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INTRODUCTION

One of the most enduring legends of Yellowstone
National Park involves its beginning. In 1870,
explorers gathered around a campfire at the junction
of two pristine rivers, overshadowed by the towering
cliffs of the Madison Plateau. They discussed what
they had seen during their exploration and realized
that this land of fire and ice and wild animals needed
to be preserved. Thus, the legend goes, the idea of
Yellowstone National Park was born.

It is a wonderful story—and a myth. But
those men were real, and so is this land they
explored. Thanks to their reports and the work
of explorers and artists who followed, the
United States Congress established Yellow-
stone National Park in 1872. The Yellowstone
National Park Act says, in part, that “the
headwaters of the Yellowstone River . . . is
hereby reserved and withdrawn from settle-
ment, occupancy, or sale . . . and dedicated
and set apart as a public park or pleasuring-
ground for the benefit and enjoyment of the
people.” In an era of expansion throughout
the young nation, the federal government had
the foresight to set aside land deemed too
valuable to develop.

For the following 18 years, Yellowstone was
“the national park.” Then in 1890 Congress
established three more national parks:
Sequoia, General Grant (now part of Kings
Canyon), and Yosemite. Mount Rainier fol-
lowed in 1899. In 1906, Congress passed the
Antiquities Act, which gave the president
authority to establish national monuments. By
1914, the United States had 30 national parks
and monuments, each managed separately and
administered by three different federal depart-
ments—Interior, Agriculture, and War. No
unified policy or plan provided for the protec-
tion, administration, and development of these
parks and monuments.

The management of Yellowstone from 1872
through the early 1900s, which is described in
Chapter 1, helped set the stage for the creation
of an agency whose sole purpose was to
manage the national parks. Promoters of this
idea gathered support from influential journal-
ists, railroads likely to profit from increased
park tourism, and members of Congress. The
National Park Service Act was authorized by
Congress and approved by President
Woodrow Wilson on August 25, 1916:

There is created in the Department of
the Interior a service to be called the
National Park Service, [which] . ..
shall promote and regulate the use

of the Federal areas known as national
parks, monuments, and reservations

.. . by such means and measures as
conform to the fundamental purpose
to conserve the scenery and the natural
and historic objects and the wild life
therein and to provide for the enjoy-
ment of the same in such manner and
by such means as will leave them
unimpaired for the enjoyment of future
generations.

The
Beginning
of an Idea

TWO “ORGANIC
ACTS”

The laws creating
Yellowstone National
Park and the
National Park
Service are both
called “The Organic
Act” because each
was significant
enabling legislation.
However, the name
most often refers to
the law that created
the National Park
Service. To avoid
confusion, in this
book we will refer to
the laws by their
official names: The
Yellowstone National
Park Act of 1872 and
The National Park
Service Act of 1916.




The National Park Service (NPS) manages
approximately 83 million acres in 49 states,
the Virgin Islands, Puerto Rico, Guam, and
American Samoa. Delaware is the only state
without an NPS unit.

« National parks are the oldest, most well

Today’s
National
Park System

* Many national memorials fit the descrip-

Units in the National

Park System

Total, as of March 2005:
388

1 International
historic site

3 Natl. battlefield parks

1 Natl. battlefield site

11 Natl. battlefields

42 Natl. historical parks

known part of the system and are usually
areas of spectacular natural scenery
relatively untouched by human develop-
ment. National parks are established by
acts of Congress.

National monuments are areas of historic
or scientific interest established by presi-
dential proclamation.

National historical parks and national
historic sites are both set aside to
commemorate some facet of the history of
the people of those areas.

tion for national historical parks or sites, but
some of these are also set aside because of
important historical issues not specifically
linked to the site of the memorial, such as
Mt. Rushmore and Vietnam Veterans.

Most other types of National Park System
units are well defined by their titles.

77 Natl. historic sites
4 Natl. lakeshores

28 Natl. memorials

9 Natl. military parks

National Park Units Near Yellowstone
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Implementing the NPS Mission
System-wide

The NPS Mission Statement expresses the
dual responsibility of preserving parks in
their natural state (or, at historical areas, to
preserve a scene as nearly as it appeared on

a certain date), and making these areas acces-
sible for public use and enjoyment. These two
fundamental goals can be incompatible and
present difficult choices; two policies provide
some direction:

Natural resources (plants, animals, water,
air, soils, topographic features, paleon-
tologic resources, and esthetic values such
as scenic vistas, natural quiet, and clear
night skies) are managed to maintain,
rehabilitate, and perpetuate their inherent
integrity. Native species that have been
exterminated should be reintroduced and
exotic species eliminated, if possible.
Livestock grazing, hunting, and resource
extraction are prohibited in National Park
System areas, with a few exceptions.

Cultural resources (prehistoric and
historic structures and resources, land-
scapes, archeologic resources, ethnographic
resources, and museum collections) are
preserved.

Individual Parks

To implement these policies, each park unit
prepares a General Management Plan/Master
Plan that outlines management zones. In
Yellowstone:

Natural zones (most of Yellowstone
National Park) protect natural resources and
values. All components and processes of
park ecosystems, including the natural
abundance, diversity, and ecological
integrity of the plants and animals, should
be maintained. Change is recognized as an
integral part of functioning natural systems,
and interference is allowed only under
special circumstances such as emergencies
when human life and property are at stake.

Cultural or historic zones, such as Fort
Yellowstone, preserve cultural resources.
Where compatible with cultural resource
objectives, the policies for natural zones
will be followed. Any action that will
adversely affect cultural resources will
be undertaken only if there is no reasonable
alternative, and all reasonable measures
to limit adverse effects will be taken,
including recovery of data and salvage of
materials.

Mission
Statement of
the National
Park Service

The National Park Service preserves unimpaired

the natural and cultural resources and values of the national
park system for the enjoyment, education, and inspiration of
this and future generations. The Park Service cooperates with
partners to extend the benefits of natural and cultural resource
conservation and outdoor recreation throughout this country

and the world.

* Development zones, such the Old Faithful
area, allow for visitor use. Roads, walks,
buildings, and other visitor and manage-
ment facilities may occupy much of the
zone and the natural aspect of the land may
be altered. However, if a park manager
determines that a resource is or would
become impaired by public use or develop-
ment, the manager may limit public use or
close a specific area.

International Leadership

The National Park Service example has

inspired countries around the world to estab-
lish more than 100 national parks—modeled
in whole or part on Yellowstone National
Park and the National Park Service idea.

Additionally, NPS lends its experienced staff
to other countries to evaluate park proposals,
management plans, and resource issues.

Yellowstone’s Leadership Role

Staff of Yellowstone National Park travel the
world to share their expertise. For example:

* the Chief of Interpretation participated in
training Chinese officials in the role of
education in national parks.

* the Director of Yellowstone Center for
Resources has trained park personnel
throughout Africa on bioprospecting and
benefits-sharing (see Chapter 9).

« staff scientists collaborate with scientists in
Russia to conduct research on brucellosis
(see Chapter 9).

As the first national park, Yellowstone also
continues to be a leader in developing and
implementing policies in the National Park
Service, such as the benefits-sharing policies
mentioned above and described in Chapter 9.

NATIONAL
PARK
SERVICE




Mission
Statement
of
Yellowstone
National
Park

Purpose
Statement

Significance
of
Yellowstone
National Park
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Preserved within Yellowstone National Park are Old Faithful and
the majority of the world’s geysers and hot springs. An outstand-
ing mountain wildland with clean water and air, Yellowstone is
home of the grizzly bear and wolf and free-ranging herds of bison
and elk. Centuries-old sites and historic buildings that reflect

the unique heritage of America’s first national park are also .
protected. Yellowstone National Park serves as a model and
inspiration for national parks throughout the world. The National
Park Service preserves, unimpaired, these and other natural and
cultural resources and values for the enjoyment, education, and
inspiration of this and future generations.

Yellowstone, the world’s first national park:

* preserves geologic wonders, including the world’s most extraordi-
nary collection of geysers and hot springs and the underlying
volcanic activity that sustains them;

* preserves abundant and diverse wildlife in one of the largest
remaining intact wild ecosystems on Earth, supporting unparalleled
biodiversity;

* preserves an 11,000-year-old continuum of human history, including
the sites, structures, and events that reflect our shared heritage; and

this and future generations.

* International symbol of natural

preservation.

* A Biosphere Reserve and a World Heritage

Site (see page 13).

* Contains approximately half of the world’s

hydrothermal features—more than 10,000
—including the world’s largest concentra-
tion of geysers—more than 300.

* Home of the world’s tallest active geyser,

Steamboat, which erupts to more than 300
feet.

* One of the few places in the world with

active travertine terraces.

» Hydrothermal features are hatibats for

microbes that are providing links to primal
life, origins of life, and astrobiology; plus

they are proving useful in solving some of
our most perplexing medical and environ-

mental problems (see Chapter 9).

» With the restoration of the gray wolf in

1995, the park now contains all the large
mammal species known to be present when
European Americans first arrived.

* Protects the gray wolf (federally listed as

endangered and designated experimental
and non-essential in Yellowstone National

* provides for the benefit, enjoyment, education, and inspiration of

Park) and three threatened species—the
grizzly bear, the bald eagle, and the lynx.

Home to one of the largest concentrations
of elk in the world. (Rocky Mountain
National Park also has a large concentration
of elk.)

Only place in the U.S. where bison have
existed in the wild since primitive times.
The early legislation that protected these
bison, the Lacey Act, was one of the
precursors to the Endangered Species Act.

Site of one of the largest volcanic eruptions
in the world, which left behind one of the
largest calderas. (See Chapter 3.)

Site of the spectacular Grand Canyon of the
Yellowstone River. (See Chapter 10.)

Location of largest lake above 7,000 feet in
North America— Yellowstone Lake. (See
Chapter 10.)

Source of two great North American rivers:
two of the three forks of the Missouri River,
and the Snake, which is part of the
Columbia River system. The Yellowstone
River, which begins just south of the park,
is the longest free-flowing river in the U.S.



* About park square mileage and acreage: No area figures for the park have been scientifically verified. The
figures used here have been used for many years and in different references. They differ from the park’s
master deed, which also contains unverified figures. Efforts to confirm the total park area continue.

Park Facts

World'’s first national
park

A designated World
Heritage Site and
Biosphere Reserve

* 2,221,766 acres or
899,139 hectares

63 air miles north to
south (102 km)
54 air miles east to
west (87 km)
96% in Wyoming,
3% in Montana,
1% in Idaho
Highest Point: 11,358
fi. (Eagle Peak)
Lowest Point: 5,282 ft.
(Reese Creek)
Larger than the states
of Rhode Island &
Delaware combined

Approximately 5% of
park is covered by
water; 15% is
grassland; and 80%
is forested

Precipitation ranges
from 10 inches (26
cm) at the north
boundary to 80
inches (205 cm)
in the southwest
corner

Temperatures

Average at Mammoth
Hot Springs:
January: 9°F
July: 80°F

Records:

High: 99°F
(Mammoth, 2002)
Low: —-66°F
(Madison, 1933)
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Frequently
Asked
Questions:
General

How did Yellowstone get its name?

When French-Canadian trappers encountered
the Minnetaree tribe along this river in what is
today eastern Montana, they asked about the
name of the river. The Minnetaree responded
“Mi tse a-da-zi,” which translates as “Rock
Yellow River.” (Historians do not know why
the Minnetaree gave this name to the river.)
The trappers translated this into French—
“Roche Jaune” or “Pierre Jaune.” In 1797,
explorer-geographer David Thomson used the
English version—"“Yellow Stone.” Lewis and
Clark called the Yellowstone River by the
French and English forms. Subsequent usage
formalized the name as “Yellowstone.”

Did other national parks exist before
Yellowstone?

Some sources list Hot Springs in Arkansas as
the first national park—it was set aside in
1832, forty years before Yellowstone was
established—but it was actually the nation’s
oldest national reservation, set aside to pre-
serve and distribute a utilitarian resource (hot
water), much like our present national forests.
In 1921, an act of Congress established Hot
Springs as a national park.

Other sources argue Yosemite was the first
national park, but it was actually a state park.
In 1864, Congress set aside the area surround-
ing the Yosemite Valley and the Mariposa
Grove of Big Trees and gave them to the state
of California to administer for public use and
recreation. In 1890, Congress established

Yosemite as a national park 18 years after it
established Yellowstone National Park.

Is Yellowstone the largest national park?

No. More than half of Alaska’s national park
units are larger, including Wrangell-St. Elias
National Park and Preserve, which is the
largest unit in the National Park System (13
million acres). Until recently, Yellowstone (at
2.2 million acres) was the largest national
park in the contiguous states. But in 1994,
Death Valley National Monument was
expanded and became a national park—it has
more than 3 million acres.

Is Yellowstone considered a federally
designated wilderness?

No. Most of the park was recommended for
this designation in 1972, but Congress has not

acted on the recommendation. See Chapter 9,
“Wilderness.”

How many rangers work in Yellowstone?

Approximately 180 rangers work in the park
during the peak summer season; less than 100
year-round. Park rangers perform duties in
interpretation, education, resource manage-
ment, law enforcement, emergency medical
services, and backcountry operations. Many
other people work in research, maintenance,
management, administration, trail mainte-
nance, fire management, and fee collection.
In total, approximately 800 people are
employed by the National Park Service in
Yellowstone (approximately 387 permanent,
500 seasonal).

The scale of these comparisons is
approximate, and based on a map
produced by the National Park Service.

Yellowstone

What is the highest
peak in
Yellowstone?

Eagle Peak in the
southeastern part of
the park is the high-
est at 11,358 feet.

How cold does
Yellowstone get in
winter?

Average winter highs
are 20-30°F; average
lows are 9-0°F. The
record low was
—66°F (-54°C) at
Madison on February
9, 1933,
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What is the Continental Divide?

Think of the Continental Divide as the

crest of the continent. Theoretically, when
precipitation falls on the west side of the
Divide, it eventually reaches the Pacific
Ocean. When it falls on the east side of the
Divide, it eventually reaches the Atlantic
Ocean. In Yellowstone (as elsewhere), this
ridgeline is not straight. It follows the twists
and turns of the mountains through the south-
western part of the park. Therefore, you cross
the Continental Divide three times while
traveling from the South Entrance over Craig
Pass to Old Faithful.

Why is Yellowstone called a Biosphere
Reserve and a World Heritage Site, and
what do these designations mean?

The United Nations designated Yellowstone
National Park as a Biosphere Reserve and a
World Heritage Site because of the world-
wide significance of its natural and cultural
resources. These designations have nothing to
do with how Yellowstone is managed—the
United Nations has no authority to dictate
federal land management decisions in the
United States—nor do they change the fact
that Yellowstone is under the legal authority
of the United States of America.

The October 26, 1976, United Nations
designation of Yellowstone as a Biosphere
Reserve stated: “Yellowstone National Park is
recognized as part of the international
network of biosphere reserves. This network
of protected samples of the world’s major
ecosystem types is devoted to conservation of
nature and scientific research in the service of
man. It provides a standard against which the
effect of man’s impact on the environment
can be measured.”

The September 8, 1978, United Nations
designation of Yellowstone as a World
Heritage Site, requested by U.S. President
Richard Nixon and Congress, stated:
“Through the collective recognition of the
community of nations . . . Yellowstone
National Park has been designated as a
World Heritage Site and joins a select list of
protected areas around the world whose out-
standing natural and cultural resources form
the common inheritance of all mankind.”

In 1995, Yellowstone was placed on a list of
endangered World Heritage sites in part

because of the proposed New World Mine
outside the Northeast Entrance. In 2003, it
was removed from this list because the mine
was no longer a threat. The park remains a
World Heritage Site.

What is the difference between
a national park and a national forest?

National parks are administered by the
Department of the Interior and national
forests by the Department of Agriculture.
The National Park Service is mandated to
preserve resources unimpaired, while the U.S.
Forest Service is mandated to wisely manage
resources for a variety of sustainable uses.

FAQ:
General

Yellowstone National Park is surrounded by

six units in the national forest system, as memahonzmManand the

shown in the map below. Bocpion s,
www.cr.nps.gov/
WWW.unesco.org/whe
WWw.unesco.org/mab

National Forests of the Greater Yellowstone Ecosystem

MONTANA

WYOMING

|o
215
<<
8|2
=
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FAQ:
Volcanic
Geology

Is Yellowstone a volcano?

Yes, Within the past two million years, many
volcanic eruptions have occurred in the
Yellowstone area—three of them major.

What is the caldera line on the park map?

The caldera line marks the rim of a crater,
or caldera, created by a massive volcanic
eruption in Yellowstone approximately
640,000 years ago. (This date changes as
scientists fine-tune their ability to determine
events in geologic time.) Subsequent lava
flows filled in the crater, and it is now
measured at 30 x 45 miles. Its rim can be
seen from these areas in the park: Mt.
Washburn, Gibbon Falls, Lewis Falls, and
Flat Mountain Arm of Yellowstone Lake.

caldera boundary
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Is Yellowstone’s volcano still active?

Yes. The park’s vast hydrothermal features
attest to the heat still beneath this area.
Numerous earthquakes—1,000 to 3,000 per
year—also reveal activity below ground. The
Yellowstone Volcano Observatory (YVO)
monitors an array of signals to track this
activity. (See page 49 for more about YVO.)

What is a supervolcano?

Some scientists consider Yellowstone to be a
“supervolcano,” which refers to an eruption
of more than 240 cubic miles of magma. Two
of Yellowstone’s three major eruptions met
the criteria. (See Chapter 3.)

Will Yellowstone erupt soon?

There is no evidence that a catastrophic erup-
tion is imminent. Current geologic activity at
Yellowstone has remained relatively constant
since earth scientists first started monitoring
some 30 years ago. Though another caldera-
forming eruption is theoretically possible, it is
very unlikely to occur in the next thousand or
even 10,000 years. Scientists have also found
no indication of an imminent smaller eruption
of lava.

How do scientists know Yellowstone won’t
erupt?

As mentioned earlier, the Yellowstone
Volcanic Observatory has an array of moni-
tors in place throughout the region. These
monitors would detect sudden or strong
movements or shifts in heat that would indi-
cate increasing activity. No such evidence
exists at this time.

In addition, YVO scientists collaborate with
scientists from all over the world to study and
assess the hazards of the Yellowstone vol-
cano. To learn more about Yellowstone’s
volcanic past, to view current data about
earthquakes, ground movement, and stream
flow, visit the YVO website at
http://volcanoes.usgs.gov/yvo/.

What is Yellowstone National Park doing
to stop or prevent an eruption?

Nothing can be done to prevent an eruption.
The temperatures, pressures, physical charac-
teristics of partially molten rock and immen-
sity of the magma chamber are beyond
human ability to impact—much less control.

If Old Faithful Geyser quits erupting,
would that be a sign the volcano is about to
erupt?

All geysers are highly dynamic, including
Old Faithful. We expect Old Faithful to
change in response to the ongoing geologic
processes associated with mineral deposition
and earthquakes. Thus, a change in Old
Faithful Geyser will not necessarily indicate a
change in volcanic activity.


http://volcanoes.usgs.gov/yvo/

Why are geysers in Yellowstone?

Yellowstone’s volcanic geology provides the
three components for geysers and other
hydrothermal features: heat, water, and a natu-
ral “plumbing” system. Magma beneath the
surface provides the first ingredient: heat.
Ample rain and snowfall supply the second
ingredient: water. The water seeps several
thousand feet (more than a kilometer) below
the surface where it is heated. Underground
cracks and fissures form the third ingredient:
plumbing. Hot water rises through the plumb-
ing to surface as hydrothermal features in
Yellowstone. Geysers occur when that plumb-
ing is constricted (see Chapter 3).

What exactly is a geyser basin?

A geyser basin is a geographically distinct
area that contains a “cluster” or array of
hydrothermal features that may include gey-
sers, hot springs, mudpots, and fumaroles.
These distinct areas often (but not always)
occur in topographically low places because
hydrothermal features tend to be concentrated
around the margins of lava flows and in areas
of faulting.

Why can’t I bring my dog on geyser basin
trails?

Dogs do not seem to recognize the difference
between hot and cold water. Dogs have died
diving into hot springs. They also disturb
wildlife and are prohibited from all park
trails. Pets must be kept on a leash at all
times. Ask at a visitor center where you can
safely and legally walk a pet.

Is it really dangerous to walk off the board-
walks in geyser basins?

YES! Geyser basins are constantly changing.
Boiling water surges just under the thin crust
of most geyser basins, and many people have
been severely injured (second and third
degree burns) when they have broken through
the fragile surface. Some people have died
from falling into hydrothermal features.

Why can’t I smoke in the geyser basins?

Litter of any kind can clog vents, thus altering
or destroying hydrothermal activity. Cigarette
butts quickly accumulate if smoking is
allowed. Also, sulfur deposits exist in these
areas, and they easily catch fire, producing
dangerous—sometimes lethal—fumes.
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Were Native Americans afraid of geysers?
The associated tribes of Yellowstone state
their people have used the park as a place to
live, to collect food and other resources, and
as a passage through to the bison hunting
grounds of the Great Plains. Archeologists
and historians have also uncovered ample
evidence that people lived in and visited
Yellowstone for thousands of years before
historic times. See Chapter 1 and 8 for more
about Native Americans in Yellowstone.

——

FAQ:
Hydrothermal
Geology

See Chapters 2-4 for
more information about
geology in Yellowstone.
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FAQ:
Wildlife

See Chapter 7 for more
information about
wildlife in Yellowstone.
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Where are the bears?

People who visited Yellowstone prior to the
1970s often remember seeing bears along
roadsides and within developed areas of the
park. Although observing these habituated
bears was very popular with park visitors, it
was not good for the people or the bears (see
Chapter 9). In 1970, the park initiated an
intensive bear management program to return
the grizzly and black bears to
feeding on natural food
sources and to reduce
" bear-caused human
injuries. Among the
measures: garbage cans
were bear-proofed and
garbage dumps within the

m park were closed.

2 /% Bears are still sometimes seen

near roads and they may be
viewed occasionally in the wild. Grizzly
bears are active primarily at dawn, dusk, and
night. In spring, they may be seen around
Yellowstone Lake, Fishing Bridge, and the
East Entrance due to the trout spawning
creeks in these areas. In mid-summer, they
are most commonly seen in the meadows
between Tower—-Roosevelt and Canyon, and
in the Lamar Valley. Black bears are most
active at dawn and dusk, and sometimes dur-
ing the middle of the day. Look for black
bears in open spaces within or near forested
areas. Black bears are most commonly
observed between Mammoth, Tower, and the
Northeast Entrance.

Where can I see wildlife?

It helps to know the habits and migration
patterns of the animals you want to see and
the habitats in which they live. For example,
bighorn sheep are adapted to live on steep
terrain; so you might see them on cliffs in the
Tower area. Osprey eat fish, so you would
expect to see them along rivers. “Yellowstone
Today,” the park’s newspaper, provides
general guidelines for wildlife watching and
information about the park’s wolves. Rangers
at the visitor centers can also provide local
details. Reference lists at the end of chapters
7 & 9 provide further sources of information
about Yellowstone’s wildlife. You’ll find
more on the park’s official website,
www.nps.gov/yell.

What is the difference between a bison and
a buffalo?

None. In North America, both terms refer to
the American bison; the scientific name is
Bison bison. Early European explorers called
this animal by many names. Historians
believe that the term “buffalo” grew from the
French word for beef, “boeuf.” Some people
insist that the term “buffalo” is incorrect
because the “true” buffalo exist on other
continents and are only distant relatives.
However, “buffalo” is used for less formal,
everyday use; “bison” is preferred for scien-
tific use. In this book, we use “bison.”

Why is fishing lead-free in Yellowstone?

Scientific evidence continues to mount
regarding the dangers of lead concentrations
in aquatic environments. Birds, such as loons,
waterfowl, cranes, and shorebirds, are
vulnerable to lead poisoning. Of particular
concern in Yellowstone are the alarmingly
low populations of trumpeter swans and
loons. We strive to maintain viable breeding
populations of these sensitive birds. While we
can do little about natural hazards, we can
minimize the effects of lead on these species.
Yellowstone National Park bans most lead
tackle. (Terminal tackle must be lead-free;
sinkers used to fish for deep-dwelling lake
trout are permissible because they are too
large to be ingested.)


http://www.nps.gov/yell

How much of the park burned in 1988?

The 1988 fires affected 793,880 acres or

36 percent of the park. Most of these acres
sustained ground surface burns. Five fires
burned into the park that year from adjacent
public lands, including the largest, the North
Fork fire. It started from a discarded cigarette
and burned more than 410,000 acres.

Could the fires have been predicted? How
were weather conditions different than in
previous years?

Yellowstone usually experiences afternoon
showers three or four days each week during
the summer, but in 1988 no rain fell for
almost three months. The most severe
drought in the park’s recorded history
occurred that summer. Also, a large number
of lightning strikes came with a series of dry
storm fronts. This lightning started many of
the fires and storm fronts stoked them with
particularly high and sustained winds.

Could the fires have been put out?

It is possible that the few fires that started in
early June might have been extinguished.
However, between 1972 and 1987, the aver-
age fire had gone out naturally after burning
only one acre. So, while the early fires were
monitored closely and some were contained
from going out of the park, the history of fire
behavior in Yellowstone, coupled with an
abnormally wet spring, suggested these fires
would go out as previous fires had. After July
15, all fires were fought aggressively from
the moment they were detected. Despite the
largest firefighting effort in the history of the
nation, weather finally contained the fires
when snow fell in September.

Did Yellowstone’s fire management policy
change after the fires of 1988?

After 1988, the fire policy underwent exten-
sive review and a revised Fire Management
Plan was implemented in 1992. As before,
fires that threaten life and property and fires
that are human-caused will be suppressed
immediately. Plus, even naturally ignited
(lightning-caused) fires may be put out if they
do not meet all the criteria to be allowed to
burn. The National Fire Plan 2000 was
implemented late in 2000 in response to the
extensive fire season that summer (see
Chapter 6).

How does fire benefit Yellowstone?

Fires are a natural part of the Northern
Rockies ecosystem. Vegetation in the Greater
Yellowstone Ecosystem has adapted to fire
and in some cases may be dependent on it.
Fire promotes habitat diversity by removing
the forest overstory, allowing different plant
communities to become established, and
preventing trees from becoming established
in grassland. Fire increases the rate that
nutrients become available to plants by
rapidly releasing them from wood and forest
litter and by hastening the weathering of soil
minerals. This is especially important in a
cold and dry climate like Yellowstone’s,
where decomposition rates are slower than in
more hot and humid areas.

In addition, the fires of 1988 provided a rare
natural laboratory for scientists to study the
effects of fire on an ecosystem.

FAQ:
Fires of
1988

See Chapter 6 for more
information about fire

ecology, management,
and the fires of 1988.
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HISTORY OF THE PARK

The human history of the Yellowstone region
goes back more than 11,000 years. How far
back is still to be determined, but humans
probably were not here when the entire area
was covered by ice caps and glaciers. The
last period of ice coverage ended approxi-
mately 14,000 years ago—and sometime
after that, humans arrived here.

The Earliest Humans in Yellowstone

Human occupation of the greater Yellowstone
area seems to follow environmental changes
of the last 15,000 years. Glaciers and a continental ice cap covered
most of what is now Yellowstone National Park. They receded
approximately 14,000 B.P. (before present) and left behind rivers and
valleys that people could follow in pursuit of Ice Age mammals such
as the mammoth and the giant bison.

The first people arrived in this region sometime before 10,000 B.P.
Archeologist have found little physical evidence of their presence
except for their distinctive stone tools and projectile points. From
these artifacts, scientists surmise that they hunted mammals and ate
berries, seeds, and roots.

As the climate in the Yellowstone region warmed and dried, the
animals, vegetation, and human lifestyles also changed. Large Ice
Age animals that were adapted to cold and wet conditions became
extinct. The glaciers left behind layers of sediment in valleys in which
grasses and sagebrush thrived and pockets of exposed rocks that
provided protected areas for aspens and fir to grow. The uncovered
volcanic plateau sprouted lodgepole forests. By about 7,000 B.P.,
people had adapted to these changing conditions. They could no
longer rely on large mammals for food. Instead, smaller animals such
as deer and bighorn sheep became more important in their diet as did
plants such as bitterroot and prickly pear. They may have also
established a distinct home territory in the valleys and surrounding
mountains.

Knife (9350 B.P) from the
Yellowstone National Park
Museum Collection
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Paleolndian Period

Archaic Period

Folsom people were in the
greater Yellowstone area as
early as 10,900 B.P—the

'd'd 0002

date of an obsidian A site on the shore of Yellowstone Vegetation similar to what we
Folsom projectile point Lake was excavated in 2000 and find today begins to appear.
found near Pinedale, 2002, and dated to 9350 B.P. The Sites reveal earth ovens used
Wyoming. points had traces of blood from for preparing food. Food used
Sites along the Canyon rabbit, dog, deer, and bighorn. included meat, roots, seeds.
to Lake Road yielded People seem to have occupied Projectile points begin to be
Paleolndian artifacts. this site for short, seasonal notched.
periods.
Hell Gap Point,
9600-10,000 B.P

This favorable climate would continue more
than 9,000 years. Evidence of these people in
Yellowstone remained uninvestigated, even
long after archeologists began excavating
sites elsewhere in North America.
Archeologists used to think high regions such
as Yellowstone were inhospitable to humans
and thus, did little exploratory work in these
areas. However, park superintendent Philetus
W. Norris (1877-82) found artifacts in
Yellowstone and sent them to the Smith-
sonian Institution in Washington, D.C. Today,
archeologists study environmental change as
a tool for understanding human uses of areas
such as Yellowstone.

About 1,100 archeological sites have been
documented in Yellowstone National Park,
with the majority from the Archaic period.
Sites contain evidence of successful hunts for
bison, sheep, and elk.

Campsites and trails in Yellowstone (see map
next page) also provide evidence of early use.
Some trails have been used by people since
the Paleolndian period.

No scientific evidence conclusively connects
prehistoric tribes with historic people such as
the Crow and Sioux, but oral histories pro-
vide links. For example, the oral tradition of
the Salish places their ancestors in this region
several thousand years ago. The Shoshone
say they originated here.

Increased Use

People seem to have increased their use of
the Yellowstone area beginning about 3,000
years ago. During this time, they developed
the bow and arrow, which replaced the atlatl,

Obsidian Cliff, a major source of obsidian for western North Py T i
America, was designated a National Historic Landmark in June Or spear :thrower, !hdl had been used for thou-
1996. sands of years. With the bow and arrow, peo-

ple hunted more efficiently. They also devel-
oped sheep traps and bison corrals. Remains
of sheep traps are assumed to have existed in
the mountains of Yellowstone at least prior to

continued on page 22



Archaic Period Prehistoric Period
Beginning 9000 B.P. until 1000
A.D., people leave traces of
camps on shores of
Yellowstone Lake.
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Oral histories of the Salish place their

ancestors in the Yellowstone area.
After 1500 B.P, bow and arrow replaces atlat!
(throwing spear); sheep traps (in the mountains)
and bison corrals (on the plains) begin to be used
in the Rocky Mountain region.
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Obsidiin Cliff
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Bannock Trail
The Bannock Trail probably was used off and on for centuries. Its current name
comes from the frequent use in the 1800s by the Bannock, who crossed the
Yellowstone Plateau to reach the plains east of the park to hunt bison after the
animal had been exterminated from the tribe’s homeland, the Snake River Plains.
They crossed the Yellowstone River upstream from its confluence with Tower
Creek. Many people have thought this ford was an ancient crossing. However,
archeological investigations have found no evidence of repeated, long-term use.
Ethnographers are consulting with tribes to find out if their traditions include
information on the ford. (See Chapter 8 for more about archeological and ethno-
graphic approaches to cultural resources.)

msmmmn  Bannock Trail
— Other Trails

- = « POSSibIE Trail

B Lakes

" Rivers
4’. Hydrothermal Areas

Map adapted from “Fear or Reverence? Native Americans and the Geysers of
Yellowstone,” by Joseph Weixelman, Yellowstone Science, Fall 2001.

History

Determining Dates
Archeologists in this
region commonly use
two techniques to
date their findings:
Radiocarbon dating
measures the amount
of carbon 14 remain-
ing in an organic
sample, usually
charcoal or bone.
Atmospheric radio-
carbon enters the life
cycle of plants and
animals during respi-
ration. After death,
carbon 14 no longer
enters the organism
and begins to decay
at a known rate.
Sophisticated equip-
ment measures the
amount of remaining
carbon 14, which is
used to calculate the
time since death.
Obsidian hydration
measures the rate
obsidian absorbs
water at its surface,
which is dependent
on temperature.
Measuring the thick-
ness of the hydration
layer determines an
artifact’s date of
manufacture.
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History of
the Park

Tribes used hydrothermal
sites ceremonially and
medicinally. The Mud
Volcano area was
especially significant for
the Kiowa. Their tradition
says that a hot spring
called Dragon’s Mouth
(below) is where their
creator gave them the
Yellowstone area for their
home. The Crow also have
stories about this feature.

Oral histories of the Kiowa place their
ancestors in the Yellowstone area from
this time through the 1700s.

the 1988 fires; bison corrals were used in the
Yellowstone River valley north of the park.

This increased use of Yellowstone may have
occurred when the environment was warmer,
favoring extended seasonal use on and around
the Yellowstone Plateau. Archeologists and
other scientists are working together to study
evidence such as plant pollen, landforms, and
tree rings to understand how the area’s envi-
ronment changed over time.

The Little Ice Age

Climatic evidence has already confirmed
the Yellowstone area experienced colder
temperatures during what is known as the
Little Ice Age—mid-1400s to mid-1800s.
Archeological evidence indicates fewer
people used this region during this time.
Campsites appear to have been used by
smaller groups of people, mostly in the
summer. Such a pattern of use would make
sense in a cold region where hunting and
gathering were practical for only a few
months each year. The Shoshone say
family groups came to Yellowstone to gather
obsidian, which they used on site to field
dress buffalo.

Little Ice Age begins.
North American tribes begin
acquiring horses in the mid- to
late 1600s.

Ancestors of the Crow may

have come into Yellowstone
during this time.

Historic Tribes

Tribal oral histories indicate more extensive
use during the Little Ice Age. Kiowa stories
place their ancestors here from around A.D.
1400 to A.D. 1700. Ancestors to contempo-
rary Blackfeet, Cayuse, Coeur d’Alene,
Bannock, Nez Perce, Shoshone, and
Umatilla, among others, continued to travel
the park on the already established trails.
They visited geysers, conducted ceremonies,
hunted, gathered plants and minerals, and
engaged in trade. Some tribes used the
Fishing Bridge area as a rendezvous site.

The Crow occupied the country generally
east of the park, and the Blackfeet occupied
the country to the north. The Shoshone,
Bannock, and other tribes of the plateaus to
the west traversed the park annually to hunt
on the plains to the east. Other Shoshonean
groups hunted in open areas west and south
of Yellowstone.

In the early 1700s, some tribes in this region
began to acquire the horse. Some historians
believe the horse fundamentally changed
lifestyles because tribes could now travel
faster and farther to hunt bison and other
animals of the plains. However, the horse
does not seem to have changed the tribes’
traditional uses of the Yellowstone area.

The “Sheep Eaters”

Some groups of Shoshone who adapted to a
mountain existence chose not to acquire the
horse. These included the Sheep Eaters, or
Tukudika, who used their dogs to transport
food, hides, and other provisions.

Sheep Eaters acquired their name from the
bighorn sheep whose migrations they fol-
lowed. Bighorn sheep were a significant part
of their diet, and they crafted the carcasses
into a wide array of tools and implements.
For example, they made bows from sheep
horn made pliable from soaking in hot
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Lakota Sioux begin exploring
the Yellowstone area.
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Fur traders travel the rivers into the
Yellowstone region.

The Lewis and Clark Expedition,
which bypasses Yellowstone.

John Colter explores part of
Yellowstone.

springs. They traded these bows, plus
clothing and hides, to other tribes.

European Americans Arrive

In the late 1700s, fur traders traveled the
great tributary of the Missouri River, the
Yellowstone, in search of Native Americans
to trade with. They called the river by its
French name, “Roche Jaune.” As far as we
know, pre-1800 travelers did not observe the
hydrothermal activity in this area but they
probably learned of these features from
Native American acquaintances.

The Lewis and Clark Expedition, sent by
President Thomas Jefferson to explore the
newly acquired lands of the Louisiana
Purchase, bypassed Yellowstone. They had
heard descriptions of the region, but did not
explore the Yellowstone River beyond what is
now Livingston, Montana.

A member of the Lewis and Clark
Expedition, John Colter, left that group
during its return journey to join trappers in
the Yellowstone area. During his travels,
Colter probably skirted the northwest shore
of Yellowstone Lake and crossed the Yellow-
stone River near Tower Fall, where he noted
the presence of “Hot Spring Brimstone.”

Not long after Colter’s explorations, the
United States became embroiled in the War
of 1812, which drew men and money away
from exploration of the Yellowstone region.
The demand for furs resumed after the war
and trappers returned to the Rocky Mountains
in the 1820s. Among them was Daniel Potts,
who also published the first account of
Yellowstone’s wonders as a letter in a
Philadelphia newspaper (see quote at right).

Jim Bridger also explored Yellowstone during
this time. Like many trappers, Bridger spun
tall tales as a form of entertainment around
the evening fire. His stories inspired future
explorers to discover the truth.

The War of 1812.
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Trappers return to
Yellowstone area. ' Trapper era ends. '

Little Ice Age ends,

Trapper Osborne Russell encounters :
climate warms.

Sheep Eaters in Lamar Valley.

History

As quickly as it started, the trapper era ended.
By the mid-1840s, beaver became scarce and
fashions changed. Trappers turned to guiding
or other pursuits.

Looking for Gold

During 18631871, prospectors crisscrossed
the Yellowstone Plateau every year and
searched every crevice for gold and other
precious minerals. Although gold was found
nearby, no big strikes were ever made inside
what is now Yellowstone National Park.

Expeditions “Discover” Yellowstone

Although Yellowstone had been thoroughly
tracked by trappers and tribes, in the view of
the nation at large it was really “discovered”
by formal expeditions. The first organized
attempt came in 1860 when Captain William
F. Raynolds led a military expedition, but it
was unable to explore the Yellowstone
Plateau because of late spring snow. The
Civil War preoccupied the government
during the next few years. Afterward, several
explorations were planned but none actually
got underway.

Wickiups provided
temporary shelter for some
Native Americans while
they were in Yellowstone.
A few, probably built in the
1800s, remain standing in
the park.

On the south border of
this lake is a number
of hot and boiling
springs some of water
and others of most
beautiful fine clay and
resembles that of a
mush pot and throws
its particles to the
immense height of
from twenty to thirty
feet in height.

—ifrom trapper Daniel Potts,
in a letter to a Philadelphia
newspaper, 1827
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History

This photo of Tower Fall
was one of many taken
by W.H. Jackson during
the 1871 Hayden
Survey. His photos
helped to bring public
attention to the wonders
of Yellowstone. Both the
1870 and 1871 expedi-
tions spread the word
through news-paper and
magazine articles,
speaking tours, and
other publicity.
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The 1860s
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Gold strike northwest of Yellowstone.

v Civil War begins.

First organized expedition attempts but fails to
explore the Yellowstone Plateau.

The 1869 Folsom-
Cook-Peterson
Expedition

In 1869, three mem-
bers of one would-be
expedition set out on
their own. David E.
Folsom, Charles W.
Cook, and William
Peterson ignored the
warning of a friend
who said their jour-
ney was “the next
thing to suicide”
because of “Indian
trouble” along the
way. From Bozeman,
they traveled down
the divide between
the Gallatin and
Yellowstone rivers,
crossed the mountains
to the Yellowstone
and continued into the
present park. They observed Tower Fall, the
Grand Canyon of the Yellowstone—"this
masterpiece of nature’s handiwork™—contin-
ued past Mud Volcano to Yellowstone Lake,
then south to West Thumb. From there, they
visited Shoshone Lake and the geyser basins
of the Firehole River. The expedition updated
an earlier explorer’s map (DeLacy, in 1865),
wrote an article in Western Monthly maga-
zine, and refueled the excitement of scientists
who decided to see for themselves the truth
of the party’s tales of “the beautiful places we
had found fashioned by the practiced hand of
nature, that man had not desecrated.”

The 1870
Washburn-Langford-Doane Expedition

In August 1870, a second expedition set out
for Yellowstone, led by Surveyor-General
Henry D. Washburn, politician and business-
man Nathaniel P. Langford, and attorney
Cornelius Hedges. Lt. Gustavus C. Doane
provided military escort from Fort Ellis
(near present-day Bozeman, Montana). The
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Folsom-Cook-Peterson

Civil War ends.

explorers traveled to Tower Fall, Canyon, and
Yellowstone Lake, followed the lake’s eastern
and southern shores, and explored the Lower,
Midway, and Upper geyser basins (where
they named Old Faithful). They climbed
several peaks, descended into the Grand
Canyon of the Yellowstone, and attempted
measurements and analyses of several of the
prominent natural features.

The 1871 Hayden Expedition

Ferdinand V. Hayden, head of the U.S.
Geological and Geographical Survey of the
Territories, led the next scientific expedition
in 1871, simultaneous with a survey by the
U.S. Army Corps of Engineers.

The Hayden Survey brought back scientific
corroboration of the earlier tales of thermal
activity. The expedition gave the world an
improved map of Yellowstone and visual
proof of the area’s unique curiosities through
the photographs of William Henry Jackson
and the art of Henry W. Elliot and Thomas
Moran. The expedition’s reports excited the
scientific community and aroused even more
national interest in Yellowstone.

1872—Birth of a National Park

The crowning achievement of Yellowstone’s
explorers was helping to save Yellowstone
from private development. They promoted a
park bill in Washington in late 1871 and early
1872 that drew upon the precedent of the
Yosemite Act of 1864, which reserved
Yosemite Valley from settlement and
entrusted it to the care of the state of
California. To permanently close to settle-
ment an expanse of the public domain the
size of Yellowstone would depart from the
established policy of transferring public lands
to private ownership. But the wonders of
Yellowstone—shown through Jackson’s
photographs, Moran’s paintings, and Elliot’s
sketches—had caught the imagination of both
the public and Congress. On March 1, 1872,
President Ulysses S. Grant signed the
Yellowstone National Park Act into law. The
world’s first national park was born.



The 1870s
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Yellowstone National Park Act
establishes the first national park.

First Hayden expedition.

Washburn-Langford-Doane expedition;
Old Faithful Geyser named.

The Formative Years

The park’s promoters envisioned Yellowstone
National Park would exist at no expense to
the government. Nathaniel P. Langford,
member of the Washburn expedition and
advocate of the Yellowstone National Park
Act, was appointed to the unpaid post of
superintendent. Because he received no
salary, he earned his living elsewhere. He
entered the park twice during five years in
office—as part of the 1872 Hayden expedi-
tion and to evict a squatter in 1874. His task
was made more difficult by the lack of laws
protecting wildlife and other natural features.

Political pressure forced Langford’s removal
in 1877. The next year, Congress authorized
a salary for the next superintendent and
appropriations “to protect, preserve, and
improve the Park.”

Philetus W. Norris was appointed the second
superintendent. He constructed roads, built a
park headquarters at Mammoth Hot Springs,
hired the first “gamekeeper,” and waged a
difficult campaign against hunters and
vandals. Much of the primitive road system
he laid out remains today as the Grand Loop
Road. Through constant exploration, Norris
also added immensely to geographical knowl-
edge of the park.

Norris’s tenure occurred during an era of
warfare between the United States and many
Native American tribes. To reassure the
public that they faced no threat from these
conflicts, he promoted the idea that Native
Americans shunned this area because they
feared the hydrothermal features, especially
the geysers. This idea belied evidence to the
contrary from trappers and early explorers,
but the myth spread.

Norris fell victim to political maneuvering
and was removed from his post in 1882. He
was succeeded by three powerless superin-
tendents who could not protect the park.

L8l

History

Nez Perce (Nee-me-
poo) fiee U.S. Army
through Yellowstone.

Even when ten assistant superintendents were
authorized to act as police, they failed to

stop the destruction of wildlife. Poachers,
squatters, woodcutters, and vandals ravaged
Yellowstone.

During the early years, visitation remained low because access to and
travel within the park were difficult. Visitors either had to transport them-
selves or patronize one of the costly transportation enterprises. Once in the
park, they found only a few concessioners providing food and minimal
sleeping accommodations. Access improved in 1883 when the Northern
Pacific Railroad reached Cinnabar, Montana, a new town near the north
entrance of Yellowstone.

A typical tour began when visitors descended from the train in Cinnabar,
boarded large “tally ho™ stagecoaches (above), and headed up the scenic
Gardner River Canyon to Mammoth Hot Springs. After checking into the
large hotel, they spent the afternoon touring the hot springs. For the next
four days, tourists bounced along in passenger coaches called “Yellowstone
wagons,” which had to be unloaded at steep grades. Each night visitors
enjoyed a warm bed and a lavish meal at a grand hotel.

These visitors carried home unforgettable memories of experiences

and sights, and they wrote hundreds of accounts of their trip. They recom-
mended the tour to their friends, and each year more of them came to
Yellowstone to see its wonders themselves. When the first automobile
entered in 1915, Yellowstone truly became a national park, accessible to
anyone who could afford a car:
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The 1880s & 1890s
;
b3
- Poacher Ed Howell captured; National Park
. Northern Pacific Railroad reaches Protection Act (Lacey Act) passed.
H,story the North Entrance of the park.
The U.S. Army arrives to
administer the park. They
stay until 1918.
1886—The Army Arrives
o e = "‘-’qw‘%sﬁfgs' = In 1886 Congress refused to appropriate
[ i Bear @ money for ineffective administration. The
j ‘ Batebod Secretary of the Interior, under authority
: | :, given by the Congress, called on the
I N : Secretary of War for assistance. On August
‘ L : 20, 1886, the U.S. Army took charge of the

In August 1877, the Nez Perce crossed Yellowstone as they fled the U.S. Army. The dotted line on
the map traces their 1,170 mile ill-fated fiight from Oregon to the end near Canada.

Flight of the Nez Perce

Summer 1877 brought tragedy to the Nez Perce (or, in their language,
Nimiipu or Nee-Me-Poo). A band of 800 men, women, and children—plus
almost 2,000 horses—left their homeland in what is now Oregon and Idaho.
Settlers were moving into their homeland and the U.S. Government was try-
ing to force them onto a reservation. At Big Hole, Montana, many of their
group, including women and children, were killed in a battle with the Army.
The remainder of the group continued fleeing, and entered Yellowstone
National Park on the evening of August 23rd. During the two weeks they
crossed the park, the Nez Perce encountered all 25 people known to be visit-
ing the new park at that time, some more than once. Warriors took hostage or
attacked several of these tourist parties. The group continued traveling
through the park and over the Absaroka Mountains into Montana. The Army
stopped them near the Bear’s Paw Mountains, less than 40 miles from the
Canadian border. Some Nez Perce escaped into Canada, but after fierce fight-
ing and a siege, the rest of the band surrendered on October 5. This is where
it is believed that Chief Joseph said, “From where the sun now stands, I will
fight no more forever.” The 1,170-mile flight had ended.

Today, the flight of the Nez Perce is commemorated at 38 sites in Washington,
Oregon, ldaho, and Montana as part of the Nez Perce National Historical
Park. Some of these sites are shown above; to learn more about the Nez
Perce National Historic Trail, visit the website at www.fs.fed.us/npnht.
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administration and protection of Yellowstone.

The Army strengthened regulations, posted
them around the park, and enforced them.
Troops guarded the major attractions and
evicted troublemakers, and cavalry patrolled
the vast interior of the park.

The most persistent menace came from
poachers, whose activities threatened to
exterminate animals such as the bison. In
1894, soldiers arrested a man named Ed
Howell for slaughtering bison in Pelican
Valley. The maximum sentence possible was
banishment from the park. A journalist was
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Fort Yellowstone at Mammoth Hot Springs as it looked around
1895. Some of its buildings remain today and serve as park
headquarters.
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The 20th Centur
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1906: The Antiquities Act provides for the

features on and artifacts from federal lands.

President Theodore Roosevelt dedicates
arch at north entrance in Gardiner.

."ﬁ
o

Soldiers pose with bison heads captured from poacher Ed Howell. When Howell returned to the park
later that year, he was the first person arrested and punished under the new National Park Protection

Act, passed in 1894.

When Frances Pound applied for a law enforcement position in
1926, Superintendent Albright suggested she use her nickname,
“Jim,” because she would be one of the first women hired to do law
enforcement in Yellowstone.

Union Pacific train service
begins at West Yellowstone.

protection of historic, prehistoric, and scientific
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The National Park
Service Act estab-
lishes the National
Park Service.

Private automobiles
are officially admitted

to the park. U.S. Army turns over park

management to the National
Park Service.

present and wired his
report to the Chicago
editor of Forest &
Stream, a well-read
magazine of the time.
The article created a
national outcry.
Within two months
Congress passed the
National Park
Protection Act (the
Lacey Act), which
finally provided
teeth for protecting
Yellowstone’s
treasures.

Running a park was
not the Army’s usual
line of work. The
troops could protect
the park and ensure
access, but they could
not fully satisfy the visitor’s desire for knowl-
edge. Moreover, each of the 14 other national
parks established during this period was sepa-
rately administered, resulting in uneven man-
agement, inefficiency, and a lack of direction.

1916: The National Park Service
Begins

National parks clearly needed coordinated
administration by professionals attuned to
the special requirements of these preserves.
Accordingly, in 1916, Congress passed

the National Park Service Act, creating the
National Park Service.

Yellowstone’s first rangers, which included
veterans of Army service in the park, became
responsible for Yellowstone in 1918. The
park’s first superintendent under the new
National Park Service was Horace M.
Albright, who served simultaneously as assis-
tant to Stephen T. Mather, Director of the
National Park Service. Albright established a
framework of management that guided
administration of Yellowstone for decades.

History

The National Park
Service Act

Passed in 1916, this
law created the
National Park
Service and estab-
lished its mission:

“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 manner
and by such means
as will leave them
unimpaired for the
enjoyment of future
generations.”
Updated mission
statement on page 9.
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History

The 20th Century

President Hoover signs first law
changing park’s boundary.

President Hoover expands the park again.

Civilian Conservation Corps established,
works in Yellowstone through 1941. v

NPS Director’s Order prohibits
killing predators.

Boundary Adjustments

Almost as soon as the park was established,
people began suggesting that the boundaries
be revised to conform more closely to natural
topographic features, such as the ridgeline of
the Absaroka Range along the east boundary.
Although these people had the ear of influen-
tial politicians, so did their opponents—
which at one time also included the United
States Forest Service. Eventually a compro-
mise was reached and in 1929, President
Hoover signed the first bill changing the
park’s boundaries: The northwest corner now
included a significant area of petrified trees;
the northeast corner was defined by the
watershed of Pebble Creek; the eastern
boundary included the headwaters of the
Lamar River and part
of the watershed of
the Yellowstone

River. (The Yellow-
stone’s headwaters
remain outside the
park in Bridger-Teton

This box represents .
the original boundary of National Forest.)
Yellowstone National Park. In 1932, President
were made Hoover added more
in 1929 and 1932. than 7,000 acres
between the north
boundary and the

Yellowstone River,
west of Gardiner.
These lands provided
winter range for elk,
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pronghorn, and other
ungulates.

Efforts to exploit the park also expanded
during this time. Water users from the town
of Gardiner to the potato farmers of Idaho
wanted the park’s water. Proposals included
damming the southwest corner of the park—
the Bechler region. The failure of these
schemes confirmed that Yellowstone’s

6v61

The Historic Sites Act sets a Park receives one

national policy to “preserve for million visitors.

future public use historic sites,

buildings, and objects.”
Nineteen snowplane trips
carried 49 passengers into
the park in winter.

wonders were so special that they should be
forever preserved from exploitation.

The 1940s

World War Il drew away employees, visitors,
and money from all national parks, including
Yellowstone. The park’s employees, who at
this time were mostly men, were pulled away
for military service. Visitors were few due to
gasoline and other commodity rationing.
The money needed to maintain the park’s
facilities, much less construct new ones,

was directed to the war effort. Among other
projects, the road from Old Faithful to Craig
Pass was left unfinished.

Proposals again surfaced to use the park’s
natural resources—this time in the war effort.
As before, the park’s wonders spoke for
themselves and were preserved.

Visitation jumped as soon as the war ended.
By 1948, park visitation reached one million
people per year. The park’s budget did not
keep pace, and the neglect of the war years
quickly caught up with the park.

Mission 66

In 1955 the National Park Service initiated a
program to address backlogged construction
and maintenance and to provide modern
facilities for the traveling public. The pro-
gram was targeted for completion by 1966,
the golden anniversary of the National Park
Service, and was called Mission 66.

In Yellowstone, the Canyon Area was
redeveloped as part of Mission 66. Visitor
facilities were designed to reflect American
attitudes of the 1950s: Anything “old” had no
value or relevance in “modern” times, and
convenience was paramount. Visitor services
were arranged around a large parking plaza
with small cabins a short distance away.
Canyon Village opened in July 1958, the first
Mission 66 project completed by the National
Park Service.
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Mission 66 initiated. The Leopold Report is Grizzly bear listed as threatened
The first concession-run issued. species in the lower 48 states. -
snowcoach trips carry ) ) ) ) ) ) HIStOI'y
more than 500 people Magnitude 7.5 earthquake Thermus aquaticus Overnight winter lodging opens in park.
into the park in winter. strikes on August 17 westof ~ discovered in a

Yellowstone, kiling campers Yellowstone hot

in Gallatin National Forest spring (see Chapter 9,  First bear management plan implemented (see

and affecting geysers and hot ~ “Bioprospecting’). Chapter 9).

springs in the park.

From Managed to “Natural”

Until the mid-1960s, park managers actively
managed the elk and bison of Yellowstone.
Elk population limits were determined
according to formulas designed to manage
livestock range. When elk reached those
limits, park managers “culled” or killed the
animals to reduce the population. Bison were
likewise heavily managed.

In 1963, a national park advisory group,
comprised of prominent scientists, released a
report recommending parks “maintain biotic
associations™ within the context of their
ecosystem, and based on scientific research.
Known as the Leopold Report, this document
established the framework for park manage-
ment still used today throughout the National
Park System. By adopting this new manage-
ment philosophy, Yellowstone went from an
unnatural managing of resources to “natural
regulation”—today known as Ecological
Process Management.

The Leopold Report’s recommendations were
upheld by the 2002 National Academy of
Science report, Ecological Dynamics On
Yellowstone’s Northern Range.

Complex Times

Although change and controversy have
occurred in Yellowstone since its inception,
the last three decades have seen many issues
arise. Most involve natural resources, and
those still current are described elsewhere in
the book (see list at right).

In an effort to resolve park management
issues throughout the system, Congress
passed the The National Parks Omnibus
Management Act in 1998. This law mandates
the use of high quality science from inven-
tory, monitoring, and research to understand
and manage park resources.

One issue resolved was the threat of water
pollution from a gold mine outside the north-
east corner of the park. Among other con-
cerns, the New World Mine would have sited
waste storage along the headwaters of Soda

A Decade of Environmental Laws

Beginning in the late 1960s, the U.S. Congress passed an unprecedented
suite of laws to protect the environment. The laws described here particularly
influence the management of our national parks.

The National Environmental Policy Act, passed in 1970, establishes a
national policy “to promote efforts which will prevent or eliminate damage to
the environment...stimulate the health and welfare of man...and enrich the
understanding of ecological systems...” It requires detailed analysis of
environmental impacts of any major federal action that significantly affects
the quality of the human environment. Environmental assessments (EAs) and
environmental impact statements (EISs) are written to detail these analyses
and to provide forums for public involvement in management decisions.

The Endangered Species Act (1973) requires federal agencies to protect
species that are (or are likely to become) at risk of extinction throughout
all or a significant part of their range. It prohibits any action that would
Jeopardize their continued existence or result in the destruction or
modification of their habitat.

The Clean Water Act (1972) is enacted to “restore and maintain the
chemical, physical, and biological integrity of the Nation’s waters” by
prohibiting the discharge of pollutants.

The Clean Air Act (1970) mandates protection of air quality in all units of
the National Park System; Yellowstone is classified as Class 1, the highest
level of clean air protection.

Butte Creek, which flows into the Lamar
River and then the Yellowstone River. After
years of public debate, a federal buyout of the
mining company was authorized in 1996.

Park facilities, underfunded for decades, are
seeing some improvements due to a change
in how such projects can be funded. In 1994,
as part of a national pilot program, Yellow-
stone National Park was authorized to
increase its entrance fee and retain more than
half of the fee for park projects. (Previously,
none of the entrance fees specifically funded
projects in Yellowstone.) Projects being
funded, in part, by this program include

a major renovation of Canyon Visitor
Education Center and development of

new geology exhibits, campground and
amphitheater upgrades, preservation of rare
documents, and studies on bison.

For Information on
Current Issues

Fire Management
(and the fires of
1988): Chapter 6
Bioprospecting, bison
management, lake
trout and other
aquatic concerns,

and winter use:
Chapter 9.
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History

For
More
Information

Yellowstone National Park
website,
www.nps.gov/yell.

Yellowstone Science, free
from the Yellowstone
Center for Resources,
in the Yellowstone
Research Library, or
online at
www.nps.gov/yell.

Yellowstone Today,
distributed at entrance
gates and visitor
centers.
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Public Law 100-443 protects hydro- The Appropriation Act allows a The National Parks
thermal features in national parks from percentage of park entrance fees Omnibus Management Act.
%?ﬁae/rlr:naés development on adjacent to be retained in the parks. Natiopal Academy
g Wolves are restored to Yellowstone.  Feqeral buyout  of Sciences report
Summer of Fire: more than , o ) of gold mine on  confirms effective-
790,000 acres affected by firesin ~ Clean Air Act Amendments require air quality monitor-  ygljowstone’s  ness of Ecological
Yellowstone. ing at specified sites including Yellowstone, a Class | northeast Process Manage-
airshed— one of the purest in the nation. border is ment (aka natural
authorized. regulation).

The Legacy of Yellowstone

The years have shown that the legacy of
those who worked to establish Yellowstone
National Park in 1872 was far greater than
simply preserving a unique landscape. This
one act has led to a lasting concept—the
national park idea. This idea conceived
wilderness to be the inheritance of all people,
who gain more from an experience in nature
than from private exploitation of the land.

The national park idea was part of a new
view of the nation’s responsibility for the
public domain. By the end of the 19th
century, many thoughtful people no longer
believed that wilderness should be fair game
for the first person who could claim and
plunder it. They believed its fruits were the

ing those yet unborn. Besides the areas set
aside as national parks, still greater expanses
of land were placed into national forests and
other reserves so that the country’s natural
wealth—in the form of lumber, grazing,
minerals, and recreation lands—should not
be consumed at once by the greed of a few,
but should perpetually benefit all people.

The preservation idea, born in Yellowstone,
spread around the world. Scores of nations
have preserved areas of natural beauty and
historical worth so that all humankind will
have the opportunity to reflect on their
natural and cultural heritage and to return to
nature and be spiritually reborn. Of all the
benefits resulting from the establishment of
Yellowstone National Park, this may be the
greatest.

nghtful possession of all the people, includ-
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GREATER YELLOWSTONE ECOSYSTEM

Yellowstone National Park forms the core of
the Greater Yellowstone Ecosystem (GYE)—
and at 28,000 square miles, is one of the
largest intact temperate-zone ecosystems on
Earth today.

GYE BASICS

* 12-18 million acres; 18,750-28,125
square miles (see map, next page,
for why it varies)

« States: Wyoming, Montana, Idaho

* Encompasses state lands, two

Each of Yellowstone National Park’s separate

parts—the hydrothermal features, the wildlife, m mm&

the lakes, the Grand Canyon of the Yellow- wildlife refuges.'Bureau of Land
stone River, and the petrified trees—could Management holdings, private and
easily stand alone as a national park. That tribal lands

they are all at one place is testimony to * Managed by state governments,
Greater Yellowstone’s diversity and natural federal government, tribal govern-
wealth. ments, and private individuals
Geological characteristics form the foundation ; mﬂn AR chhonds in Norts

of an ecosystem. In Yellowstone, the interplay
between volcanic, hydrothermal, and glacial
processes and the distribution of flora and
fauna are intricate and unique.

The topography of the land from southern Idaho northeast to Yellow-
stone probably results from millions of years of hotspot influence (see
Chapter 3). Some scientists believe the Yellowstone Plateau itself is a
result of uplift due to hotspot volcanism. Today’s landforms even
influence the weather, channeling westerly storm systems onto the
plateau where they drop large amounts of snow.

The distribution of rocks and sediments in the park also influences the
distributions of flora and fauna. The volcanic rhyolites and tuffs of the
Yellowstone Caldera are rich in quartz and potassium feldspar, which
form nutrient-poor soils. Thus, areas of the park underlain by rhyolites
and tuffs generally are characterized by extensive stands of lodgepole
pine, which are drought tolerant and have shallow roots that take
advantage of the nutrients in the soil. In contrast, andesitic volcanic
rocks that underlie the Absaroka Mountains are rich in calcium,
magnesium, and iron. These minerals weather into soils that can store
more water and provide better nutrients than rhyolitic soils. These
soils support more vegetative growth, which adds organic matter and
enriches the soil. You can see the result when you drive over
Dunraven Pass or through other areas of the park with Absaroka
rocks. They have a more diverse flora, including mixed forests
interspersed with meadows. Lake sediments such as those underlying
Hayden Valley, which were deposited during glacial periods, form
clay soils that allow meadow communities to out-compete trees for
water. The patches of lodgepole pines in Hayden Valley grow in areas
of rhyolite rock outcrops.

These whitebark pines grow in

* Largest free-roaming, wild herd of
bison in U.S.
* One of two grizzly populations in
i Us.
* Home to the rare wolverine and lynx

In Yellowstone National Park:

61 mammals

320 bird species; 148 species nest
here

16 fish species: 11 native, 5 non-native

10 reptiles and amphibians

12,000+ insect species, including 128
species of butterflies

1,100+ species of vascular plants

the andesitic soils on Mount 3 1

Washburn.




Because of the influence rock types have on and bison are found in the park’s grasslands,

plant distribution, some scientists theorize that which grow best in soils formed by sediments
Gr ed ter geology also influences wildlife distributions  in valleys such as Hayden and Lamar. And
Ye IIOWStO ne and movement. Whitebark pine is an impor- the many hydrothermal areas of the park,
tant food source for grizzly bears during where grasses and other food remain uncov-

Ecosystem autumn. The bears migrate to whitebark pine  ered, provide sustenance for animals during
areas such as the andesitic volcanic terrain of ~ winter.
Mt. Washburn. Grazing animals such as elk

How big is the Greater Yellowstone Ecosystem?
Sizes, boundaries, and
descriptions of any ecosystem
can vary—and the GYE is no
exception. The park most often
uses the two figures listed on
the previous page, and most
often uses the map shown
here.
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Biological Diversity

Biological diversity is one of the benchmarks
measuring the health of an ecosystem.
Biodiversity can be measured two ways: the
number of different species (also called rich-
ness) and the abundance of each species (also
called evenness). The diversity of animals
within the Greater Yellowstone Ecosystem is
as great as that found
anywhere in the
lower 48 states.

Significantly,
Greater Yellow-
stone’s natural
diversity is still
essentially intact.
With the exception
of the black-footed
ferret, the region
appears to have
retained or restored
its full historic
complement of
vertebrate wildlife
species—something
truly unique in the
wildlands of the
contiguous 48 states.

The extent of wildlife diversity is due in part
to the different habitats found in the region,
ranging from high alpine areas to sagebrush
country, hydrothermal areas, forests, mead-
ows, and other habitat types. All of these are
connected, including linkages provided by
streams and rivers that course through the
changing elevations.

Other unique life forms are protected here,
too. Various species of microorganisms are
the living representatives of the primitive
life forms now recognized as the beginnings
of life on this planet. Cyanobacteria found in
Yellowstone’s hot springs are similar to the
cyanobacteria that were among the first
organisms capable of photosynthesis (the
process by which plants use sunlight to con-
vert carbon dioxide to oxygen and other
byproducts). Because Earth’s original atmos-
phere was anoxic (without oxygen),
cyanobacteria’s photosynthesis began to
create an atmosphere on Earth that would
eventually support plants and animals.

Cycles and Processes

Cycles and processes are the building blocks
in the foundation of any ecosystem. Photo-
synthesis, predation, decomposition, climate,
and precipitation facilitate the flow of energy
and raw materials. Living things absorb,
transform, and circulate energy and raw
materials and release them again. Cycles and

processes are the essential connections within
the ecosystem.

Life forms are active at all levels. Microbes
beneath Yellowstone Lake thrive in hydro-
thermal vents where they obtain energy
from sulfur instead of the sun. Plants draw
energy from the sun and cycle nutrients such
as carbon, sulfur, and nitrogen through the
system. Herbivores, ranging from ephydrid
flies to elk, feed on the plants and, in turn,
provide food for predators like coyotes and
hawks. Decomposers—bacteria, fungi, other
microorganisms—Ilink all that dies with all
that is alive.

The ecosystem is constantly changing and
evolving. A forest fire is one example of such
an integral, dynamic process. Fires rejuvenate
forests on a grand scale. Some species of
plants survive the intense burning to resprout.
The serotinous cones of lodgepole pines pop
open in heat generated by fires, spreading
millions of seeds on the forest floor. After fire
sweeps through an area, mammals, birds, and
insects quickly take advantage of the newly
created habitats. Fires recycle and release
nutrients and create dead trees or snags that
serve a number of ecological functions, such
as the addition of organic matter to the soil
when the trees decompose (see Chapter 5).

Diversity
&
Processes

The Lamar Valley's thick
grasses grow in soils
formed from sediments
laid down by glaciers. This
and other Yellowstone
grasslands provide habitat
for bison, elk, deer, prong-
horn, coyote, wolf, grizzly
and black bear, golden and
bald eagles, ravens,
osprey, and many other
species.
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Community
Complexity

For many, the sight of
a wolf chasing an elk
through a meadow is
the highest symbol of
wildness. That's a
good start, but it's the
meadow that is telling
us the most about
what wildness really
means.

——Paul Schullery

For more information
about wolf recovery
and elk on the northern

range, see Chapter 9.
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Increasing Complexity
in the Community

Many scientists consider the restoration of the
wolf to Yellowstone to be the restoration of
ecological completeness in the Greater
Yellowstone Ecosystem. This region now
contains every large wild mammal, predator
or prey, that inhabited it when Europeans first
arrived in North America. But the wolf is
only one factor—albeit restored—in the
extremely complex and dynamic community
of wild Yellowstone.

For the visitor, this community’s complexity
has been highlighted primarily through the
large predators and their prey species. This
ecological “suite” of species provides a rare
display of the dramatic pre-European condi-
tions of wildlife in North America.

Intricate Layers

In the few short years since the wolves

were restored, scientists have discovered
layers of complexity reaching far beyond the
photogenic and obvious large mammals. The
striking change in willow height in some
northern range willow communities is seen by
some researchers as evidence that the wolves,
by affecting the habits of the elk, may also
affect vegetation.

More subtle and far more ecologically tangled
changes are also occurring. For example, the
carcasses of elk, bison, and other large mam-
mals each become ecosystems of their own.
Researchers have identified at least 57 species
of beetle associated with these ungulate
carcasses on the northern range. Only one of
those 57 species eats ungulate meat. All the
rest prey on other small scavengers, especially
the larvae of flies and beetles. Others con-
sume carcass byproducts such as microscopic
fungal spores. In this very busy neighbor-
hood, thousands of appetites interact until the
carcass melts away and everybody moves on.

Thus the large predators point us toward the
true richness, messiness, and subtlety of wild
Yellowstone. For a wolf pack, an elk is dinner
waiting to happen; for beetles, flies, and many
other small animals, the elk is a village
waiting to happen.

The Flexible Balance of Nature

In some public circles, there was an expecta-
tion that wolves would restore a “balance” to
park ecosystems, a term usually meant to
suggest animal populations would become
stable and unchanging at levels pleasing to
humans. Instead, a more dynamic variability
is present, which no doubt characterized this
region’s wildlife populations for millennia.
The “balance of nature” has long been a
doubtful concept; nature does have balances,
but they are fluid rather than static, flexible
rather than rigid.

Consider the northern Yellowstone elk herd,
which has declined for the past several years.
The recovery of the wolf occurred simultane-
ously with increases in grizzly bear and
mountain lion populations, increased human
hunting of elk (especially female or “antler-
less”) north of the park, and an extended
drought. Computer models developed prior to
wolf recovery predicted a decline in elk, but
did not incorporate these other factors, and
the decline has exceeded those predictions.
Populations of prey species that share their
habitat with more, rather than fewer species
of predators are now thought to fluctuate
around lower equilibria. The elk populations
of Yellowstone will no doubt continue to
adjust to all the pressures and opportunities
they face, just as all their wild neighbors,
large and small, will.

While some people delight in the chance to
experience the new completeness of the
Yellowstone ecosystem, others are alarmed
and angered by the changes. But with so few
places remaining on Earth where we can not
only preserve but study such ecological com-
pleteness, there seems little doubt about the
extraordinary educational, scientific, and even
spiritual values of such a wild community.



Bison can reach food beneath
three feet of snow, as long as
the snow is not solidified by
melting and refreezing. A
bison’s hump is made of
elongated vertebrae to which
strong neck muscles are
attached, which enable the
animal to sweep its massive
head from side to side.

Winter in Yellowstone

Deep snow, cold temperatures, and short days
characterize winter in the Greater Yellowstone
Ecosystem, conditions to which plants and
animals are adapted. For example, conifers
retain their needles through the winter, which
extends their ability to photosynthesize.
Aspens and cottonwoods contain chlorophyll
in their bark, enabling them to photosynthe-
size before they produce leaves.

Animal Behavioral Adaptations

Red squirrels and beavers cache food
before winter.

Some birds roost with their heads tucked
into their back feathers to prevent heat loss.

Deer mice huddle together to stay warm.

Ungulates like deer, elk, and bison some-
times follow each other through deep snow
to save energy.

Small mammals find insulation, protection
from predators, and easier travel by living
beneath the snow.

Grouse roost overnight by burrowing into
snow for insulation.

Bison, elk, geese, and other animals find
food and warmth in hydrothermal areas.

Animal Morphological/Physical Adaptations

Mammals molt their fur in fall. Incoming
guard hairs are longer and protect the
underfur. Additional underfur grows each
fall and consists of short, thick, often wavy
hairs designed to trap air. A sebaceous (oil)
gland, adjacent to each hair canal, secretes
oil to waterproof the fur. Mammals have
muscular control of their fur, fluffing it up
to trap air when they are cold and sleeking
it down to remove air when they are warm.

River otters’ fur has long guard hairs with
interlocking spikes that protect the underfur,
which is extremely wavy and dense to trap
insulating air. Oil secreted from sebaceous
glands prevents water from contacting the
otters’ skin. After emerging from water,
they replace air in their fur by rolling in the
snow and shaking their wet fur.

* Snowshoe hares, long-tailed weasels, and
short-tailed weasels turn white for winter.
White color provides camouflage but may
have evolved primarily to keep these
animals insulated as hollow white hairs
contain air instead of pigment.

Snowshoe hares have large feet to spread
their weight over the snow; martens and
lynx grow additional fur between their toes
to give them effectively larger feet.

Moose have special joints that allow them
to swing their legs over snow rather than
push through snow as elk do.

Chickadees’ half-inch-thick layer of
feathers keeps them up to 100 degrees
warmer than the ambient temperature.

Biochemical/physiological
* Mammals and waterfowl exhibit counter-

current heat exchange in their limbs that
enables them to stand in cold water: Cold
temperatures cause surface blood vessels to
constrict, shunting blood into deeper veins
that lie close to arteries. Cooled blood
returning from extremities is warmed by
arterial blood traveling towards the extremi-
ties, conserving heat.

At night, chickadees undergo regulated
hypothermia. Their body temperature drops
from 108°F to 88°F, which lessens the
sharp gradient between the temperature of
their bodies and the external temperature.
This leads to a 23 percent decrease in the
amount of fat burned each night.

Chorus frogs tolerate freezing by becoming
severely diabetic in response to cold tem-
peratures and the formation of ice within
their bodies. At this point the liver quickly
converts glycogen to glucose, which enters
the blood stream and serves as an anti-
freeze. Within eight hours, blood sugar rises
200-fold. When a frog’s internal ice content
reaches 60-65 percent, the frog’s heart and
breathing stop. Within one hour of thawing,
the frog’s heart resumes beating.

Winter in
Yellowstone

Types of Snow
Temperature
Gradient Snow

or “depth hoar,”
forms through

snow metamorphosis
during cold air
temperatures when
water moves from
warmer snow near
the ground to colder
snow near the sur-
face. Snow crystals
grow in size, forming
sugar snow where
small mammals
burrow.
Equitemperature
Snow

forms as new crystals
of snow become
rounded and snow-
pack settles.

Rime Frost

forms when super-
cooled water droplets
contact an object and
freeze in place.

Hoar Frost

forms when water
vapor sublimates
onto a surface.
Formation of surface
hoar occurs when
night temperatures
are very low.
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Management
Challenges

For More
Information
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Ecosystem Management
Challenges

Despite the size of the ecosystem, Greater
Yellowstone’s biodiversity is in jeopardy.
Many of its plant and animal species are con-
sidered to be rare, threatened, endangered, or
of special concern. This includes more than
100 plants, hundreds of invertebrates, at least
six fish species, several species of amphib-
ians, at least 20 bird species, and 18 species
of mammals. The numbers are estimates
because, even in this vital region, comprehen-
sive inventories have not been completed.
Carnivorous mammals—including the grizzly
bear, wolverine, and lynx— represent more
than half of the mammals in danger.

Habitat modification—beyond the levels of
natural disturbance—poses a serious threat to
both biodiversity and to ecosystem processes.
Such modifications fragment habitats and
isolate populations of plants and animals
from each other, cutting them off from
processes necessary for survival.

Ecosystem management is gaining support
among conservationists and resource
managers who recognize that most protected
parks and reserves represent fragments of
much larger ecosystems. Ecosystem manage-
ment addresses the whole ecosystem, includ-
ing preserving individual components and the
relationships and linkages between them.
Maintaining healthy, functioning ecosystems
more effectively preserves species than do
emergency measures to bring back threatened
species from the brink of extinction.

Ecosystem management includes human
activities. Development proposals are
evaluated using methods such as “cumulative
effects analysis,” which considers combined
effects of all development—not just one
activity—on an entire area.

In the past, GYE has been managed as indi-
vidual units drawn along political lines. The
result has been fragmented, inconsistent, and
sometimes contradictory management. Since
the 1980s, however, the ecosystem manage-
ment approach has been gaining support. For
example, the supervisors, superintendents,
and regional officials for the two national
parks and six of seven national forests in the
ecosystem meet periodically as the Greater
Yellowstone Coordinating Committee to dis-
cuss common issues and seek solutions.

GYE is included in the Yellowstone to Yukon
Conservation Initiative, or “Y2Y.” More than
170 organizations, institutions, and founda-
tions based in Canada and the United States
are working together to ensure the long-term
survival of wildlife in the Northern Rockies
from the Greater Yellowstone Ecosystem to
the Yukon Highlands—a distance of 1,900
miles. Ecosystem management on this scale is
needed for wide-ranging wildlife species such
as grizzly bears and wolves; Y2Y seeks to
build and maintain a life-sustaining system of
core reserves and connecting wildlife corri-
dors. Existing national, state, and provincial
parks and wilderness areas will anchor the
system, while the creation of new protected
areas and cooperation of land-owners will
provide the additional reserves and corridors.
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Additional Information
Sfrom Yellowstone National Park

Yellowstone National Park website, www.nps.gov/yell, includes
an array of park information about resources, science, recre-
ation, and issues.

Yellowstone Science, published quarterly, reports on research
and includes articles on natural and cultural resources. Free;
available from the Yellowstone Center for Resources, in the
Yellowstone Research Library, or online at www.nps.gov/yell.

Yellowstone Today, published seasonally and distributed at
entrance gates and visitor centers, includes features on park
resources such as hydrothermal features.

Area trail guides detail geology of major areas of the park.
Available for a modest donation at Canyon, Fountain Paint
Pot, Mammoth, Norris, Old Faithful, and West Thumb areas.

Site Bulletins, published as needed, provide more detailed infor-
mation on park topics such as bison management, lake trout,
grizzly bears, and wolves. Free; available upon request from
visitor centers.


http://www.nps.gov/yell
http://www.nps.gov/yell

GEOLOGY

Yellowstone National Park’s unique physical YELLOWSTONE'S < concentration
landscape has been and is being created by SIGNIFICANCE UESHO0G mﬂm—m
many geological forces. Here, some of the * One of the most geologically dynamic half of the world's total.

Earth’s most active volcanic, hydrothermal areas on Earth due to shallow source  * Most of the undisturbed geyser
(water + heat), and earthquake systems make of magma and resulting volcanic basins left in the world (Kamchatka
this national park a priceless treasure. In fact, activity. Peninsula has the others; the rest
Yellowstone was established as the world’s * One of the largest volcanic eruptions have been modified or destroyed by

first national park primarily because of its known to have occurred in the world, ~ human

development.)
extraordinary geysers, hot springs, mudpots creating one of the largest known * One of the few places in the world
and steam vents, and other geologic wonders calderas. Where active travertine terraces are

;uiitras the Grand Canyon of the Yellowstone | m&m 2 ;‘ﬁm“m
g geysers. from repeated volcanic eruptions over
What Lies Beneath Hpes.

Yellowstone’s geologic story provides exam-

ples of how geologic processes work on a
planetary scale. The foundation to under-
standing this story begins with the structure
of the Earth and how this structure gives rise |
to forces that shape the planet’s surface. w

The Earth is frequently depicted as a ball
with a central core surrounded by concentric |
layers that culminate in the crust or surface
layer (see at right). The distance from the T Inner Core N
Earth’s surface to its center or core is approx- '
imately 4,000 miles. The core may once have
been entirely molten, but, as the planet
cooled, the inner core (about 1,500 miles
thick) solidified. The outer core (about

1,400 miles thick) remains molten and is
surrounded by a 1,800 mile thick mantle of
dense, mostly solid rock. Above this layer is
the relatively thin crust, three to forty-eight
miles thick, on which the continents and
ocean floors are found.

The Earth’s lithosphere (crust and upper
mantle) is divided into many plates, which
are in constant motion. Where plate edges
meet, one plate may slide past another,
one plate may be driven beneath another

(subduction), or upwelling volcanic material ) .

pushes the plates apart at mid-ocean ridges. currents in the partially molten asthenosphere

Continental plates are made of less dense (the zone of mantle beneath the lithosphere)

rocks (granites) than oceanic plates (basalts) move the rigid crustal plates above. The’ vol-

and thus, “ride” higher than oceanic plates. canism that has so greatly shaped today’s

Many theories have been proposed to explain Yellm.wvstone.ls a prodqct of plate movement

crustal plate movement. Currently, most evi- ~ combined with upwellings of molten rock, as 37
dence supports the theory that convection described on the next pages.




A 50-40 million years ago I
—Absaroka Volcanics—
This chapter focuses on events and processes ~ Approximately 30 million years ago, vast
. of the last 20 million years that have created expanses of the West began stretching apart
An cient the park we see today— a tiny fraction of the  along an east-west axis. This stretching
Ye ”owsto ne 4.6 billion years of the planet’s existence. process ipcreased about l? million years ago
Most of Earth’s history (from the beginning to 2nd continues today, creating the modern
approximately 570 million years ago) is basin and range topography (north-south
known as the Precambrian era. Rocks of this mountain ranges mterqused with long north-
age are found in northern Yellowstone and in  SOUth valleys) characterizing much of the
tustatons onsaces 3. | the hiearts of the Teton, Beartooth, Wind Western landscape. .
39, 40, and wgadgsed ' River, and Gros Ventre ranges. Throughout About 16.5 million years ago, a great period
with permission from much of this era, the West was repeatedly of volcanism appeared near the area now
Windows Into the Earth, flooded by ancient seas. During the Paleozoic  marked by the convergence of the Nevada,
Dr. Robert Smith and and Mesozoic eras (570 to 66 million years Oregon, and Idaho state lines. Repeated vol-
Lee J. Siegel, 2000. ago), this area was covered at times by ocean.  canic eruptions can be traced across southern
At other times it was a land of sand dunes, Idaho into Yellowstone National Park. This
tidal flats, and vast plains. Near the end of volcanism remains a driving force in
this era, mountain building processes created  Yellowstone today.
[P — the Rocky Mountains. Magma & Hotspots
information During the Cenozoic era (approximately the M from Earth’ 1
last 66 million years of Earth’s history), wide- .2gma (molten rock from Earth’s mantle)
years of story s to within a few miles of the surface in
spread mountain-building, volcanism, fault- rises :
5 - Yellowstone. This heat fuels the Yellowstone
ing, and glaciation sculpted the Yellowstone . iated hydroth 1
area. The Absaroka Range along the park’s volcano and‘ i .
: areas. How it rises and whether or not a
north and east sides was formed by numerous Seflie . .
” . a11s hotspot is involved remain the subject of
volcanic eruptions about 50 million years ago. . b "
Yolodsic Hiotits baied tenos thiat are seen much sc.lentlﬁc research and discussion. (See
See Chapter 10 for today as fossilized remnants along Specimen lllust.rc.mon aiong)
more information about Ridge in northern Yellowstone. This period of  Traditional hotspot theory holds that a plume
geology in the park’s volcanism is not related to the present of molten rock rises all the way from Earth’s
major areas. Yellowstone volcano. core-mantle boundary to trigger volcanic
Hotspot magma rust
from the mantle- Hotspot magma
core boundary Upper Mantle from the mantle

0 Two Hotspot Theories
Molten rock, or magma, rises in
20 convection cells like water boiling
in a pot. On the left is the tradi-
80 — ~ tional view of a hotspot as a plume

of magma rising from Earth's core.
On the right is another theory that ©
the Yellowstone hotspot originates
at a much shallower depth.

Depth Lower Mantle

(miles)
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I 16 million years ago, volcanics begin Yellowstone eruptions I I
again in present day Nevada and ldaho 2 million years ago to the present

eruptions at the surface. Newer theories relate
the rise of molten rock to areas in Earth’s
crust weakened by stretching and thinning
such as that which is ongoing throughout the
interior West. Some of these theories also
propose a shallower mantle origin for
hotspots. Still other theories place
Yellowstone’s hotspot on the surface as a

crust, creating a magma chamber of partially
molten, partially solid rock (see below).
Upward pressure from the shallow magma
chamber cause overlying rocks to break,
forming faults and causing earthquakes.
Eventually, these faults reached the deep
magma chamber. Magma oozed through
these cracks, releasing pressure within the

Volcano

Geysers
)

O

sers
’

Resurgent dome

manifestation of longlived volcanism.

Regardless of its origins and subsurface
behavior, the magma chamber feeding
Yellowstone’s volcano has been close to the
surface for some 16.5 million years, erupting
repeatedly and leaving a track of 100 gigantic
calderas (craters) across 500 miles from the
Nevada-Oregon border northeast up Idaho’s
Snake River Plain and into central Yellow-
stone. This trail of evidence was created as
the North American plate moved in a south-
western direction over the shallow magma.
Earth’s surface bulges above it, notable in the
Yellowstone area where the average elevation
is 1,700 feet higher than surrounding regions.

About 2.1 million years ago, the movement
of the North American plate brought the
Yellowstone area into proximity with the
shallow magma. The heat melted rocks in the

chamber and allowing trapped gases to
expand rapidly. A massive eruption then
occurred, spewing volcanic ash and gas high
into the atmosphere and causing fast-moving
superhot pyroclastic flows on the ground. As
the underground magma chamber emptied,
the ground above it sunk, creating a huge
crater known as the Huckleberry Ridge
Caldera. Smaller lava flows eventually filled
in the caldera over tens to hundreds of thou-
sands of years.

The volume of material ejected during this
eruption is estimated to have been 2,400
times the size of the 1980 eruption of Mt. St.
Helens in Washington (see illustration next
page), and ash has been found as far away as
Missouri. Approximately 800,000 years later,
a second, smaller volcanic eruption occurred
on the western edge of the Huckleberry

At Yellowstone and some
other volcanoes, some
scientists theorize that
Earth’s crust fractures and
cracks in a concentric or
ring-fracture pattern. At
some point these cracks
reach the magma
“reservoir,” release the
pressure, and the volcano
explodes. The huge
amount of material
released causes the
volcano to collapse into a
huge steaming crater—

a caldera.
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Ridge Caldera and created the Henry’s Fork
Caldera. Then 640,000 years ago, the third
massive volcanic eruption in central Yellow-
stone created the Yellowstone Caldera, 30 by
45 miles in size. About 162,000 years ago, a
volcanic eruption created a smaller caldera
now filled by the West Thumb of Yellowstone
Lake.

Yellowstone remains atop the shallow
magma. The pressure and movement of the
underlying heat, magma, and fluids cause the
entire caldera floor to inflate and deflate rap-
idly (compared to more typical geologic
processes). Rising magma has created two
large bulges in the Earth called resurgent
domes (Sour Creek and Mallard Lake), which
we see as large hills.

From the summit of Mt. Washburn, one can
look south into much of this vast volcanic
feature. The caldera rim is also visible
along the park road system at Gibbon Falls,
Lewis Falls, and Lake Butte.

Future Volcanic Activity

Will Yellowstone’s volcano have
another catastrophic eruption? Over the
next thousands to millions of years, probably.
In the next few hundred years? Not likely.

More likely activity would be lava flows, such
as those that occurred after the last major
eruption. Such a lava flow would ooze slowly
over months and years, allowing plenty of
time for park managers to evaluate the situa-
tion and protect people. There is no scientific
evidence indicating such a lava flow will
occur soon.



Geyser Basin Systems

Yellowstone’s hydrothermal features would
not exist without the underlying magma body
that releases tremendous heat. They also
depend on sources of water, such as in the
mountains surrounding the Yellowstone
Plateau. There, snow and rain slowly perco-
late through layers of porous rock riddled
with cracks and fissures. Some of this cold
water meets hot saline brine directly heated
by the shallow magma body. The water’s
temperature rises well above the boiling point
but the water remains in a liquid state due to
the great pressure and weight of the overlying
rock and water. The result is superheated
water with temperatures exceeding 400°F.

The superheated water is less dense than the
colder, heavier water sinking around it. This
creates convection currents that allow the
lighter, more buoyant, superheated water to
begin its slow journey back to the surface
following the cracks, fissures, and weak areas

Geyser basin landscapes, as at Norris (above right), owe their
light, barren appearance to a rock called sinter. Cone geysers,
such as Riverside in Upper Geyser Basin (above) erupt in a
narrow jet of water, usually from a cone. Fountain geysers, such
as Echinus in Norris Geyser Basin (right) shoot water in various
directions, typically from a pool.

through rhyolitic lava flows. As hot water
travels through this rock, high temperatures

dissolve some silica in the rhyolite. Geysef BaSin
While in solution underground, some silica
coats the walls of the cracks and fissures to Sy Stems

form a nearly pressure-tight seal. This locks
in the hot water and creates a “plumbing
system” that can withstand the great pressure
needed to produce a geyser. At the surface,
silica precipitates to form either geyserite or
sinter, creating the massive geyser cones, the
scalloped edges of hot springs, and the seem-
ingly barren landscape of geyser basins.

e —

Geysers are hot springs with constrictions in their plumbing, usually near the
surface, that prevent water from circulating freely to the surface where heat
would escape. The deepest circulating water can exceed the surface boiling
point (199°F/93°C). Surrounding pressure also increases with depth, much as
it does with depth in the ocean. Increased pressure exerted by the enormous
weight of the overlying rock and water prevents the water from boiling. As the
water rises, steam forms. Bubbling upward, steam expands as it nears the top
of the water column until the bubbles are too large and numerous to pass
freely through the tight spots. At a critical point, the confined bubbles actually
lift the water above, causing the geyser to splash or overflow. This decreases
pressure on the system, and violent boiling results. Tremendous amounts of
steam force water out of the vent, and an eruption begins. Water is expelled
Jaster than it can enter the geyser’s plumbing system, and the heat and
pressure gradually decrease. The eruption stops when the water reservoir is
depleted or when the system cools.
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Hydrothermal
Features

Travertine terraces,
found at Mammoth
Hot Springs (right),
are formed from
limestone (calcium
carbonate). Thermal
waters rise through
the limestone, carry-
ing high amounts of
dissolved carbonate.
At the surface,
carbon dioxide is
released and cal-
cium carbonate is
deposited as traver-
tine, the chalky white
rock of the terraces.
Due to the rapid rate
of deposition, these
features constantly
and quickly change.
Mudpots such as
Fountain Paint Pot
(center, right) are
acidic hot springs
with a limited water
supply. Some micro-

organisms use hydro-

gen sulfide, which

rises from deep within the earth, as an
energy source. They help convert the gas to
sulfuric acid, which breaks down rock into
clay. Various gases escape through the wet
clay mud, causing it to bubble. Mudpot
consistency and activity vary with the
seasons and precipitation.

Hot Springs such as this one at West Thumb
(right) are the most common hydrothermal
features in the park. Their plumbing has no
constrictions. Superheated water cools as it
reaches the surface, sinks, and is replaced by
hotter water from below. This circulation,
called convection, prevents water from
reaching the temperature needed to set off

an eruption.
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Fumaroles or steam
vents, are the hottest
hydrothermal features in
the park. They have so :
little water that it all
flashes into steam before
reaching the surface. At
places like Roaring
Mountain (right), the
result is a loud hissing
of steam and gases.
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Beneath Yellowstone Lake

Until the late 1990s, few details were known
about the geology beneath Yellowstone Lake.
In 1996, researchers saw anomalies on the
floor of Bridge Bay in the results of single-
channel depth soundings. They deployed a
submersible remotely operated vehicle
(ROV), equipped with photographic equip-
ment and sector-scan sonar. Large targets
appeared on the sonar image when suddenly
very large, spire-like structures appeared in
the photographic field of view (photo at
right). These structures looked similar to
hydrothermal structures found in deep ocean
areas, such as the Mid-Atlantic Ridge and
the Juan de Fuca Ridge. They also provided
habitat for aquatic species such as fresh water
sponges and algae.

Lake-bottom Surveys

From 1999 to 2003, scientists from the U.S.
Geological Survey and a private company,
Eastern Oceanics, surveyed the bottom of
Yellowstone Lake using high-resolution,
multi-beam swath sonar imaging, seismic
reflection profiling, and a ROV. The survey
showed the northern half of the lake to be
inside the 640,000-year-old Yellowstone
Caldera and mapped previously unknown
features such as large hydrothermal explosion
craters, siliceous spires, hundreds of
hydrothermal vents and craters, active fis-
sures, and domal features containing gas
pockets and deformed sediments. Also
mapped were young previously unmapped
faults, landslide deposits, and submerged
older lake shorelines. These features are part
of an undulating landscape shaped by old
rhyolitic lava flows that filled the caldera.

Hydrothermal vents in northern Yellowstone Lake (above) were
mapped as part of a five-year project. Scientists also are studying
spires from Bridge Bay (below) that no one knew existed a decade
ago. Scientists think they may be very old hydrothermal vents.

The southern half of the lake lies outside the
caldera and has been shaped by glacial and
other processes. The floor of the Southeast
Arm has many glacial features, similar to the
glacial terrain seen on land in Jackson Hole,
south of the park.

Beneath
Yellowstone
Lake
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These new surveys give an accurate picture of
the geologic forces shaping Yellowstone Lake
and determine geologic influences affecting
the present-day aquatic biosphere. For exam-
ple, craters result from hydrothermal explo-
sions caused by water flashing to steam which
is often accompanied by failure and fragmen-
tation of overlying caprock. Spires may be
formed in a way similar to black smoker
chimneys, which are hydrothermal features
associated with oceanic plate boundaries.

Spire Analysis

With the cooperation of the National Park
Service, scientists from the University of
Wisconsin—-Milwaukee collected a small spire
for study by several teams. They conducted a
CAT scan of the spire, which showed struc-
tures seeming to be conduits, perhaps for
hydrothermal circulation. When they cut open
the spire, they confirmed the presence of con-
duits and also saw a layered structure.

Early tests by the U.S. Geological Survey
show that the spire may be more than 11,000
years old, which indicates it was formed after
the last glaciers retreated. In addition to silica,
the spire contains diatom tests (shells) and sil-
ica produced by underwater hydrothermal
processes. Ongoing investigations include
confirming the spire’s age and composition.

Both research projects have already expanded
our understanding of the geological forces at
work beneath Yellowstone Lake. Additional
study of the spires and other underwater fea-
tures will continue to contribute to our under-
standing of the relationship between these
features and the aquatic ecosystem.

Initial Spire Growth
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Earthquakes

Earthquakes occur along fault zones in the
crust where forces from crustal plate move-
ment build to a significant level. The rock
along these faults becomes so stressed that
eventually it slips or breaks. Energy is then
released as shock waves (seismic waves) that
reverberate throughout the surrounding rock.

Different kinds of seismic waves are released
inside the earth during an earthquake.
Primary waves (“P-waves”) move quickly in
the direction of travel, compressing and
stretching the rock. Secondary waves (“S-
waves”) move up, down, and sideways
through rock in a rolling motion. Once a seis-
mic wave reaches the surface of the earth, it
may be felt. Surface waves affect the ground,
which can roll, crack open, or be vertically
and/or laterally displaced. Structures are sus-
ceptible to earthquake damage because the
ground motion is usually horizontal.

1,293 Earthquakes in 2004, Yellowstone Area

Yellowstone is the most
seismically active area in the
Intermountain West.
Approximately 2,000 earth-
qQuakes occur each year in the
Yellowstone area—most are
not felt.
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Real-time data about earth-
quakes in Yellowstone is at

www.seis.utah.edu, a website ®
maintained by the University of .
Utah Seismograph Stations. ® | X

Earthquakes in Yellowstone help to maintain
hydrothermal activity by keeping the “plumb-
ing” system open. Without the periodic dis-
turbance of relatively small earthquakes, the
small fractures and conduits that supply hot
water to geysers and hot springs might be
sealed by mineral deposition. Some earth-
quakes generate changes in Yellowstone’s
hydrothermal systems. For example, the
1959 Hebgen Lake and 1983 Borah Peak
earthquakes caused measurable changes in
Old Faithful Geyser and other hydrothermal
features.

Earthquakes help us understand the sub-
surface geology around and beneath
Yellowstone. The energy from earthquakes
travels through hard and molten rock at dif-
ferent rates. We can “see” the subsurface and
make images of the magma chamber and the
caldera by “reading” the energy emitted
during earthquakes. An extensive geological
monitoring system is in place to aid in that
interpretation.

‘ earthquake

= = = caldera boundary

- thermal area

Earthquakes

Scales of Magnitude
The size of an earthquake
is given by its magnitude,
which is often referred to
as Richter Magnitude. On
this scale, the amplitude
of shaking goes up by a
factor of 10 for each unit
on the scale. Thus, at the
same distance from the
earthquake, the shaking
will be 10 times as large
during a magnitude 5
earthquake as during a
magnitude 4 earthquake.
The total amount of
energy released by the
earthquake, however, goes
up by a factor of 32. There
are many different ways
that magnitude is meas-
ured from seismograms,
partially because each
method only works over a
limited range of magni-
tudes and with different
types of seismometers.
But, all of the methods are
designed to agree well
over the range where they
overiap.

The methods used in
University of Utah earth-
quake listings include:
ML—local magnitude, the
original scale defined by
Richter and Gutenberg
based on the maximum
amplitude of the waves.
This is the preferred mag-
nitude, when available.
MC—coda magnitude,
based on measurements
of the duration of the
seismic waves for earth-
qQuakes up to about
magnitude 5.
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Glaciers

The extent of two major
glaciations are shown on
this map:

Bull Lake—orange outline
Pinedale—blue outline

Scientific understanding of
glacier dates, sequence,
and extent continues to
evolve, and varying infor-
mation appears in differ-
ent references (including
previous editions of this
book). The information
here is considered current
by Yellowstone’s geologist
as of March 2005.
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Glaciers

Glaciers result when, for a period of years,
more snow falls in an area than melts. Once
the snow reaches a certain depth, it turns into
ice and begins to move under the the force of
gravity or the pressure of its own weight.
During this movement, rocks are picked up
and carried in the ice, and these rocks grind
Earth’s surface, eroding and carrying material
away. Glaciers also deposit materials. Large
U-shaped valleys, ridges of debris (moraines),
and out-of-place boulders (erratics) are
evidence of a glacier’s passing.

Yellowstone and much of North America
have experienced numerous periods of
glaciation during the last two million years.
Succeeding periods of glaciation have
destroyed most surface evidence of previous
glacial periods, but scientists have found evi-
dence of them in sediment cores taken on
land and in the ocean.

The Bull Lake Period glaciers covered the
region about 140,000 years ago. Evidence
exists that this glacial episode extended
farther south and west of Yellowstone
than the subsequent Pinedale Glaciation

(described in the next paragraph), but no
evidence of it is found to the north and east.
This indicates that the Pinedale Glaciation
destroyed surface evidence of Bull Lake
Glaciation in these areas.

In the Yellowstone region, the last (and most
studied) major glaciation, the Pinedale, may
have begun as early as 70,000 years ago. It
ended more than 14,000 years ago. At the
peak of the Pinedale Glaciation—25,000
years ago—nearly all of today’s Yellowstone
National Park was covered by a huge ice cap
4,000 feet thick (at a point above present-day
Yellowstone Lake, see above). Mount
Washburn and Mount Sheridan were both
completely covered by ice. This ice field was
not part of the continental ice sheet extending
south from Canada. The ice field occurred
here, in part, because the hotspot beneath
Yellowstone had pushed up the area to a
higher elevation with colder temperatures and
more precipitation than the surrounding land.



Sedimentation & Erosion

Not all the rocks in Yellowstone are of
“recent”” volcanic origin. Precambrian
igneous and metamorphic rock in the north-
eastern portion of the park and Beartooth
Mountains are at least 2.7 billion years old.
These rocks are very hard and erode slowly.

Sedimentary sandstones and shales, deposited
by seas during the Paleozoic and Mesozoic
eras (570 million to 66 million years ago)
can be seen in the Gallatin Range and

Mount Everts. Sedimentary rocks in Yellow-
stone tend to erode more easily than the
Precambrian rocks.

Weathering breaks down earth materials from
large sizes to small particles, and happens in
place. The freeze/thaw action of ice is one

type of weathering common in Yellowstone.
Agents of erosion—wind, water, ice, and
waves—move weathered materials from one
place to another.

When erosion takes place, sedimentation—
the deposition of material—also eventually
occurs. Through time, sediments are buried
by more sediments and the material hardens
into rock. This rock is eventually exposed
(through erosion, uplift, and/or faulting), and
the cycle repeats itself. Sedimentation and
erosion are “reshapers” and “refiners” of the
landscape—and they also expose Yellow-
stone’s past life as seen in fossils like the
petrified trees (see next page).

The Beartooth Mountains
northeast of Yellowstone (left)
are actually an uplifted block of
Precambrian rock.

Mt. Everts, near Mammoth,
(below) exposes sedimentary
rock, which erodes easily and
often tumbles into Gardner
Canyon.

Sedimentation
& Erosion




Fossils

In Yellowstone, many
petrified trees can be seen.
Resulting from volcanic
eruptions about 50 million
years ago, they present
Questions that scientists
continue to ponder: Were
the trees petrified in place
and thus represent layers
of forest? Or were they
scattered before and after
petrification, which means
the number of forests
cannot be determined?
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Fossils

Paleobotany

Nearly 150 species of fossil plants (exclusive
of fossil pollen specimens) from Yellowstone
have been described, including ferns, horsetail
rushes, conifers and deciduous plants such as
sycamores, walnuts, oaks, chestnuts, maples,
and hickories. Sequoia is abundant, and other
species such as
spruce and fir are also
present.

Most petrified wood
and other plant fossils
come from Eocene
deposits about 50
million years old,
which occur in many
northern parts of the
park, including the
Gallatin Range,
Specimen Creek,
Tower, Crescent Hill,
Elk Creek, Specimen
Ridge, Bison Peak,
Barronette Peak,
Abiathar Peak, Mount
Norris, Cache Creek,
and Miller Creek.
Petrified wood is also
found along streams
in areas east of Yellowstone Lake. The most
accessible petrified tree site is on Specimen
Ridge.

The first fossil plants from Yellowstone were
collected by the early Hayden Survey parties.
In his 1878 report, Holmes made the first
reference to Yellowstone’s fossil “forests.”
The report identified the petrified trees on the
north slope of Amethyst Mountain opposite
the mouth of Soda Butte Creek, about eight
miles southeast of Junction Butte.

Around 1900, FH. Knowlton identified 147
species of fossil plants from Yellowstone, 81
of them new to science. He also proposed the
theory that the petrified trees on the northwest
end of Specimen Ridge were forests

petrified in place.

Another theory proposes that the trees were
uprooted by volcanic debris flows and trans-
ported to lower elevations. The 1980 eruption
of Mount St. Helens supported this idea. Mud

flows not only transported trees to lower ele-
vations, they also deposited the trees upright.

Cretaceous marine and nonmarine sediments
are exposed on Mount Everts. The area is
under study; fossil leaves, ferns, clam-like
fossils, shark teeth, and several species of
vertebrates have been found. In 1994 fossil
plants were discovered in Yellowstone during
the East Entrance road construction project,
which uncovered areas containing fossil
sycamore leaves and petrified wood.

Fossil Invertebrates

Fossil invertebrates are abundant in Paleozoic
rocks, especially the limestones associated
with the Madison Group in the northern and
south-central parts of the park. They include
corals, bryozoans, brachiopods, trilobites,
gastropods, and crinoids. Trace fossils, such
as channeling and burrowing of worms, are
found in some petrified tree bark.

Fossil Vertebrates

Fossil remains of vertebrates are rare, but
perhaps only because of insufficient field
research. A one-day survey led by paleontolo-
gist Jack Horner, of the Museum of the
Rockies, Bozeman, Montana, resulted in the
discovery of the skeleton of a Cretaceous
vertebrate. Other vertebrate fossils found in
Yellowstone include:

* Fish: crushing tooth plate; phosphatized fish
bones; fish scales; fish teeth.

» Horse: possible Pleistocene horse, Equus
nebraskensis, reported in 1939.

¢ Other mammals: Holocene mammals recov-
ered from Lamar Cave; Titanothere (type of
rhinocerus) tooth and mandible found on
Mt. Hornaday in 1999.



Dr. Robert Smith and assistant set up a

temporary seismographic station. It is one of dozens throughout the
Greater Yellowstone Ecosystem sending seismic data to

researchers at the University of Utah. R esear Ch

* Thermophiles—microorganisms that can
live in extreme environments—are being
collected from the park’s hydrothermal
features, identified, and their heat-resistant
enzymes are being studied. Some already
are being used in a variety of medical and
forensic processes. (See Chapters 4 & 9.)

All scientists in Yellowstone work under

special permits and are closely supervised
by National Park Service staff.

THE YELLOWSTONE VOLCANO OBSERVATORY

S : R ¥ R R . Increased scientific surveillance
a TSR | of Yellowstone in the past 30 A
Ye"owstone AS a years has detected unmistakable .

changes in its vast underground

Geologic Laboratory volcanic system, similar to histor- Yellowstone Voicano 0bS€IVﬂt(_)Iy
Yellowstone is a unique outdoor laboratory ical changes observed at many :
for research scientists. Many of these scien- other large calderas (volcanic o

tific studies have ramifications far beyond depressions) in the world. To o

Yellowstone National Park. Current research strengthen the capabilities of sci- ‘

examples: entists to track and respond to

o ) changes in Yellowstone's activity,

» Earthquake monitoring stations detect the a fifth U.S. volcano observatory ;
numerous daily tremors occurring in the was created in 2001, comple- L A |
Yellowstone region, and the patterns are menting existing ones for Hawaii, ”m%”"n%fm
studied to develop an understanding of the Alaska, the Cascades, and Long Yellowstone National Park
geodynamics of Yellowstone’s hotspot. Valley, California. The

» Studies on the location of previousl Yellowstone Volcano Observatory
) : p SLY (YVO) is supported jointly by the U.S. Geological Survey, the University of
unmapped geologic structures should help Usah, and Yellowstone National Park.
us understand what controls subsurface

fluid flow and recharge in geothermal The principal goals of YVO include:
systems. * Strengthening the monitoring system for tracking earthquake activity,
« Baseline geochemical studies help uplift and subsidence, and changes in the hydrothermal (hot water)
system;

distinguish between human and natural
influences on the underground water
network in the region.

* Assessing the long-term potential hazards of volcanism, earthquakes, and
explosive hydrothermal activity in the Yellowstone region;
* Enhancing scientific understanding of active geologic and hydrologic

‘ Underwatt?r_studies in Yellowstone Lake processes occurring beneath Yellowstone and in the surrounding region of
have identified hydrothermal vents where the Earth’s crust; and

organisms have been found that survive on * Communicating new scientific results, the current status of Yellowstone’s

sulphur emissions and that resemble life activity, and forecasts of potential hazardous hydrothermal explosions or
found under the ocean near similar volcanic eruptions to Yellowstone National Park staff, the public, and
hydrothermal vents; comparison studies local, State, and Federal officials.
continue. Current real-time-monitoring data are online at

* The deposition of sinter around hydro- volcanoes.usgs.gov/yvo/monitoring.html.
thermal springs is being studied to under- This text from a YVO pamphlet, “Steam Explosions, Earthquakes, and Volcanic Eruptions—What's
stand how early life developed on Earth in Yellowstone’s Future?,” sold by the Yellowstone Association.

and to look for similarities on other planets,
particularly Mars.
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For More
Information

Additional
Information
Sfrom Yellowstone
National Park

Yellowstone National Park
website,
www.nps.gov/yell,
includes an array of
park information about
resources, science,
recreation, and issues.

Yellowstone Science,
published quarterly,
reports on research
and includes articles
on natural and cultural
resources. Free from
the Yellowstone Center
for Resources, in the
Yellowstone Research
Library, or online at
www.nps.gov/yell.

Yellowstone Today, pub-
lished seasonally and
distributed at entrance
gates and visitor cen-
ters, includes features
on park resources
such as hydrothermal
features.

Area trail guides detail
geology of major areas
of the park. Available
for a modest donation
at Canyon, Fountain
Paint Pot, Mammoth,
Norris, Old Faithful,
and West Thumb
areas.

Site Bulletins, published
as needed, provide
more detailed informa-
tion on park topics
such as bison man-
agement, lake trout,
grizzly bears, and
wolves. Free; available
upon request from visi-
tor centers.
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THERMOPHILES

Grand Prismatic Spring
(both photos)

The hydrothermal features of Yellowstone are magnificent
evidence of Earth’s volcanic activity. Amazingly, they are
also habitats in which microscopic organisms called
thermophiles—*thermo” for heat, “phile” for lover—
survive and thrive. Grand Prismatic Spring at Midway
Geyser Basin (above) is an outstanding example of this
dual characteristic. Visitors are awed by its size and admire
its brilliant colors. However, the boardwalk they follow
(lower right corner of photo) spans a vast habitat for a
variety of thermophiles. Nourished by energy and chemical
building blocks available in the hot springs, microbes
construct vividly colored communities throughout the park.

All thermophiles require hot water
or steam but differ in other habitat
needs. Some thrive in only acidic
water, others require sulfur, still
others live in alkaline springs.
Reflecting their requirements, some
microbes are described more
specifically by terms such as
thermoacidophile (heat and acid
lover) or extremo- or hyper-
thermophile (extreme heat lover).

Thermophile community from Geyser Hill, Upper Geyser Basin
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About
Microbes

Microbe:

A minute life form; a microorganism.
Microorganism:

An organism of microscopic or submicroscopic size.
Both from American Heritage Dictionary, 4th edition
Microbes in Yellowstone
In addition to the microorganisms,
millions of other microbes thrive in Yellowstone's soils,

streams, rivers, lakes, vegetation, and animals. Some
of them are discussed in other chapters of this book.

white filamentous bacteria

; Synechococcus, a cyanobacteria

Hot spring in Upper Geyser Basin

When you look into Yellowstone’s colorful hydrothermal pools,
imagine you are looking through a window into Earth’s past to the
beginnings of life itself. The thermophiles thriving in these pools and
their runoff channels are heat-loving microorganisms; some of them
share many characteristics with Earth’s earliest life forms.

Scientists think that during the first three billion years of Earth’s
history, microorganisms transformed the original, anoxic (without
oxygen) atmosphere into something that could support complex forms
of life. Microbes harnessed energy stored in chemicals such as iron
and hydrogen sulfide in a process called chemosynthesis. And they
did this in environments that are lethal to humans—in boiling acidic or
alkaline hot springs like the hot springs found in Yellowstone.

Microorganisms were the first life forms capable of photosynthesis—
using sunlight to convert water and carbon dioxide to oxygen, sugars,
and other byproducts. These life forms, called cyanobacteria, began to
create an atmosphere that would eventually support human life.
Cyanobacteria are found in some of the colorful mats and streamers of
Yellowstone’s hot springs.

In the last few decades, scientists discovered that microbes comprise
the majority of species in the world—yet less than one percent of
them have been studied.

Microbial research has also led to a revised tree of life, far different
from the one taught for decades (see next page). The “old” tree’s
branches—animal, plant, fungi—are now combined in one branch of
the tree. The other two branches consist solely of microorganisms,
including an entire branch of microorganisms not known until the
1970s—Archaea.

Yellowstone’s thermophilic microbial communities include species in
all three branches. Viruses have also been found in acidic hot springs;
they may parasitize thermophiles in the domain Archaea. These
microbes and their environments provide a living laboratory studied
by a variety of scientists. Their research findings connect Yellowstone
to other ancient life forms on Earth, and to the possibility that life
exists elsewhere in our solar system (see last section).



Yellowstone’s hot springs contain species from the groups circled on the Tree of Life

Thermophiles
in the
Tree of Life

Common Ancestor
approximately or before 4 billion years ago

The tree shows the divergence of various groups of organisms from the beginning of life on Earth, approximately four
billion years ago. Dr. Carl Woese first proposed this “tree” in the 1970s. He also proposed the new center branch,
Archaea, which includes many microorganisms formerly considered bacteria. The red line links the earliest organisms
that evolved from a common ancestor. These are all hyperthermophiles, which thrive in water above 176°F (80°C),
indicating life may have arisen in hot environments on the young Earth.

Branches of the tree

* Domains Bacteria and Archaea include single-celled organisms that have simple cell architectures.

* Domain Eukarya includes all organisms comprised of cells containing a nucleus and energy-generating organelles
such as mitochondria and chloroplasts. Animals, plants, fungi, algae, and protozoa are members of Eukarya.

* The tree’s green branches are oxygenic photosynthesizers.

* The purple branches are anoxygenic photosynthesizers such as green and purple bacteria.

* All animals are represented along the one yellow line.

Understanding the tree

* Mutations (changes in the sequence of DNA) accompany the evolution of living organisms.

* Closely related organisms have fewer mutations in their DNA sequences than more distantly related organisms.

* Closely related organisms are located close to each other on the branches of the tree.

* The earliest organisms are near the tree’s root, while the modern organisms are at the ends of the branches.

* Analysis of microbial DNA shows Bacteria and Archaea are as different from each other as each is different from
Eukarya, even though they share a simple cell design.

* Animals, plants, and fungi are mutticellular life forms that developed much later.

Relevance to Yellowstone

Among the earliest organisms to evolve on Earth were microorganisms whose descendants are found today in

extreme high-temperature, and in some cases acidic, environments, such as those in Yellowstone. Their history exhibits

principles of ecology and ways in which geologic processes might have influenced biological evolution.

The Tree of Life Continues to Evolve

Three decades of microbial research have occurred since Dr. Woese first proposed this tree of life. Changes to the tree
reflect new knowledge and the settling of some controversies. Refinements, changes, and controversies will continue
as our understanding of microbes and microbial ecosystems evolves.

This tree of life by
Dr. Jack Farmer first
appeared in

GSA Today, July
2000. Used with
permission.
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