter Fred Bottler
(center) and
companions with five
[freshly killed bull elk.
Until 1883, park
visitors were legally
entitled to hunt and
kill wildlife for food,
but the industrial
slaughter of market
hunters led to the
prohibition of hunting
in the park. NPS
photo.
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Today’s natural resource managers and users
are recipients of a rich legacy in national parks.
The legacy includes not only the resources them-
selves but also the array of policy, regulations, and
management directions that have grown during the
institutional history of the parks. The National
Park Service’s Management Policies (1988) have
summarized this legacy as follows:

The natural resource policies of the
National Park Service are aimed at
providing the American people with the
opportunity to enjoy and benefit from
natural environments evolving through
natural processes minimally influenced
by human actions. The natural re-
sources and values that the Park Service
protects are described in the 1916 NPS
Organic Act (16 USC 1 et seq.) and in
the enabling legislation or executive

orders establishing the parks. These

resources and values include plants,
animals, water, air, soils, topographic
features, geologic features, paleonto-
logic resources, and aesthetic values,
such as scenic vistas, natural quiet, and
clear night skies. Some of these
resources and values are protected both
by NPS authorities and by other
statutory authorities, such as the Clean
Air Act (42 USC 7401 et seq.), the
Clean Water Act (33 USC 1251 et seq.),
the Endangered Species Act (16 USC
1531 et seq.), the National Environmen-
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tal Policy Act (42 USC 4321 et seq.),

and the Wilderness Act (16 USC 1131

et seq.).

This generous and ambitious statement of
purpose is the result of more than a century of
experience, struggle, and experimentation in
national park management that began in
Yellowstone National Park in 1872. The park was
created prior to the development of the professions
of wildlife management and range management in
North America, and at a time of great waste of
wildlife and other resources. With little or no
funding and even less specific legislative direction,
early park managers began the park’s 125-year
struggle to come to terms with managing this large,
complex wildland.

EARLY MANAGEMENT

From 1872 to
1883, public hunting
was legal in the park,
partly because there
were few services
available to visitors,
who often killed park
wildlife to supplement
their provisions
(Figure 1.1). Accord-
ing to early regula-
tions, hunting was
limited to sport or
subsistence killing by
visitors, but the market hunting that swept many
western gamelands in the 1870s and early 1880s
did not miss the large wildlife herds of Yellowstone
(Schullery in press). Market hunting probably
started in the Yellowstone Valley north of the
present park around 1869-1870, and soon was
occurring within the boundaries of the newly
established park. The park’s early civilian adminis-
trators (1872-1886), who spent only the brief
tourist season in residence (and some years did not
visit at all), were not equipped or funded to prevent
industrial-scale slaughter of park wildlife, which
usually took place in early spring. This slaughter
began before the park was established, and seemed
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to abate in the late 1870s, gradually tapering off
further in the early 1880s. Little information has
survived on the number of animals killed, but
Schullery and Whittlesey (1992) reviewed
contemporary informal accounts of the slaughter
of a minimum of 8,000 elk on portions (though
by no means all) of the northern range in 1875.
Most of these were killed in the park, including
4,000 reportedly killed in 1875 in the Lamar
Valley. Thousands of other animals—bison, deer,
pronghorn, and bighorn sheep—were also killed,
most for their hides, while their carcasses were
poisoned to kill predators and scavengers.
Schullery and Whittlesey (1992) suggested that
by 1883, when
public hunting
became illegal
in Yellowstone
National Park,
wolves and
other carni-
vores may
already have
been seriously
reduced, more
than two decades prior to the well-known federal
predator-control program of the early 1900s.

In 1886, the U.S. Cavalry was assigned to
protect Yellowstone National Park, and did so until
1918. The National Park Service was created in
1916, but did not assume control of park manage-
ment until 1918, and at first continued the wildlife-
management policies developed by the army.
Wildlife-management practice and philosophy has
undergone many changes in Yellowstone National
Park, which has been a primary testing ground for
new ideas and approaches (Haines 1977, Wright
1992, Schullery in press).

THE ERA OF INTENSIVE
MANAGEMENT AND EARLY
RESEARCH

From the arrival of the army in 1886 to the
1930s, wildlife management in Yellowstone
National Park was in good part seen as protecting
the grazing animals and other herbivores from

Figure 1.3. Hunters
loading elk at the
Gardiner Depot,
1919. Once they
were protected by
Yellowstone National
Park and Montana
game laws, migrating
members of the
northern Yellowstone
elk herd supported an
important sport hunt
in southeastern
Montana. NPS
photo.

Figure 1.2. Deep
snow made elk easy
to reach, for both
poachers and early
visitors. Haynes
photo from the NPS
files.

poachers, predators, and other threats, including
winter mortality. As early as the 1880s, conserva-
tionists, especially sportsmen, had recognized that
the park could serve as a reservoir of game to
restock surrounding lands with an endless supply
of elk, deer, and other popular species, so the 1883
prohibition of hunting in the park received wide
support from hunters in the then-young conserva-
tion community (Schullery in press). As the
animals became less wary and easier to see, the
park became recognized as one of the world’s
foremost wildlife sanctuaries, which in turn meant
that the animals became an important attraction and
a significant part of the visitor experience (Figure 1.2).
But at the turn of the century, wildlife
biology was in its infancy, and there was little
available expertise in how best to manage the
wildlife of a large wilderness reserve (Figure 1.3).
Management mostly came down to protection of
the “good™ animals, which even included feeding
them in winter. Much of what was “known™ about
these animals was in fact folklore or misconcep-



Figure 1.4. Rangers
with predator hides
during National Park
Service predator
control era in the
1920s. NPS photo.
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tion. There was not only uncertainty over the
numbers of mammals, especially elk, but also great
confusion and inconsistency in early reports of
those numbers (Appendix B) (Tyers 1981, Houston
1982). Houston (1982) reviewed early “census”™
reports from the army period (1886-1918) and the
early National Park Service administration. He
demonstrated that estimates of elk numbers, which
typically ranged from 15,000 to 40,000 but
sometimes as high as 60,000, “in some cases were
seemingly based on little more than the previous
estimate,” and often included very different
combinations of at least eight elk herds that lived
seasonally or all year long in the park.

Toward the close of the army period, after
about 1910, more serious attempts were made to
accurately census the northern herd, but again,
Houston (1982) has demonstrated that flaws in
methods used led some park administrators to
continue estimating 25,000 to 30,000 elk, while
professionally conducted counts yielded smaller
numbers: 9,564 elk actually counted (from the
ground) between the upper Lamar Valley in
Yellowstone National Park and Dailey Lake in
Paradise Valley, Montana in 1916, and 10,769 elk
actually counted between the upper Lamar Valley
and Stands Basin (northwest of Dome Mountain, in
Paradise Valley) in 1917. Unfortunately, even

4
today some scientists persist in using the most
inflated early estimates (Wagner et al. 1995a),
rather than the better-documented counts. The first
regular aerial surveys of elk began in 1952, and
that is the beginning of the era when elk counts can
be accurately compared between years.

The question of numbers of elk has been
central to dialogues over the condition of the
northern range throughout the rest of the century.
Perhaps the most famous early episode in the
history of Yellowstone’s northern herd was the
supposed “‘crash,” or massive winterkill, in the
winter of 1919-1920, when second-hand reports of
as many as 14,000 elk dying of undernutrition were
circulated and have since made their way into
modern wildlife management literature as fact.
This spectacular die-off of elk seems not to have
happened; the most alarming accounts of it were
written by people far from the scene. Houston
(1982), in the most thorough review of the actual
counts made of elk prior to and following that
winter, reported that in the spring of 1920, field
personnel reported winter mortality of 700 to
1,500, with another 3,500 killed or crippled by
hunters north of the park in the fall of 1919.
Houston’s clarifications of these and other histori-
cal numbers of elk have not been challenged in the

scientific literature, and are accepted for the
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purposes of this overview.

By the 1920s, several ideas had emerged that
would guide wildlife managers in their thinking
about the management of the northern herd. The
most important of these ideas was that there were
now “too many” elk. This conviction was based on
the assumption that elk and other large grazers
were not native to Yellowstone National Park, or at
least did not inhabit the park in large numbers until
the 1870s, when they were “crowded farther back
into the mountains™ by human settlement pressures
(Graves and Nelson 1919). With this fundamental
assumption driving their thinking, managers and
other observers spent the first seven decades of this
century expressing alarm over the high numbers of
elk. Until the 1920s, such expressions were limited
mainly to concern for the large numbers of elk that
might die in a given winter. This concern was
focused on the seeming waste of game animals.

But by the 1920s, more concern was expressed
about overgrazing of the range and other effects the
elk were thought to be having on their habitat.

A comprehensive history of American
wildlife management is beyond the scope of this
book, but it must be kept in mind that other factors
were at work in the development of management
practices in Yellowstone National Park. National
predator control initiatives, aggressively fostered
by the ranching community and just as aggressively
carried out by various state and federal agencies,
were further complicating the relationship of many
herbivore populations with their environments; in
Yellowstone National Park, many predators were
poisoned even in the park’s first years, and between
1900 and 1935, more than 100 wolves and moun-
tain lions and more than 4,000
coyotes were killed (Figure 1.4)
(Murie 1940, Weaver 1978).
Similarly aggressive predator-
killing campaigns were con-
ducted on the lands surrounding
the park, where livestock
operators’ concerns led to the
extermination of some preda-
tors and the drastic reduction of
others.

At the same time, most of the park’s grizzly
and black bears were inadvertently “trained” to
feed on garbage rather than search out native foods
(Figures 1.5, 1.6). They were effectively “di-
vorced” from their native feeding regime for a
significant part of the year, and their behavior and
habitat use was altered in the process (Schullery
1992, Craighead et al. 1995).

Increased human settlement of winter ranges
throughout the west was in fact reducing the
available winter forage of many herds. As early as
1917, biologists recognized that Yellowstone’s
northern winter range included the entire river
valley from the park boundary 11 miles north to
Dome Mountain, much of which would become
unavailable to the elk in the succeeding decades as
human development in wildlife migration corridors
proceeded.

During this time, ongoing climatic changes
seemed to complicate efforts to understand range
conditions. The ending of the Little Ice Age in the
mid-1800s meant that the park’s climate was in a
transition period of some significance even as it
was being established. The wet period of 1870-
1890 came when white people were developing
their first impressions of Yellowstone’s climate, but
the drought of the 1930s displayed the variability
of the area’s climate. Against this backdrop of a
dynamic system, managers attempted to determine
what condition the park’s range “should™ be in
when in fact the ecosystem was offering evidence
that there was no such specific condition.

Traditionally, managers of national parks
have tended, either formally or unofficially, to

regard the establishment date of a park as a kind of

Figure 1.5.
Garbage-fed bears
were a major tourist
attraction in the
1930s, when
hundreds of people
gathered nightly to
watch bears at the
dump a few miles
south of the Canyon
area. NPS photo.




Figure 1.6. Grizzly
bears and gulls at the
Canyon dump, 1930.
In the 1960s and
later; ecological
research would
indicate that the
dumps dramatically
altered the behavior,
movements, and other

activities of

Yellowstone bears.
NPS photo.
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baseline against which to measure and judge later

changes in that landscape, but this view has fallen
out of favor more recently, because of the inherent
variability of ecosystems and because it is now
known that influences of Euramericans on land-
scapes often predated their actual arrival (see
Chapter Two). Even recognizing the shortcomings
of attempting to establish a baseline date by which
to judge later conditions in a national park, it
should be pointed out that the year 1872 was an
especially bad choice for making such judgments.
Not only had the park area just recently emerged
from the Little Ice Age, and not only had the park
experienced extensive fires in the 1860s (Romme
and Despain 1989b), but also the park was just then
at the beginning of a two-decade period of unusu-
ally high precipitation (Houston 1982). Park
managers and observers, who for generations have
attempted to understand the park’s ecology in terms
of its establishment date, were slow to recognize
the many consequences of relying on such a
simplistic approach.

Human manipulation of the vegetation
further complicated the picture. Fire, today
recognized as an essential element in the shaping
of most North American ecosystems, was regarded
as an evil to be prevented at all costs. Historical

evidence suggests that the only place firefighters
were regularly able to suppress natural fire in
Yellowstone National Park was in the grasslands,
where the fire-return interval (about 25 years) was
much more frequent than that of the surrounding
forests (200 to 300 years), so it is possible that fire
suppression had significant effects on northern
range vegetation (Houston 1982, Romme and
Despain 1989).

Underlying these difficulties were other
beliefs that have since been challenged, if not
discarded, by advances in scientific thinking.
Perhaps the most important, if rarely articulated,
was the assumption among the public that a
primary goal of wildlife management was to
provide consistency of production, whether the
product was elk available for hunter harvest or
grasslands available for grazing. Through the first
half of this century, nature was perceived by many
leading ecological thinkers as tending toward a
stable state that managers could predict and
maintain: the public was taught to think in terms
of some ideal “balance of nature™ that humans
alone could disturb. The complexity of wildland
grazing systems appreciated today was not yet
grasped in the early 1900s. The implicit goal of
most management actions prior to the late 1960s
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was to regulate and manage Yellowstone’s northern
range so that its production of elk was more or less
unvarying and predictable, and so that winter
mortality did not occur or was kept to some ideal
minimum.

In the 1920s and 1930s, concern over the
condition of the range grew, as the elk population
was repeatedly described as too large. Other
aspects of the northern range came to the attention
of observers. Skinner (1929) reported a decline in
the park’s white-tailed deer population, from 100 at
the beginning of the 1900s to essentially none by
the late 1920s. In 1931, Talbot reported an increase
in exotic plant species and erosion, attributing these
to overgrazing (Tyers 1981).

The most important of these investigations
was conducted by U.S. Forest Service biologist W.
M. Rush (1927, 1932). Based on horseback trips
through part of the northern Yellowstone elk winter
range in 1914 and 1927, Rush concluded that
drought and grazing had lowered range carrying
capacity, that erosion was widespread, that exotics
continued to invade, and that all browse species
would be lost if something were not done. Houston
(1982) pointed out that “Rush recognized the
cursory and subjective nature of his range assess-
ments, a fact which seems to have been overlooked
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in subsequent references to his findings.” Tyers
(1981) and Houston (1982) summarized the work
done by subsequent National Park Service biolo-
gists, especially R. Grimm and W. Kittams between
1933 and 1958, both of whom generally supported
Rush’s conclusions. By the early 1960s, the
“Yellowstone elk problem” had become one of the
longest-standing dilemmas in American wildlife
management history. In June 1963, Cooper et al.
made a 12-day survey of the northern range and
estimated a winter elk carrying capacity of about
5,000, in keeping with several earlier estimates and
using standards usually applied to domestic
livestock grazing (Cooper et al. 1963).

From the 1920s to the 1960s, northern
Yellowstone elk were trapped and shipped alive to
re-stock depleted game ranges all over North
America (Figure 1.7). In attempts to control or
reduce the elk population (see carrying capacity,
below) elk were also shot by park rangers and the
meat was shipped to Indian reservations. In all,
26,400 park elk were removed from 1923 to 1968.
From the mid-1930s to the mid-1960s, bison and
pronghorn were also reduced in numbers or
otherwise manipulated on the northern range.

The long-term monitoring conducted by

Kittams until the late 1950s was followed by more

Figure 1.7. Loading
live elk at the
Gardiner Depot,
1935. Elk were
transported live from
Yellowstone to restock
elk ranges in many
other parts of the
United States. NPS
photo.




Figure 1.8.

Elk killed
during the herd
reductions of the
1960s were
distributed

to regional
Indian tribes.
NPS photo.
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comprehensive work (1962-1970) by Barmore,
who examined interspecific relationships among
the ungulates of the northern range (Barmore
1980). In 1963, Meagher began to study the life
history, ecology, and management of bison; her
work continues (Meagher 1973, 1976, 1989,
1989bh). From 1970 to 1979, Houston investigated
history and ecology of the northern Yellowstone
elk winter range (Houston 1982).

THE NATURAL REGULATION
ERA

Houston began his work at a time of dramatic
change in National Park Service management
philosophy (Wright 1992). Traditional approaches
to wildlife husbandry in parks were challenged,
and new scientific approaches were emerging.
Perhaps the most important event in the changing
nature of Yellowstone elk management took place
in the early 1960s, when Yellowstone’s managers,
on the advice of commercial range management
authorities (Cooper et al. 1963), increased the
intensity of their elk control and began killing
thousands of elk in the park (Figures 1.8-1.13). At
the time, consensus among managers and biologists
was firmly in support of this action, but public
outcry against the killing was so intense that
hearings were held on Yellowstone elk manage-
ment by U.S. Senator McGee (Wyoming) in 1967.

Out of these hearings came a
cessation of elk slaughter in
Yellowstone National Park (and
a brief period of intensive
trapping and shipping of
animals to other areas).

Even before the elk
reduction crisis reached its
well-publicized peak in 1967-
1968, changing views of park
resource management had been
articulated in the now-famous
Leopold Report, the statement
of a panel of independent
ecologists published in 1963
(Leopold et al. 1963). This
group’s work has been sub-
jected to countless reinterpretations over the years.
While some see their work as more or less reinforc-
ing traditional policies, others interpret the Leopold
Report as a bold new perspective for its time. With
its advocacy of a much higher role for science in
park management, and its numerous eloquent
recommendations for such things as sustaining
vignettes of primitive America, and a “reasonable
illusion™ of a wild system, the Leopold Report was
to many minds at the time a revolutionary docu-
ment, one that influenced Yellowstone’s managers
as they sought to resolve the apparently endless elk
problem.

Superintendent Jack Anderson, appointed in
1966, and chief park biologist Glen Cole faced a
difficult challenge in the elk management contro-
versy. The public was opposed to killing elk in the
park. Many hunters and the surrounding state
wildlife-management agencies favored opening the
park to hunting. Ranchers near the park wanted elk
reduced to prevent range competition with live-
stock. The National Park Service, legally and
traditionally opposed to hunting in parks, resisted
continued manipulation of animal numbers in the
park, while the scientific community largely agreed
that the elk population must be controlled. The
Senate hearings confirmed a strong public disap-
proval of elk reductions in Yellowstone National
Park, but National Park Service leadership still
believed they had the option of killing elk, however



HisTORY OF RESEARCH AND MANAGEMENT

9

Figure 1.9.
Helicopter pilot’s
view of herding elk
into a corral at Daly
Creek during elk
reductions, 1964.
NPS photo

Figure 1.10.
Live-captured elk
were sorted by sex
during preparation
for translocation to
other elk ranges.
NPS photo.

Figure 1.11. A
“squeeze chute”
made it possible to
tag and handle
captured elk prior to
translocation. NPS
photo.

Figure 1.12.
Captured elk were
run through a dip
tank to treat them
for parasites prior
to translocation
(1963). NPS photo.

Figure 1.13.

Elk killed during
reductions were
dragged to loading
point by a tracked
oversnow “weasel."”

NPS photo.
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unpopular or politically difficult such an action
might have been (Pritchard 1996).

The authors of the Leopold Report in 1963
had supported continued reduction of the elk
population, but there was a growing distrust among
some biologists, including Cole, of traditional
interpretations of the condition of the range. There
was little data from unexploited ungulate popula-
tions or from unmanipulated wildland grazing
systems to apply to the Yellowstone situation, so
managers were at a disadvantage in trying to
determine just how a naturally functioning elk
population might interact with its range. Cole and
Anderson realized Yellowstone was a place where
it might be possible to find out how a large
ungulate population interacts with its environment,
and at the same time make advances in understand-
ing the park’s oldest and most bitter wildlife
controversies. Thus was born the natural regula-
tion policy.

The development of the natural regulation
policy has sometimes been mistakenly portrayed as
an “only-option-left” approach, in which National
Park Service managers were simply stonewalling,
or buying time by doing nothing (Chase 1986).
The natural regulation policy has been rhetorically
cast in many other lights, from a great experiment
in progressive wildland management to a simple
effort to avoid confronting an elk overpopulation.
However, a careful review of the administrative
records of this period, as well as a review of the
scientific literature, reveals that in fact National
Park Service managers chose from among several
options, and did not choose the easiest. Pritchard
(1996) has reviewed the decision-making process
by which natural regulation was chosen in the
1960s and early 1970s. Besides continued killing
of elk, managers considered other options, includ-
ing wholesale trapping and redistribution of elk,
experimental neutering of animals, and hunting by
sportsmen. Moreover, by 1967, Yellowstone'’s
chief biologist Glen Cole believed that if the
northern Yellowstone elk herd, whose migrations
were at the time shortstopped at the park boundary
by a “firing line,” were instead allowed to restore
their migratory pattern down the Yellowstone River
Valley, enough of them would leave the park that

public hunting outside the park could readily
control the population as needed. At the same
time, however, Cole brought a fresh perspective on
the elk population’s size. Based on his knowledge
of other animal populations, Cole questioned the
longstanding belief that the elk population was too
large, and forced the dialogues into a new stage,
from which they have not yet emerged. In short,
noticing that the elk population had somehow been
regulated naturally for thousands of years prior to
the arrival of whites, he asked if it might not be
naturally regulated now, given the chance (Cole
1971).

One interesting dimension of natural regula-
tion that has made it controversial is that it in effect
raises questions about the widespread assumption
in traditional wildlife management circles that
wildlife populations must be hunted by humans or
they will overpopulate and destroy their habitat.
However, the National Park Service has never
displayed any inclination to use the success of
natural regulation as a device to criticize hunting
on other public lands. Indeed, historically, hunting
of animals after they leave the park has been
accepted and encouraged by the National Park
Service as an appropriate use of those wildlife
resources.

The idea of natural regulation had not
originated in Yellowstone National Park or in the
National Park Service. In the 1940s and 1950s, a
number of ecological researchers had explored how
populations were regulated; the most notable of
these may have been David Lack, whose book The
Natural Regulation of Animal Numbers, was
published in 1954 (Botkin 1990, Porter 1992,
Pritchard 1996). When Cole came to Yellowstone
and began reconsidering traditional interpretations
of the elk population’s demographics, behavior,
and of the condition of the northern range, he drew
Yellowstone National Park into an ongoing debate
over what regulates animal populations and how
such regulation functions. Now, 30 years after
Cole’s arrival, scientists are still debating many
elements of natural regulation theory (Boyce 1991,
Patten 1993, Krebs 1995, Wagner 1995¢,
Coughenour and Singer 1996a), and Yellowstone

National Park has become a prominent testing
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ground for theoretical exercises in this field, as
well as a continuing forum for debate.

In the early years of the natural regulation
period, National Park Service managers and
biologists decided to test fundamental beliefs about
the northern range by seeing if the elk, left to seek
their own population level, would be “naturally”
regulated. In other words, Cole and his colleagues,
thought that there were possibly two things
operating to control the elk population. The first
was self regulation (the result of some combination
of behavior, physiology, and genetics), which
might work to keep the population at some level
lower than the food supply would allow. The
second was the notion that a combination of
environmental factors, especially winter and food
supply, would act to limit population numbers (it is
interesting to note that they did not consider
predation on elk by native carnivores a significant
factor, but did recognize the importance of human
hunting of elk wintering outside the park).

Allowing the elk population to grow to
whatever size it chose allowed biologists to study
what controls might exist on that population, and to
test ideas about what the most important regulating
factors were. Houston (1976) designed a set of
criteria by which to judge the success or failure of
this test, in terms of changes in vegetation and
interactions between the elk and other grazing
species.

Natural regulation, a term applied to many
wildlife management situations outside of
Yellowstone, has been a hotly contested policy
since its initiation in the park (Cole 1971; Beetle
1974; Peek 1980; Houston 1982; Despain et al.
1986; Kay 1990; Boyce 1991; Patten 1993; Wagner
et al. 1995a; McNaughton 19964, b). The essential
issues in the natural regulation experiment re-
volved around the extent to which the elk popula-
tion would grow, how that growth would be
regulated by range and other environmental
conditions (especially climatic ones), and the
effects of the larger elk population on vegetation.

From 1970 to 1979, National Park Service
ecologist Houston (1982) conducted the first
monitoring and research analysis of the northern
Yellowstone elk herd under natural regulation. A

host of other questions, including the effects of the
elk on other native ungulates and predators, the fate
of other wildlife populations when they were
naturally regulated, and the best long-term manage-
ment goal of the park, have also been important,
and have all to some extent been addressed by
numerous investigators (Barmore 1980; Singer and
Norland 1994; Coughenour and Singer 1996a,
1996b, 1996d).

Houston’s work is now regarded as pivotal in
the process by which earlier management direc-
tions were reconsidered. His book The Northern
Yellowstone Elk: Ecology and Management
(1982), summarized a largely new perspective on
the range and its ungulates, and, as already
mentioned, challenged many previous interpreta-
tions of historical information and ecological
conditions. A central theme of Houston’s work was
that the truly primitive (that is, uninfluenced by
European humans) wildland grazing system was a
thing of the past in almost all of the United States
by the time wildlife ecology and range manage-
ment were professional disciplines. He pointed out
that scientists who had been attempting to measure
the condition of the northern range had never been
exposed to native grazing systems with the full
complement of grazers in place, and therefore had
no clear idea of how those systems worked or what
they typically looked like. He noted that by the
time the first rangeland researchers began working
in the United States, the native grazing system was
already gone, in most cases replaced by domestic
livestock operations with entirely different goals
and effects on the landscape. Out of this realiza-
tion later came the idea that a few places like
Yellowstone, though themselves somewhat altered
by Euramerican activities (such as introduction of
exotic plants and the exclusion of fire), were
probably our best window on the past of North
American grazing systems (Frank 1990, Boyce
1991, Schullery and Whittlesey 1992, Knight
1994).

Houston found that the conclusions made by
earlier authors on how the range “should™ look,
based on commercial grazing criteria rather than on
any clear knowledge of an unmanipulated wildland
range, lacked supporting data. He noted that
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earlier Yellowstone investigators studied only
certain locations, especially near Gardiner, Mon-
tana, where former livestock pastures, elk, deer,
and pronghorn feedgrounds, and other damaged or
altered sites were used to exemplify the condition
of the entire northern range. Many of these sites
were in the Boundary Line Area (BLA), a later
addition of 12,108 acres (4,900 ha) of land along
the park’s north boundary. In these sites, which
had been heavily grazed by livestock for many
years, it was easy to identify signs of excessive
erosion or overgrazing. Houston said that “range
sample units and narrative accounts showed that
earlier interpretations of deterioration of vegetation
on the northern range were based primarily upon
the decrease of aspen, the appearance and utiliza-
tion of herbaceous vegetation on ridgetops and
steep slopes characteristic of about 3% of the area,
and the decrease of big sagebrush in the 1932
addition to the BLA.”

Houston and Meagher reviewed many
historical photographs of the northern range,
returning to those sites to re-photograph them, and
were unable to find evidence of overgrazing in the
photographs. They noticed that steep erodible
slopes that were major sources of sediment (e.g.,
Mt. Everts, Parker Peak, the Grand Canyon of the
Yellowstone River) into northern range streams
looked the same in the early 1870s as they do
today, suggesting that natural erosive processes
were responsible for these local conditions;
unstable slopes would erode whether heavily
grazed or not, and in fact, most of these slopes are
too steep to be grazed at all. Houston wrote, “The
available evidence does not support interpretations
of widespread or accelerated erosion on the area,”
and “Certainly the evidence does not support the
interpretation of progressive pathological range
deterioration.” With the possible exception of the
BLA, which was added to the park after half a
century of commercial livestock grazing and
farming had perhaps irreversibly affected its
vegetation, Houston could not find convincing
visual evidence of overgrazing:

The term “overgrazed™ was loosely

used throughout this period [1930-

1958] to refer to everything from heavy

utilization of cured grass leaves and of
individual plants to presumed retrogres-
sive succession. The term, as used, was
really a subjective assessment that had
little clear biological meaning (Houston
1982).

THE RECENT RESEARCH
INITIATIVE

A hiatus occurred in northern range research
following the completion of Houston’s fieldwork in
1979. Funding was at last provided to hire a new
ungulate ecologist in 1985. In the meantime,
continued public and scientific attention focused on
the range and the elk. Houston’s work had little
impact on public knowledge of the overgrazing
question, because it was published in a technical
form and not widely interpreted for a large audi-
ence, and because some people in the scientific and
range management communities continued to be
vocal in their disapproval of elk management in
Yellowstone National Park. Due to this continued
attention, in 1986, the United States Congress
mandated a major new research initiative to answer
fundamental questions about the condition and
trend of this important park resource.

Fortunately, in 1984, Yellowstone staff had
submitted a proposal for special funding of such
research, and their proposal was selected to be
funded in 1985, so fortuitously, the Congressional
mandate—which was not directly funded by
Congress—could be fulfilled. Congress directed
the National Park Service to “start a study on
Yellowstone to see whether there is evidence of
overgrazing [and] what should be done to avoid
that.” The funding allowed for a number of
contract researchers from outside of federal
agencies to take part in these new investigations of
the range. This was the first time in the history of
the northern range issue that funding existed for
this broad a research initiative.

In the mid-1980s, a series of expert panels
drawn from the university communities of North
America, were convened to define the researchable
questions relating to grasslands, riparian areas, elk,
deer, and pronghorn. The resultant elk study plan,
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for example, was reviewed and commented on by
43 scientists. To further facilitate this initiative, the
Northern Yellowstone Range Working Group,
consisting of representatives of the National Park
Service, U.S. Forest Service, and the Montana
Department of Fish, Wildlife and Parks, was
established to guide research priorities, share
information, and coordinate ongoing monitoring of
ungulate populations.

The process of selection of the university
researchers to receive Congressional funding was
turned over to the University of Wyoming/National
Park Service Research Center. This research
initiative, one of the largest in the history of the
National Park Service, involved scientists from
many universities, institutions, and agencies, and
once again challenged traditional views of the
range. Approximately 60 percent of the funds were
spent on university research projects, with the rest
going to agency projects. In many cases, research
projects were cooperative ventures between
university researchers and agency researchers.

In 1986, the National Park Service initiated a
multidisciplinary, team approach to researching
questions about the success or failure of the natural
regulation experiment. More than 40 projects were
conducted, combining work by resident National
Park Service biologists, university contract
researchers, and researchers from other federal and
state agencies (Figure 1.14). Several other projects
have been funded through sources outside the
National Park Service. Out of this original round
of research came additional work and many
additional scientific publications. Investigators
initially funded by the National Park Service have
continued their work with other funding (including
the National Science Foundation). The reference
list at the conclusion of this book attests to the
extent and productivity of this work. In only ten
years, more peer-reviewed journal articles and
book chapters were published on the northern range
than had appeared in the previous 75 years, and the
production of new publications is on-going.

As an adjunct to this research initiative, and
to facilitate both communication among researchers
and with the public, the National Park Service
hosted a series of workshops and discussion on the
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Figure 1.14 A
radio collaring
study of elk calves
in the late 1980s
revealed that
predators were
responsible for
significant
reduction in the
annual calf crop.
[ U.S. Forest Service
photo by Dan
Tvers.

northern range beginning in 1988 (Appendix A).
In 1991, the National Park Service, with several
cosponsoring agencies and institutions, launched a
biennial scientific conference series, held at
Mammoth Hot Springs. The first conference,
devoted to “plants and their environments,”
resulted in the foremost volume of new research
findings on the northern range published to that
time. The second conference (1993), devoted to
fire research, and the third conference (1995),
devoted to predators, added substantially to those
aspects of studies concerning Yellowstone.

In December 1992, the research division of
Yellowstone National Park completed a large
volume of northern range research reports, submit-
ted by the various investigators funded under the
1986 initiative. Agency cutbacks and reorganiza-
tions resulted in a four-year delay in the release of
this report, which is being published at the same
time as this book. In the meantime, many of the
papers in the report were submitted to peer review,
accepted, and published by professional journals,
so despite the delays, much of the science was
made available to managers and the scientific
community. The following sections deal with
prehistoric and historic conditions on the northern
range, especially related to climate and abundance
of wildlife; grasslands; woody vegetation; erosion
and related watershed issues; ecosystem and
wildlife population questions; and other species of
special concern in northern range management.
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CHAPTER TWO

THE PREHISTORIC
AND EARLY
HISTORIC SETTING

CLIMATE AND THE NORTHERN RANGE

hen discussing the northern range and its issues, the popular and

scientific press have devoted most of their attention to the animals

and plants that inhabit the range. But the fundamental force shaping
the native plant and animal communities of the earth is climate. Because “climate is the
primary determinant of vegetation” (Forman and Godron 1986), it is also the factor
controlling herbivorous animals an ecosystem can support, and therefore what predators
can thrive there as well.

Ecologists sometimes describe an ecosystem as a complex set of “feedback loops”
in which the various elements of the setting interact and influence one another. For
example, climate may dictate what vegetation can grow in an area, but the vegetation, by
shading the soil from sunlight (thus creating various “microclimates™ within the plant
canopy), as well as by providing organic matter to the soil in the form of dead plant
matter, “feeds back™ into the climate-vegetation-soil system. As the soil is affected and
enriched, it hosts different proportions and abundances of vegetation species. Ultimately,
vegetation can even affect climate (Forman and Godron 1986); many vegetation commu-
nities, from the wildest tropical rainforest to the most carefully cultivated cornfield, may
influence atmospheric conditions.

15



THE NORTHERN RANGE

Northern range researchers cannot begin to
fully understand the current climate (or the climate
of the last half of the last century) in Yellowstone
without studying the prehistoric climate, which
Pielou (1991) summarizes succinctly:

The most distinctive climatic

interval of the recent past is the Little

Ice Age, which lasted from about 1350

to 1870 A.D....Glaciers and ice caps

expanded, the ranges of tree species

changed, and human beings adapted to

the sudden cold that followed the Little

Climatic Optimum.

Many Rocky Mountain glaciers
advanced between one and two kilome-

ters, injuring trees in the process. Many

of the trees scarred by ice are still

alive....Trees were also overridden and

killed; broken stumps of some of them

are now exposed where glacier snouts

have receded again, in the climatic

warming that began a little over 100

years ago.

The only perennial ice yielded by

the Little Ice Age was that which was

added to preexisting glaciers and ice

caps. Elsewhere, winters were colder,

summers cooler, and precipitation

greater. Ecosystems of all kinds were

affected, including those with human

beings as members.

It is one of the confounding complications of
understanding Yellowstone vegetation in historic
times that the park was established just as the Little
Ice Age was ending. The park landscape was
emerging from the effects of the colder winters,
cooler summers, and greater precipitation of the
Little Ice Age just as the first scientific observers
arrived. These observers saw, described, and
photographed a Yellowstone that still looked like a
Little Ice Age environment, but was about to
change in response to a new climatic regime.

Yellowstone’s climate today is characterized
by long, cold winters and short, cool summers.
Total annual precipitation is greatest (about 70
inches annually) in the southwest corner of the
park. Elsewhere, the park is mostly in a rain
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shadow and annual precipitation is lower and
averages from 30 to 50 inches, depending on
elevation. The north entrance at the park’s lowest
elevation (5,265 feet) is decidedly semiarid and
only receives 10 to 12 inches of annual precipita-
tion (Despain 1990). Most of the northern range,
to a greater or lesser degree, falls in the semiarid
category, which of course is what defines this
landscape as ungulate winter range.

Climate’s influence on a landscape reaches
far beyond the effects on individual plants and
animals. Climate can cause great fluctuations in
ground water levels and springhead outflows that
can favor or discourage particular plant species
(Figures 2.1, 2.3). Climate is also probably the
foremost factor in a landscape’s fire history.
Evidence of fire history as reflected in sedimenta-
tion (due to postfire mudflows and other large
movements of soil and other material) in northeast-
ern Yellowstone National Park, along with studies
of historic climate records, “imply that the intensity
and interannual variability of summer precipitation
are greater during warmer periods, enhancing the
potential for severe short-term drought, major
forest fires, and storm-generated fan deposition™
(Figure 2.2) (Meyer et al. 1995). This and several
other studies of that portion of the park should,
incidentally, provide some reassurance to people
who were concerned about mudslides having long-
term disastrous effects following the fires of 1988;
such debris flows have been typical postfire events
for thousands of years here but have since reveg-
etated and are rarely recognized as disastrous
events (Balling et al. 1992a, 1992b; Meyer et al.
1992, 1995; Meyer 1993; Bingham 1994; O’Hara
1994).

Rangeland climate is a function of tempera-
ture, moisture, and wind. Climatic variations from
century to century, decade to decade, year to year,
and even day to day, can have significant effects on
the prosperity of a range and its animal inhabitants.
The park’s climate has undergone significant
variations over the past 12,000 years since the end
of the last ice age (Figure 2.2) (Hadly 1990, 1995;
Engstrom et al. 1991, 1994, 1996; Whitlock et al.
1991, 1995; Whitlock 1993; Whitlock and Bartlein
1993; Barnosky 1994, 1996; Mullenders and
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Figure 2.1.

Decreasing groundwater
levels on the northern
range, at the Miller Well
(3 miles north of
Gardiner, Montana),
reveal the apparent
effects of the 1980s
drought. Data courtesy
of Irving Friedman,

U.S. Geological Survey,
retired.

Figure 2.2.
Calibrated calendar-
year chronology of
the variability of
alluvial activity in
northeastern
Yellowstone National
Park for 6,100 years
before present. Note
wetter and drier
climate cycles as
expressed by
changing sagebrush-
grass pollen ratios,
and by large
variations in alluvial
transport. Adapted
with permission from
Meyer et al. (1995).
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Coremans 1996; Mullenders et al. 1996).

But the changes in climate can be surpris-
ingly abrupt and localized. Yellowstone National
Park is large enough and topographically diverse
enough to be characterized by significantly
different climatic regimes in different areas
(Despain 1987, Meyer et al. 1995, Whitlock et al.
1995). At the same time, within a given area the
variations from year to year can be striking:

Summer “monsoonal’ precipitation

is highly variable on small spatial and

temporal scales: thus the potential exists

for severe drought and large fires

followed within a few years by intensive

convective-storm rainfall (Meyer et al.

1995).

The timing of precipitation within a given
year has had profound effects on plant growth.
Studies of Yellowstone sagebrush-grasslands
further indicated that relative productivity of those
areas was more dependent upon winter precipita-
tion than upon temperature and precipitation during
the growing season (Merrill et al. 1993).

It is in this context of great climatic variabil-
ity, both long- and short-term, temporal and spatial,
that several generations of ecologists and managers
have attempted to understand the northern range
and its vegetation-ungulate interactions. It is only
recently, however, that investigators have fully
appreciated the unpredictability of climate, and
have attempted to incorporate that unpredictability
into their thinking. Though public attention on the
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northern range is still focused primarily on animal
numbers, it has become clear to scientists that those
numbers are largely a response to varying climatic
conditions.

Though an appreciation for climatic variabil-
ity and its influences on ecological processes is
essential to an understanding of the northern range,
certain types of variability have attracted more
attention among modern researchers than others.
As will be seen in the following sections of this
report, a key factor being considered in several
northern range issues is changes in climate since
the park’s establishment. The long-term condition
of several key species of plant communities are tied
by investigators to possible effects of changing
climate in Yellowstone.

Long-term precipitation changes can have
profound effects on plant communities we see on
the landscape today. For example, there are few
young Rocky Mountain juniper among stands of
old-growth (400+ years) juniper below 6,500 feet
elevation on the northern range. Rocky Mountain
juniper in the intermountain west are much studied,
and it is well known that they survive best in
landscapes that receive between 16 and 22 inches
of moisture a year (Springfield 1976). The
established old-growth juniper stands on the
northern range are currently living in a precipita-
tion zone that receives less than 14 inches of
moisture a year. However, upslope, between 6,600
to 7,000 feet elevation, juniper are found in many
age groups, including very young plants. It is
logical to assume then, that the 400+ year-old
junipers were established at a time when they were
in a zone that received more than 18 inches of
precipitation. This suggests that the 18-inch
precipitation isobar has moved upslope from
several hundred years ago, and the juniper have
followed it.

A similar manifestation of the variability of
climate on Yellowstone’s plant communities is
found in the current status of tall and robust stands
of willows. In general, tall stands of willows occur
in the park above 6,800 to 7,200 feet, in areas with
at least 20 inches of annual precipitation. Tall and
robust willow stands generally occur above 7,600
feet, in areas with about 30 inches of annual

moisture. Historical photographs of northern range
in the park in the late 1800s, at a time when at least
several thousand elk were wintering in the park,
show tall willows well below 6.800 feet, where
they do not currently exist. This change in willows
might indicate a decline in the annual amount of
moisture over the past 100 years.

While there is considerable uncertainty about
what effects such climatic changes may have on
northern range vegetation, there is no longer any
question that these changes are real and continue
today. Yellowstone is blessed with having detailed
climatic data for the past century (Farnes 1997),
and a variety of other data sets, such as those found
in tree-ring studies, complement the information
base on the park’s climate since its establishment in
1872. Study of these records indicates that over
the course of the twentieth century, summer (i.e.,
fire season) temperatures have been increasing,
January-June precipitation is decreasing, and the
likelihood of major fire seasons is increasing
(Figure 2.4) (Balling et al. 1992a, 1992b). Their
results indicate a decline of 1.6°F (16.9°C) and a
decline of 2.4 inches of precipitation over a 95-year
period.

While these declines may seem small and
insignificant in the Yellowstone area, small
numerical changes may have large effects. As
noted earlier, the difference between 16 and 18
inches of precipitation may be the difference
whether seedling junipers survive or not. Perma-
frost has been observed and studied in, and
adjacent to the park in the Beartooth, North
Absaroka, Washburn and Gallatin ranges (Pierce
1961), at least as low as 6,600 feet elevation. The
mean monthly air temperature in the Lake
Yellowstone area averages 32.8°F (<1°C), and if
Yellowstone’s famous geothermal heat were
ignored for this example, would mean that the Lake
area is only 0.8°F from being permafrost. In
actuality, geothermal heat is fairly common around
the lake so that the mean annual soil temperature at
Fishing Bridge, for example, is 42.1°F (5.6°C)
(Friedman and Norton 1981).

Winter range soil temperatures are generally
cool. Average annual soil temperatures taken for
several years in the mid-1970s on the northern



Figure 2.4 Tracking
of the Palmer
Drought severity
Index (a commonly
used indicator of fire
risk) over the past
century in
Yellowstone shows a
gradual drying trend,
which may have a
variety of effects on
vegetation
communities, as
discussed in this
chapter. Note
especially the extreme
and historically
unprecedented
dryness of 1988, when
Yellowstone
experienced fires on a
scale apparently not
equalled since about

1700. Courtesy of

Grant Meyer,
Middlebury College.
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range in Lamar Valley vary widely: from 39°F
(3.9°C) at the Lamar Ranger Station, to 40.5°F
(4.7°C) at Pebble Creek, to 48.1°F (8.9°C) at the
east end of Lamar Canyon (Friedman and Norton
1981).

It is a matter of some interest whether or not
the changes in climate experienced by Yellowstone
during the 1900s are in part the result of human
influence on the atmosphere. Romme and Turner
(1991) have proposed a series of alternative
scenarios that may arise in the greater Yellowstone
ecosystem as human-caused global climate change
progresses in the future. These scenarios feature
significant changes in vegetation communities,
with consequences ranging from minor to grave for
various mammal species. For example, a slight
warming and drying of the park’s climate will
almost eliminate whitebark pine, an important food
species for grizzly bears and other animals. Yet
another reason to continue the present investiga-
tions of the northern range is the opportunity this
research provides to establish baseline information

against which to measure such changes.

CLIMATE: RESEARCH
RECOMMENDATIONS

Over the past 20 years much of greater
Yellowstone has been subjected to intense scrutiny
using palynological methods to reconstruct
paleoclimates. Particularly well-studied is the area
from central Yellowstone south through the Grand
Tetons. Research needs to be expanded to the north
and east of Yellowstone, especially to understand
more about the very important prehistoric varia-
tions in the Great Plains monsoonal pattern, and
how it has affected the northern range in the past.
A lake on the northern range has been identified as
one of the very few “varved lakes™ known in North
America. Research on this lake could yield
patterns in annual weather and vegetation, at the
very least, back to the Pleistocene. Daily weather
records from many stations in the park are archived
in original hard copy at a facility on the east coast.
These records need to be accessioned and comput-
erized so that the weather during the historic period
can be better understood.
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FIRE AND THE
NORTHERN RANGE

Yellowstone National Park features a variety
of substantially different fire regimes (Despain
1990). These differences might most easily be
shown in the length of a given plant community’s
“fire-return interval,” that being “the amount of
time between successive fires on the same site”
(Despain 1990). The fire-return interval is largely
determined by the age of the vegetation and the rate
at which fuel accumulates, so in a slow-growing
forest the fire-return interval is much longer than in
a shrub community or a grassland. About 80
percent of the park’s forests are lodgepole pine,
which on Yellowstone’s infertile central plateau
have a fire-return interval in excess of 300 years
(Romme and Despain 19895b). Barrett (1994)
reported a considerably shorter fire-return interval,
with a mean interval of 200 years, for lodgepole
pine on more fertile andesitic mountain terrain in
northeastern Yellowstone, and a mean interval of
more than 350 years for high-elevation whitebark
pine forests.

Houston (1973) sampled 40 fire-scarred trees
on the northern range “to reconstruct the frequency
and size of fires during the past 300 to 400 years in
northern Yellowstone National Park.” Houston, by
aging fire scars on trees
adjacent to northern
range plant communi-
ties, was able to
measure the frequency
of fires in the grasslands
adjacent to the trees,
because the trees
regularly survived such
fires and continued to
grow.

Houston (1973)
estimated “mean
adjusted intervals of 20-
25 years between fires”
on the northern range, and suggested that this fire
frequency may have been in part the result of fire-
related activities by Indians, who are believed to

have set fires in other parts of North America for a
variety of purposes, including game drives and
vegetation management (there is as yet no evidence
that Indians regularly set fires in Yellowstone,
either in the grasslands or in the park’s forests).
But fire was suppressed whenever possible on the
northern range after the establishment of
Yellowstone National Park in 1872, and fire has
been to some extent excluded from exercising its
influence on the range since then:

The best interpretation may be that
much of the area would have burned at
least one to four times since the
establishment of the park were it not for
the actions of modern man. Changes
that have occurred in the vegetation
seem best explained by a reduction in
fire frequency but have also occurred
within a fluctuating climate
regime...and with concomitant foraging
by ungulates (Houston 1973).

FIRE: RESEARCH
RECOMMENDATIONS

There have been important advances in
sampling techniques and statistical analyses since
the publication of Houston’s (1973) fire history
study of the northern
range. These advances
are significant enough
to justify a new and
more ambitious fire
history study on this
range, incorporating
Houston’s (1973)
findings. This new
study should have a
larger sample size, and
the collections must be
well referenced
spatially so that we can
better map the approxi-
mate extent of individual fires in the past. It is
possible to collect fire scar samples from large
Douglas-fir trees without killing the tree, and new

Figure 2.5.
Additional research
in fire history
should shed light on
the complex
interactions of
herbivores, climate,
and fire in shaping
vegetation
communities. NPS
photo.
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dendrochronological techniques make it possible to
determine not only the year of a fire but the season.
New statistical models permit calculations of the
probability of fires of various sizes occurring in
any particular year, or the expected interval
between successive fires of various sizes. Such a
study is needed to provide the detailed, site-
specific information on dates of fire occurrence and
intervals between successive fires that is required if
we are to effectively disentangle the relative roles
of elk and fire in suppressing aspen tree regenera-
tion during the early 1800s (Figure 2.5).

PALEONTOLOGY, ARCHEOLOGY,
AND HISTORY OF THE NORTHERN
RANGE: INTRODUCTORY
COMMENTS

Since the turn of the century, a number of
naturalists, ecologists, and other observers have
proposed prehistoric and historical scenarios of
wildlife abundance in the Yellowstone National
Park area. Though there are variations among the
viewpoints, two common positions have emerged.
One is that large mammals were rare or absent
prior to the arrival of European humans in the
greater Yellowstone area, particularly on the
northern range. According to this view, elk and
other ungulates became more abundant on the
northern range after 1870, due to growing human
influences (specifically, Euramericans who settled
the Yellowstone area starting in the 1860s) and loss
of preferred ranges outside the park. The other
view is that large mammals had been abundant in
the present park area for many centuries prior to
1872, using the habitat as climate would allow.

Among the important variants of these
viewpoints are differing positions on how much
these animals used the park in winter. Some
writers, for example, have held that elk were
indeed common in the park area in summer, but
that prior to the settlement of the Yellowstone
River Valley north of the present park, the elk
migrated as much as 70 miles down the valley to
lower country each winter (Cahalane 1941).
However, this seems highly improbable given the

available winter range much closer to and inside
the park (Houston 1982).

The paleontological, archeological, and
historical record of early Yellowstone wildlife must
be used cautiously. Paleontological research on
mammals has just begun, and Cannon (1992)
recently estimated that “less than one percent of the
park (0.19 percent) has been intensively invento-
ried for archeological sites.” Despite this slight
information base, many writers have spoken with
great confidence about what the historic or
prehistoric record “proves™ about the park’s
wildlife populations prior to 1872, but it is rarely
safe to lift single statements out of a specific
publication or source, whether an archeological
study or a historical account, and use that statement
to support a sweeping generalization about
prehistoric wildlife conditions. The work that has
been done so far is, however, revealing and at
times suggestive, and offers important clues, not
only to prehistoric conditions but also to future
questions.

THE PALEONTOLOGICAL
RECORD

Whitlock et al. (1991) and Whitlock (1993)
analyzed pollen records from greater Yellowstone
ponds to determine the pattern of revegetation
following glaciation, and subsequent vegetation up
to the present. Discussing northern range vegeta-
tion, Whitlock et al. (1991) summarized the pollen
record as follows:

The long-term pollen record

suggests that over the past 14,000 years

the magnitude of vegetation change has

been quite great. For the first millen-

nium after glacier retreat, the region

was covered by tundra. As the climate

warmed, spruce, then fir and pine,

formed a subalpine forest, which was

maintained for more than 2,000 years.

Subsequently, with warmer, drier

conditions and frequent fires, lodgepole

pine forest predominated. The present-

day parkland developed in the past

6,700 years, and more directly in the
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last 1,600 years. From this record, we

can infer that climate changes do

ultimately drive the ecosystem.

Millspaugh and Whitlock (1995), based on
studies of charcoal in lake sediments in central
Yellowstone, discovered that even in the shorter
span of the past 750 years, the fire regime, and by
inference the climate, has changed through time:

Small areas in central YNP burned

between c. 1840 and 1987. From c.

1220 to c. 1440 and from c. 1700 to c.

1840, intermediate areas of the region

burned. Between c. 1440 and c. 1700,

large areas burned in c. 1700, c. 1560,

and c. 1440; these episodes were

separated by periods of little burning.

This particular regime, consisting of

punctuated episodes of severe fires, may

have been reestablished in 1988.

Hadly (1990, 1995; Barnosky 1994) con-
ducted the first paleontological study of the
northern range’s prehistoric vertebrate community
from 1987 to 1993 at Lamar Cave, located in the

upper northern winter range about two-and-a-half
miles (four km) east of Tower Junction (Figure
2.6). This site, discovered in 1986, provided a
record of the past 3,200 years of faunal activity
near the cave site, as reflected in 10,597 identifi-
able vertebrate bones (out of hundreds of thousands

of bones present) brought into the cave by pack rats
and a variety of other scavengers and predators
(Hadly 1990, 1995; Barnosky 1994).
Lamar Cave bones suggest a persistent
community of mammals remarkably similar to
today’s, with “6 orders, 16 families, 31 genera, and
40 species” represented (Hadly 1995). In keeping
with local habitats around the cave site and with
typical relative abundance of various species, the
most common mammals were small: montane
vole, Uinta ground squirrel, pocket gopher, bushy-
tailed wood rat (packrat), and deer mouse. “Large
mammals, such as ungulates and carnivores, are
diverse but present in low frequency much as they
are in the present mammalian community™ (Hadly
1995). EIKk, bison, antelope, bighorn sheep, and
mule deer are all present in numerous levels of the
cave strata. Grizzly bear, coyote, beaver, and wolf
all appear in multiple levels as well. Lamar Cave
thus provides incontrovertible evidence that the
large mammals currently occupying the northern
range are native there, and have used the area for
thousands of years as environmental conditions
allowed. Figure 2.6.
Collection of
vertebrate remains at
Lamar Cave:
material excavated
from the cave is
washed through
progressively finer
screens in order to

Inter-
, pretation of
the bones of
small
mammals at
the site

separate all sizes of

suggest that,

bone, from large

thou gh mammal leg bones to
; the finest shrew teeth.
énvironmen- NPS photo.
tal conditions )
- S s 1 & - . .'
have changed P2

over the past
3,200 years,
there is no
reason to
doubt that the
environment
remained hospitable to continued occupation by the
large ungulates. Additional evidence that elk used
the area much as they do now is provided by the
elk bones themselves, most of which are from
young calves, “suggesting past use of the area

around the cave for calving, much as it is used



Figure 2.7.
Archeological
excavation in 1996 of
a cutbank along the
Yellowstone River in
northern Yellowstone
National Park
revealed a bed of
butchered ungulate
bones. Recent
archeological
investigations are
exposing numbers of
ungulate bones left by
prehistoric hunters at
several locations.
NPS photo.
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today” (Hadly 1990).

Wagner et al. (1995a) claimed that Hadly’s
(1990) evidence supported a recent increase in elk
numbers in the Lamar Valley, because the majority
of the elk bones were found in the top layers of the
cave excavation, but this claim is apparently the
result of ignorance of the taphonomy of such
collections, in which the sample size of the larger
bones is insufficient to make such specific interpre-
tations ( E. Hadly, Mont. State Univ., pers.
commun.). The Lamar Cave study does not
provide us with the means to comparing elk
numbers at some prehistoric time with elk numbers
now; it only allows us to establish that elk were
present prehistorically, and that they used the site
much as they use it now.

Other paleontological studies have addressed
issues of vegetation community persistence,
climate, erosion, and fire history, and will be
covered below.

THE ARCHEOLOGICAL RECORD

The archeological record, though still
comparatively slight, agrees with the paleontologi-
cal record that a large variety of native fauna used
the northern range prehistorically. Human occupa-
tion of the greater Yellowstone ecosystem began
more than 10,000 years ago, and the existing
archeological record indicates that humans have at
times used the area’s resources in many ways, from
hunting and gathering to mining obsidian and other
materials for use in weapons and tools (Haines
1977).

Archeology in Yellowstone dates to the
park’s first decade, when Superintendent Norris
noted many remains of Indian structures, some
used for hunting ungulates, but professional
archeological work in the park is a much more
recent development. Malouf (1958) and Hoffmann
(1961), in early surveys of park archeological sites,
reported elk bones of unknown age at a wickiup
site on Lava Creek. Hoffmann (1961) suggested
that the lack of bones in the sites he studied might
be the result of soil conditions; “the sites where
such bone was found are mainly in the northern
part of the Park along the Lamar, Gardner and

Yellowstone Rivers.” He also collected “stone
gravers, tools used to incise bone, from sites along
the Yellowstone River in the area where it leaves
the northern park boundary.” Taylor (1964)
expanded on the work of Malouf and Hoffmann,
reporting few bones but many hunting-related
tools, such as scrapers and projectile points. The
presence of such tools indicates that these early
residents were in fact hunters, and further suggests
that a native fauna must have been present. Wright
(1984) regarded elk as rare prehistorically in
southern Yellowstone and Jackson Hole. At sites
on Swan Lake Flat, south of Mammoth Hot
Springs, Wright found mule deer remains, and
along the Gardner River near Mammoth Hot
Springs he found ungulate and beaver bones
(Wright 1982).

Since these preliminary studies, most of
which investigated only surface finds, more recent
work has begun to reveal a more complete portrait
of prehistoric fauna in and near present
Yellowstone National Park (Figures 2.7 and 2.8).
Cannon (1992) summarized archeological investi-
gations along the shore of Jackson Lake in 1986-
1988 that identified bison bones common at several
locations, as well as elk, moose, mule deer, and




PREHISTORIC AND EARLY HISTORIC SETTING

several predator species. These sites date within
the past 1,500 years. Cannon (1992) also reported
on a prehistoric (about 800 years ago) bison kill
site recently excavated along the north shore of
Yellowstone Lake, and an archeological investiga-
tion near Corwin Springs that revealed elk, bison,
deer, and a canid of unknown species. He found a
variety of ungulate bones, including elk and
bighorn sheep, at sites in excess of 1,000 years old
along the Yellowstone River near Gardiner,
Montana. Allen (U.S. For. Serv., pers. commun.)
reported a variety of ungulate bones at a site on
Sphinx Creek, in Yankee Jim Canyon north of
Yellowstone National Park. More recently,
analysis of blood residue on prehistoric stone
artifacts collected in Yellowstone National Park has
revealed blood from bison, deer, elk, sheep, and
rabbit, as well as from ursids, canids, and felids, at

25

various dates over the past
9,000 years, further proof of
human use of faunal resources
(Figure 2.9) (Cannon and
Newman 1994, Cannon 1995,
Yellowstone Science 1995).

It appears, then, consid-
ering the preliminary stage of
our understanding of
Yellowstone archeology, and
considering the appearance of
ungulate bones in a number of

prehistoric large ungulate
presence is further established
by the archeological record.
Additional paleontology and archeology would be
useful, however, because another interesting and
longstanding archeological issue is the relative
abundance of large mammals in greater
Yellowstone prehistorically.

Several archeologists who have worked in
the greater Yellowstone ecosystem have stated that
elk were rare there prehistorically (Frison 1978,
Cassells 1983, Wright 1984). More broadly, a
number of paleontologists, archeologists, and other
investigators have pointed out that elk are rela-
tively rare in sites in Montana, Wyoming, and
Idaho (Walker 1987, Hadly 1990, Kay 1990,
Cannon 1992). It is uncertain, however, if rarity in
archeological sites is proof of actual rarity during
the times the sites were actively used by humans.
Kay (1990) argued that rarity in archeological sites
reflected actual rarity of elk in the region. Connor

sites on the northern range, that

Figure 2.8.
Archeologists
excavating bison
skull from a site near
that shown in Figure
2.7, along the
Yellowstone River in
northern Yellowstone
National Park. NPS

photo.

Figure 2.9. Five
Yellowsto