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PREFACE

Flan Furpoae

The purpose of the Resource Management
Plan (RMP) is to provide long-term
guidance and direction for the stewardship
of the natural, cultural and recreational
resources of Grand Canyon National Park.
Primary stewardship functions include
management, interpretation, education,
research, inventory, monitoring, mitigation,
law enforcement, and maintenance. These
functions are required to perpetuate natural
processes, and natural and cultural
resources in Grand Canyon National Park;
to achieve Park purposes and management
objectives; and to regulate Park use.

This Plan recognizes that the physical
resource provides the basis for unique and
valued visitor experiences. These experi-
ences are vastly important; however, their
management is beyond the scope of this
Plan. Physical resources as they effect
visitor experiences will be mentioned in this
Plan, and frequent references will be made
to other plans which address experience in
greater detail.

This Plan draws upon appropriate legisla-
tion, National Park Service (NPS) policies
and guidelines, goals and priorities estab-
lished in the 1995 Grand Canyon National
Park General Management Plan, as well as
on a knowledge of Park resources and their
special needs. This Plan provides a basis
for setting goals and priorities, measuring
resource accomplishments against
documented needs, and making budget
decisions.

This Plan is designed to be revised every
four years; project statements will be added
and deleted annually.

This RMP is the result of a three-year
planning process beginning in 1993 that
defined what actions need to be taken to
provide for the protection and management
of these resources. The initial RMP scoping
session, held in 1993, was attended by over
60 participants. Resource managers from
the United States Forest Service (USFS),
Arizona Game and Fish, United States Fish
and Wildlife Service (USFWS), Northern
Arizona University (NAU) Department of
Forestry and Research, the Colorado
Plateau Research Station of the U.S.
Geological Survey's Biological Resource
Division, the Aldo Leopold Wildemess
Research Institute, NPS central offices and
neighboring parks all contributed signifi-
cantly to the process.

The RMP is divided into a narrative section
and a section containing project statements
derived from the RMP computer database.
It includes the actions and contributions of
all Park operational units and partners in
achieving our shared resource-stewardship
goals. Although the preparation and imple-
mentation of the Plan is the responsibility of
the Grand Canyon National Park Science
Center, resource management projects
routinely involve shared responsibilities and
interdivisional cooperation for successful
development and implementation. Resource
management issues often transcend Park
boundaries requiring the coordination of
other State, Federal and local agencies as
well as American Indian groups, private
interests and landowners.

Relationship to Other Plans

The Park’s General Management Plan
provides the overall objectives for Park
management; the RMP is the primary
resource-stewardship action plan. There is
another group of plans referred to as visitor-
use action plans that focus on the manage-
ment of visitor activities and recreational
resources in the Park. Examples include the
Wilderness Management Plan, Colorado
River Management Plan, and the Aircraft
Management Plan.




It must be stressed, however, that there is
an obvious connection between the man-
agement of visitor use, experiential
resources, and the protection of natural and
cultural and recreational resources.

In other cases, resource issues are so
complex and/or controversial that they
cannot be adequately dealt with in this
document. These require their own indi-
vidual resource action plans. The need for
these plans is identified in this document,
and their relevance to current management
objectives and issues will be described.
Some of these plans will require public and
peer review; examples include the Fire
Management Plan, Cultural Landscape
Management Plan, and the Cave
Management Plan.

Regional Planning and Coordination

Grand Canyon National Park is located
within the Colorado Plateau physiographic
region. The resources stewardship actions
described in this document are guided by
the fundamental tenet of maintaining and
perpetuating ecosystem processes and
cultural affiliation integrity. It is recognized
that the natural and cultural aspects of the
Park ecosystem are part of a greater
ecosystem of the Colorado Plateau.

This is, and must remain, a distinguishing
aspect of Park resources management. It is
essential that the National Park Service
work effectively with neighboring agencies,
tribes and communities in order to assure
that the Park remains a place where natural
forces continue to shape the landscape and
cultures.

The primary mechanism for recognizing
issues and planning actions that extend
beyond park boundaries is the Grand
Canyon Science Center Partnership.

A complete description of this partnership is
found in Chapter Three of this document.

Definition of Resource Stewardship
(Management)

The function referred to as natural
resource stewardship or management is
defined in the NPS Natural Resource
Guidelines (NPS-77):

Natural resource management is the
process by which the NPS strives to
understand natural processes and
human induced effects; mitigates
potential and realized effects; monitors
for ongoing or future trends; protects
existing natural organisms, species,
populations, communities, systems,
and processes; and interprets these
organisms, systems, and processes to
the park visitor. This function is broken
down into six sub-functions: Research,
mitigation, monitoring, protection,
interpretation and administration.

Cultural Resource Management is defined
in the NPS Cultural Resource Manage-
ment Guidelines, NPS-28:

Cultural resource management involves
Research, to identify, evaluate,
document, register, and establish other
basic information about cultural
resources; Planning, to ensure that this
information is well integrated into
management processes for making
decisions and setting priorities; and
Stewardship, under which planning
decisions are carried out and resources
are preserved, protected and interpreted
to the public.
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Grand Canyon National Park lies on the
Colorado Plateau in northwestern Arizona.
The area is a vast, semiarid land of raised
plateaus and structural basins typical of the
southwestern United States. Drainage
systems are deeply cut, forming numerous
steep-walled canyons. The higher eleva-
tions of the Plateau are forested; the lower
elevations are a series of desert basins.

Fifty-five percent of the Colorado Plateau is
Federally owned, including 27 units admin-
istered by the National Park Service, 17
national forests administered by the United
States Forest Service, 26 designated
wilderness areas, 32 million acres adminis-
tered by the Bureau of Land Management,
numerous state parks and countless
roadless and remote areas. American
Indian reservations occupy 24% of the land
and state governments control 6%, leaving
15% of the region's lands in private owner-
ship. (Hecox and Ack. 1996. Charting the
Colorado Plateau: An Economic and
Demographic Exploration)

Grand Canyon National Park, encompass-
ing 1,218,376 acres, is the largest single
protected area within the Colorado Plateau
region. The Park is bounded on the north
by the Kaibab National Forest and the
Arizona Strip District of the BLM, on the
east by the Navajo Reservation, on the
south by Kaibab National Forest and
Hualapai and Havasupai reservations, and
on the west by the upper reaches of Lake
Mead National Recreation Area.

The Park is located entirely within Arizona,
in Mohave and Coconino Counties, and is
in Congressional District Number Three.

Colorado Plateau Eco-Region

As with most distinctive areas of the world,
the landscapes, ecological communities and
cultures of the Colorado Plateau eco-region
evolved together. However, unlike many
regions, the forces of nature and the
strengths of early cultures on the Plateau
continue to dominate, creating a unique
sense of place. This provides a rare oppor-
tunity to preserve one of the few places in
North America where culture and wilder-
ness successfully coexist.

The following purposes and significance
statements were formed during the general
management planning process, and are
included in the final 1995 Grand Canyon
National Park General Management Plan
(GMP).
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Park Purpose and
Significance

Park Purposes

* Preserve and protect the natural and
cultural resources and ecological
processes of Grand Canyon, and its
scenic, aesthetic, and scientific values,
as a place of national and worldwide
importance.

* Provide opportunities for visitors to
experience and understand the environ-
mental interrelationships, resources, and
values of Grand Canyon without impairing
the resources.

Park Significance

World Heritage Site

As a World Heritage Site, the Grand
Canyon is recognized as a place of univer-
sal value, containing superlative natural and
cultural features that should be preserved
as part of the heritage of all the world’s
peoples. The Grand Canyon is unusual in
meeting both natural and cultural resource
criteria for World Heritage Site designation.

Natural Resources and
Natural Ecosystem FProcesses

Well known for its geologic significance, the
Grand Canyon is one of the most studied
geologic landscapes anywhere in the world.
It offers an excelient record of three of the
four eras of geological time, a rich and
diverse fossil record, a great diversity of
geologic features and rock types, and
numerous caves containing extensive and
significant geological, paleontological,
archeological and biological resources. As
stated in the establishing legislation, the
Grand Canyon is the “greatest eroded
canyon in the United States.”

Park Purpose and Significance

It is considered one of the finest examples
in the world of arid-land erosion. The Grand
Canyon is neither the world’s longest nor
deepest canyon, but its volume is im-
mense, averaging 4,000 feet deep for its
entire 277 miles; 6,000 feet deep at its
deepest point, and 15 miles at its widest.
The significance of the Canyon, however,
is not limited to geology.

The Park’s great biological diversity
includes five of the seven life zones and
three of the four deserts in North America;
from rim to river one encounters the—
Lower Sonoran, Upper Sonoran, Transition,
Canadian, Hudsonian life zones—equiva-
lent to traveling from Mexico to Canada.

The Park serves as an ecological refuge,
with relatively undisturbed remnants of
dwindling ecosystems (such as boreal
forest and desert riparian communities),
and numerous rare, endemic or specially
protected (threatened/endangered) plant
and animal species.

Over 1,500 plant species, 287 bird species,
88 mammalian species, 58 reptile and
amphibian species, and 26 native fish
species are found in the Park.
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Research, Study and Education

The Park is a scientific Mecca for geolo-
gists, geographers, ecologists and other
scientists from around the world. The Park
contains six Research Natural Aeas totaling
3,580 hectares that provide opportunities
for research in ecosystems that remain
relatively pristine. The Kaibab Squirrel
National Natural Landmark occurs partially
within the Park, protecting the ponderosa
pine habitat of the endemic Kaibab Squirrel.
The Park contains remote caves that
preserve exceptionally important fossil
records of extinct species and human
habitation, providing a window into the
mysteries of past cultural and ecosystem
changes. The Park and surrounding
adjacent protected areas represent one of
the largest regions of Wilderness and
protected landscapes in North America.
When managed properly, this area provides
an unequalled research laboratory, a
classroom for young scientists, and an
incredible resource for all to study and
enjoy.

Cultural Resources

At least 4,000 years of human occupation
have resulted in a rich and dynamic cultural
history which is still evident. Today, eight
separate Indian Tribes have identified close
cultural and sacred ties to the Grand
Canyon, with some considering the Canyon
their original homeland and place of origin.
Grand Canyon contains more than 3,500
known archeological sites with artifacts
indicating 3,000 to 4,000 years of human
habitation. A recent finding suggests
human use of the Canyon as much as
10,000 years ago. Approximately two
percent of the Park has been systematically
surveyed.

Euro-American habitation brought westemn
frontier heritage and tourism. The Park’s
historic properties include 124 buildings
listed as National Historic Landmarks, 336
properties listed on the National Register of
Historic Places, 44 buildings and structures
determined eligible for listing on the
National register, and 884 buildings and
structures on the List of Classified Struc-
tures. In addition, the South Rim Historic
Village is being nominated as a National
Historic Landmark thematic area.

Scenic Qualities and Values

The Grand Canyon has internationally
recognized scenic vistas, qualities and
values. With ever-changing and colorful
scenery of enormous proportions, it is
widely considered one of the world’s most
spectacular landscapes. The great diversity
of scenery includes forests, deserts,
canyons, plains, plateaus, volcanic fea-
tures, streams and waterfalls. The Grand
Canyon’s air quality greatly effects the
clarity and color of the visual scene.

Opportunities for Recreation,
Re-creation, and Solitude

A diversity of resource-based recreational
opportunities are available: the vast majority
of the Park provides opportunities for
wilderness experiences; hundreds of miles
of trails and routes provide access; three
inner-canyon trails are designated National
Recreation Trails as part of the National
Trails system; and the Colorado River
within the Grand Canyon provides one of
the world’s premier primitive river experi-
ences, including the longest stretches of
white water in the continental United States.




Park Purpose and Significance

The Grand Canyon is a place of tremen-
dous natural, scenic and historic interest.
For all who visit, it is a place of beauty. For
those who seek solitude, it is a place of
profound mystery, peace and tranquility.
For those who know the Canyon best,
these are the most precious and fragile of
values. From the native peoples that have
called these canyons home, to early
European explorers such as Major John W.
Powell, to modern-day outdoor enthusiasts,
philosophers, artists, poets, musicians and
photographers, the Grand Canyon of the
Colorado River is spoken of as a sublime
place of wonder, inspiration and spiritual
power.

To Powell it was,
the most sublime spectacle in
nature...It is a land of music. The
river thunders in perpetual roar,
swelling in floods of music when the
storm Gods play upon the rock and
fading away in soft and low mur-
murs when the infinite blue of
heaven is unveiled. With the melody
of the great tide rising and falling,
swelling and vanishing forever,
other melodies are heard in the
gorges of the lateral
canyons.... Thus the Grand Canyon
is a land of song.

In his journal, Powell attempts to sum up
his feelings,

The glories and the beauties of
form, color and sound unite in the
Grand Canyon—forms unrivaled
even by the mountains, colors that
vie with the sunsets and sounds that
span the diapason from tempest to
tinkling raindrop, from cataract to
bubbling fountain.

The Natural Soundscape

Precious human values and emotions are
often the most difficult to preserve. As
Powell so eloquently states, the power of
the Grand Canyon rests in its unique
combination of form, color and sound. To
most visitors the importance of form and
color are readily evident. The contributions
of natural sounds to the environment and
human experience is more subtle yet no
less important.

FPotential Designations

Over one million Park acres meet the
criteria for Wilderness designation as part
of the National Wildermess Preservation
System. If combined with over 400,000
additional acres of proposed or designated
Wilderness contiguous to Park boundaries,
this area could become one of the largest,
primarily desert, wilderness areas in the
United States.

The Colorado River and most of its tributar-
ies in the Park meet the criteria for Wild
River designation as part of the National
Wild and Scenic Rivers System.
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Legislation Affecting

Grand Canyon

There is a large body of legislation that
directs the activities of the National Park
Service in general, and the management
of Grand Canyon National Park specifically.
A summary of all such legislation can be
found in Appendix A.

Grand Canyon National Park was first set
aside as a “Public park for the benefit and
enjoyment of the people” on February 26,
1919 (40 Stat 1175, Grand Canyon
National Park Establishment Act).

Major changes were made in the Park
boundary in 1975 by Public Law 93-620, the
Grand Canyon Enlargement Act. This Act
summarizes the Park’s significance, stating
that Grand Canyon National Park is a
“natural feature of national and international
significance.” The Act established the
1,215,735-acre Grand Canyon National
Park from a mixture of State and Federal
lands which included the former Grand
Canyon National Park, Grand Canyon and
Marble Canyon national monuments,
portions of Lake Mead National Recreation
Area, USFS, BLM, and Bureau of Indian
Affairs (BIA) lands.

Public Law 93-620 also authorizes the
Secretary of the Interior to submit to the
Federal Aviation Administration (FAA), the
Environmental Protection Agency (EPA), or
other responsible agencies recommenda-
tions for regulations concerning the use of
aircraft in Grand Canyon National Park, if
aircraft are threatening public safety, visitor
experience, or natural quiet.

Resource Management Plan VRN

The National Park Service Overflights Act,
Public Law 91-100 (1987), address the
issue of aircraft overflights at the Grand
Canyon, requiring the FAA and the NPS to
work together to “substantially restore
natural quiet to the Grand Canyon.”

Grand Canyon’s international significance
was recognized in October, 1979, with the
Park’s designation as a World Heritage
Site. The high percentage of foreign visita-
tion clearly demonstrates the Park’s
international popularity.

The Grand Canyon Protection Act of 1992
charged the Secretary of the Interior to
manage the operations of Glen Canyon
Dam to “protect the natural, cultural and

recreational values of Glen Canyon National

Recreation Area and Grand Canyon
National Park.” This legislation called for

adaptive management of Glen Canyon Dam

operations by the Bureau of Reclamation
(BOR), supported by a long-term research
and monitoring program, to assure that the
resources and values of concern were
protected.




Land Management Zones

Management of natural and cultural
environments in a national park system unit
is based on management zones identified
by the Park’s General Management Plan
and Statement for Management, but is
derived from the following classifications in
NPS Management Policies (1988, p.4:1-2):

Natural Zones

"The primary objective in natural zones is
the protection of natural resources....
Natural resources will be managed with a
concern for fundamental ecological pro-
cesses as well as for individual species and
features.... Managers and scientists...will
try to maintain all the components and
processes of natural evolving park ecosys-
tems, including the natural abundance,
diversity and ecological integrity of the
plants and animals” (Ibid.p.4:1). At Grand
Canyon a Wilderness Subzone includes
lands currently designated as potential
Wilderness. Although not listed as
subzones, other areas have special desig-
nations such as Research Natural Areas
and Special Habitat Areas.

The bulk of Grand Canyon National Park
(1,117,718 acres) is classified as a natural
zone. Over one million acres is included in
the proposed Wilderness area.

Cultural Zones

The primary objective in cultural zones is to
preserve and foster appreciation of cultural
resources. Where compatible with cultural
resource objectives, the policies for natural
zones will be followed. Subzones include:
Archeological District(s) Subzone; Historical
District(s) Subzone; and Native American
Traditional Access Subzone.

Land Management Zones

The historic zone is comprised of four
National Register districts on the North and
South Rims. There are three districts on the
North Rim: the Bright Angel Lodge District
(73.1 acres), National Park Service Head-
quarters District (2.2 acres), and the North
Rim Inn District (77 acres). The South Rim
Village Historic District (73.5 acres) extends
along the rim from the Bright Angel Lodge
to Verkamps Curios. The Grandview
Historic District (91 acres) is located just
below the Grandview overlook on Horse-
shoe Mesa. No formal archaeological
districts or American Indian traditional
access subzones have been defined.

Development Zones

These zones are managed for intensive
visitor use. Visitor faculties such as walk-
ways, buildings and other management
faculties occupy much of the zone. The
natural aspects of the land within these
zones is altered.

At Grand Canyon the development zone is
comprised of four distinct areas within the
Park: South Rim Village Area (2,200 acres),
Desert View (50 acres), North Rim Devel-
oped Area (150 acres), and Phantom
Ranch (18 acres).

Special Use Zones

Special Use Zones are defined as where
another public/private entity has jurisdiction
within the Park. At Grand Canyon, the
special use zone includes the 95,300-acre
Havasupai Use Land.

Figure 1-1 summarizes Grand Canyon
National Park management zones.

Figure 1-1

Grand Canyon National Fark
Management Zones
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Land Use and Trends

Adjacent Land Uses

Grand Canyon National Park is entirely
surrounded by other Federal and Tribal
lands managed by a variety of agencies
and governments. To the west, the Park is
bounded by the Hualapai and Havasupai
reservations, and portions of Lake Mead
National Recreation Area. To the east, the
Park is bounded by the Navajo Reservation
and Glen Canyon National Recreation Area.
On the North and South rims, USFS lands
abut the Park, and along the northwest
boundary, lands administered by the BLM
adjoin the Park. Since these areas are
managed for a greater variety of recre-
ational, traditional, and multiuse activities
than Park lands, uses along contiguous
areas are not always compatible.

The major area of cooperation with Glen
Canyon National Recreation Area is at
Lees Ferry, where the confluence of the
Paria and Colorado rivers marks the
boundary between the two NPS areas. At
Lees Ferry, Grand Canyon river trips launch
downstream while numerous fishing trips
launch and travel upstream into Glen
Canyon NRA. The Lees Ferry site is within
the boundaries of Glen Canyon NRA, but
both NPS areas have on-site personnel.
Glen Canyon NRA is actively involved in
the management of a trophy trout fishery
above Lees Ferry, and works with the
Arizona Department of Fish and Game to
stock 50,000 exotic rainbow trout annually.
These fish have populated most sections of
the post-dam altered aquatic environment
of the Colorado River within the Grand
Canyon National Park.

The major area of cooperation between
Grand Canyon National Park and Lake
Mead National Recreation Area is Pearce
Ferry and the Grand Wash Cliffs. Pearce
Ferry is a major takeout point for Colorado
River trips.

North of the Park is the Kaibab National
Forest and the BLM’s Arizona Strip
District. Both of these areas are managed
under a multiple-use concept. Within the
Kaibab National Forest, the major use is
timber production; thinning, slash burning,
pest control and other forestry management
techniques are regularly practiced. Grazing
is also permitted on forest lands. These and
other management practices require that
Grand Canyon National Park work with
national forest personnel to provide bound-
ary protection from fire. The Kaibab
National Forest is also designated as a
Game Preserve, and is set aside for the
protection of game animals and birds

(16 USC 684-687).

On the Arizona Strip, use had been
restricted to scattered grazing leases and
limited recreation until about 1980, when
rich deposits of uranium ore began to be
mined. There is currently one active mine in
the Park’s vicinity, and two others under
development. The closest mine is 3.5 miles
from the Park boundary. Potential impacts
from the Arizona Strip include introduction
of radioactive wastes and/or mine water into
Park watersheds, and increased visitor use
resulting from improved access created by
other agencies.

Trespass-cattle grazing has occurred on
Grand Canyon National Park land, and the
National Park Service has constructed
fencing to ameliorate this problem. The
inexact boundary location, inaccessibility,
and need for rock-drilling to set fence posts
all make fencing very expensive.

o e



Land Use & Trends

Approximately 400,000 acres of the BLM
Arizona Strip District, including several
units immediately adjacent to the Park,
have recently received Wilderness designa-
tion. This designation is compatible with
Grand Canyon land use.

To the south, the Park is bordered by the
Kaibab National Forest, and the Hualapai
and Havasupai Indian reservations.
Issues of concern between the National
Forest and the Park are similar to issues on
the North Rim, with the exception of a
pending land exchange between a private
developer and the forest service.

A number of small inholdings within the
USFS Tusayan Ranger District are being
purchased by a developer to exchange for
a more commercially viable parcel of land
near the Park's south entrance community
of Tusayan. The developers propose
lodging, retail, local resident housing, and
visitor attractions for the site. The develop-
ment could significantly increase the
number of employees living in the immedi-
ate area, impacting schools, law enforce-
ment and other infrastructure elements. It is
proposed that this development will be
accommodated by drilling a deep well. The
Forest Service is also proposing additional
campgrounds in the Tusayan Ranger
District, and a visitor facility in conjunction
with the land exchange, both of which could
have Park impacts.

Eastern boundary issues are exclusively

related to the Navajo Nation, and are
discussed below.

American Indian Neighbors

Grand Canyon’s American Indian neighbors
called this area home long before the first
European arrived. The relationship between
the various American Indian groups and the
National Park Service is evolving.

Today, as a result of recent focus on
developing an understanding and apprecia-
tion for cultural differences, there is an
strong effort to promote partnerships
between these groups and the NPS.

The GMP actively sought participation and
input from each tribe, travelling to each
reservation and meeting with representa-
tives. There is good communication be-
tween these groups and Grand Canyon
National Park as a result of these efforts.
The ethnography program described in the
GMP outlines important issues expressed
at these meetings.

Interaction with the Havasupai continues to
increase due to the overlap in activities
between the Tribe and NPS. The Tribe and
Grand Canyon are linked through the 1975
Grand Canyon Enlargement Act, along with
numerous other laws and executive orders
related to government-to-government
relations and access to sacred sites.
Traditional use continues within those lands
identified as Havasupai Traditional Use
Lands, including limited grazing, hunting
and collecting.

The Park and Tribe have executed many
agreements which form the foundation for
on-going relationships. The Park and the
BIA have executed a cooperative agree-
ment on fire management along the com-
mon boundary. Memoranda of Understand-
ing (MOU) have been in effect regarding
Great Thumb and Supai Camp. Although
both have expired, the Tribe and the Park
plan to enter into agreements for these and
other areas of mutual concern.

To the east, the Park is bounded by the
Navajo Reservation. The administrative
boundary for Grand Canyon National Park,
as established in the 1975 Enlargement
Act, included lands in Marble Canyon which
were also included within Navajo Nation
lands. When the Enlargement Act was
passed, the boundary was to meet with
Navajo Nation concurrence.
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No concurrence was ever received, hence
a debate continues over the boundary
location. A Solicitor’s Opinion supports the
NPS contention that the boundary is one-
quarter mile east of the Colorado River in
certain sections, and the Canyon rim in
others.

Interaction with the Navajo Nation and local
chapters continues (primarily Cameron and
Gap-Bodaway), with emphasis on regional
tourism and backcountry access.

The Department of the Interior, through a
Solicitor’s Opinion, believes the boundary
between the Park and the Hualapai
Reservation to be the old Colorado River
high-water line from Mile 166 to Lake Mead
on the south side. The Hualapai Tribe
believes that the boundary is the center of
the Colorado River. Although the debate
continues, the Park and Tribe do continue
to coordinate on projects related to the
General Management Plan, and impacts
due to the operations of Glen Canyon Dam.

Although Grand Canyon has on-going
relationships with five additional Tribes,
none share a boundary with the Park. The
Hopi Tribe, the Pueblo of Zuni, the Kaibab
Paiute Tribe, the Paiute Indian Tribe of
Utah, and the San Juan Southern Paiute
Tribe all have ancestral interests in the
Grand Canyon. Consultation continues with
all Tribes related to all compliance projects
and planning projects which could affect
areas of ancestral interest to all tribes.

Within-Park Land Use

Lands in State or private ownership are
undeveloped, and not currently used for
non-park purposes. Navajo Nation lands
however, are currently used for grazing and
other non-park subsistence uses. See
Figure 1-2. One tract is State-owned land—
the Colorado River bottom. There is
virtually no potential for development of this
land. Public Law 93-620 declares that State
lands can only be acquired by donation or
exchange.

Figure 1-2
Ownership of Lands within Grand Canyon
National Fark
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The highest priority acquisitions are the
Hearst, Curtis, and Lee privately owned
tracts. The Hearst property is the largest
tract, consisting of 16 potential mining
claims on 325.87 acres below the Grand-
view overlook and on the north bank of the
Colorado River. The Lee property consists
of 66.67 acres located on the north side of
the Colorado River in the Toroweap Valley.

Lands on the Colorado River's east side in
the former Marble Canyon National Monu-
ment are included in the Navajo Reserva-
tion. Although these lands are currently
used for non-park purposes, acquisition by
NPS in the near future is unlikely. Section
5(2) of Public Law 93-620 allows only for
the transfer of lands held in trust for Indian
Tribes to the United States upon approval
of the Indian governing body.
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Visitor Use Analysis

In 1919, the year Grand Canyon became a
national park, 44,173 people visited. Since
that time, visitation has steadily increased.
By 1956, over one million people visited
annually. In 1969, the two million mark was
topped. In 1976, the Bicentennial year, the
Park received 3,026,235 visitors, and hit
four million in 1991. In 1996, visitation
reached 4.877 million.

Reasons for increased visitation have never
been carefully studied. However, population
growth, increased mobility, expanded
communication/media networks, a growth
in discretionary income and time, and an
increase in the number of available lodging
units/campground spaces have all been
contributing factors.

Visitation fluctuates seasonally: 22 percent
of visitation occurs during spring, 48
percent during summer, 22 percent in fall,
and eight percent in winter. Visitation
surges during Easter week, Christmas
week, and the first two weeks in August.
As with all parks, spring and fall seasons
are experiencing rapid growth.

In 1991, 4,222,397 visitors entered Grand
Canyon National Park (a 12 percent
increase over 1990); backcountry users
spent 87,384 nights in the backcountry
(although an exact figure is not known, the
park estimates that approximately 800,000
visitors per year hike below the rims); river
runners spent 163,262 user days on the
Colorado River. Approximately 20,801
visitors rode mules into the Canyon, while
the air-tour industry estimates that 650,000
visitors participated in air tours.

A thorough analysis of existing data, as
well as new data-collection efforts, are
needed to develop comprehensive visitor
profiles, visitor-use patterns, and data gaps
for Grand Canyon National Park.

A yearlong visitor survey was conducted in
1991 for the General Management Plan.
This survey revealed:

*» Almost 20 percent of the Park’s visitors
venture below the rim

* A large percentage of the Park’s visitors
(about 40 percent) come from other
countries

* A majority of Park visitors spend the night
in lodges, motels, and campgrounds in,
and adjacent to, the Park.

* Most visitors are not traveling as a part of
an organized tour group, but rather, are
traveling with two or three other people,
usually members of the same family, and
arrive via privately owned vehicles

» Most Park visitors are well educated with
a median annual income of over $40,000*

*Further information is available in:

A Study of The Perceptions, Expectations,
and Satisfaction Levels of Visitors To
Grand Canyon National Park—A Final
Report Prepared for Western Regional
Office, National Park Service, by Don E.
Albrecht, Department of Rural Sociology
and Recreation, Parks and Tourism
Sciences, Texas A&M University,

College Station, Texas.
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National Environmental
Folicy Act and National

Historic Preservation
Act Compliance

National Environmental Policy Act
Compliance

Occasionally management and develop-
ment activities at Grand Canyon National
Park have the potential to adversely affect
the environment. These include road, trail,
and visitor-facility construction; forest-fire
suppression; and changes in regulations
governing visitor-use levels. Compliance
with the National Environmental Policy Act
(NEPA) and other environmental legislation
is the legal responsibility of the NPS.

Preparation of environmental compliance
documentation is detailed in the Project and
Environmental Compliance Guide, (January
1991), available from Grand Canyon
National Park. Such documentation is
completed prior to initiating new projects.

Projects involving any of the following
elements need environmental clearance:

« ground or vegetation disturbance

« historic sites, structures or districts

« sites with potential archeological
resources

« floodplains or wetlands

- threatened, endangered or sensitive
species

- wildlife disturbance or population impacts

« changes in carrying capacities or user
numbers

« planning and development proposals

- areas designated for Wild and Scenic
River status

« prescribed burns

- sites within significant scenic vistas or
viewsheds

Several parties involved with environmental
compliance determine the appropriate
clearance process and whether the pro-
posed project requires a Categorical
Exclusion (CA), Environmental Assessment
(EA), or Environmental Impact Statement
(EIS). In most cases the process includes
the project initiator, the primary Park
program manager, Park Compliance
Coordinator, staff specialists within the
Grand Canyon National Park Science
Center, and the Superintendent. When
working with EAs and EISs, the Public
Information Officer directs the public
involvement process.

Generally the Resource Management Plan
is not the document through which environ-
mental compliance is accomplished.
Compliance (including requirements relating
to the National Environmental Protection
Act (NEPA), threatened and endangered
species, floodplains and wetlands, air
quality, etc.) is usually accomplished on a
case-by-case basis as funding for a
resource management activity becomes
likely. Each action called for in a RMP
project statement must be categorized as
follows: environmental compliance has
already been accomplished; is not required;
or is required but has not been done and
will be done before any irreversible and
irretrievable actions have been taken.

Some actions called for in the Resource
Management Plan are continuations of
existing programs in which compliance has
been completed. If not implemented under
previous plans, actions called for in this
Plan are only proposals and thus not
subject at this time to environmental
compliance actions under the NEPA.
However, before any new actions proposed
in this Plan can be implemented, specific
environmental compliance actions will be
completed.




NEPA and NHPA Compliance

NEPA requires Federal agencies to

1) consider every significant aspect of a
proposed action’s environmental impact
and, 2) inform the public that environmental
concemns were considered in the decision-
making process. Thus, NEPA invokes a
process of thinking ahead, of determining a
cause-and-effect scenario for the proposed
actions, and describing those relationships
to the public.

The Council on Environmental Quality
establishes documentation procedures for
implementation of the NEPA process.
Three basic routes of NEPA documentation
are used to meet legal responsibilities.
They are the EIS, EA, and Categorical
Exclusion (CA), listed in descending order
of complexity. Only the CA does not need
public review.

NEPA requirements ensure that any
proposal to implement a previously non-
operative portion of this Plan will include
public comment and input.

National Historic Preservation Act
(NHPA) Compliance for Sections 110
and 106

The purpose of NHPA is to preserve
historic properties in addition to those of
national significance, and establish frame-
works to provide needed protection.
Sections 106 and 110 of the Act have the
greatest influence on Park operations.
Section 110 calls for stewardship of
resources owned or controlled by a
Federal agency.

Stewardship includes identifying and
evaluating all resources, and nominating to
the National Register of Historic Places
those resources thought to have local,
State, regional, or national significance.

Until a resource is determined not to have
historic significance, it must be protected
as a historic property. Section 106 requires
a Federal agency to take into account the

outcome a proposed action might have on
a property that is included in, or eligible for,
inclusion in the National Register. It also
provides that the Advisory Council on
Historic Preservation be provided opportu-
nity to comment on the proposed action.
Actions proposed within this Plan will be
reviewed for compliance with Section 106.

The cultural resources aspects of this Plan
were reviewed and approved in consulta-
tion with the Arizona State Historic Preser-
vation Officer (SHPO) and the Advisory
Council on Historic Preservation prior to the
finalization of this document.

Developing and implementing a
comprehensive, integrated resource-
management program at Grand Canyon
National Park requires the active participa-
tion of all Park divisions. The components
of an integrated resource management
program include: management direction;
planning and compliance; consultation and
coordination; education and interpretation;
research and study; inventory and monitor-
ing; restoration and rehabilitation; mainte-
nance; law enforcement; and mitigation.

1-14
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Roles in Resource

Management

Park Staff Roles and Relationships to
Resource Management

Grand Canyon National Fark Science Center

The resource management program is
coordinated by the Science Center, but all
Park staff has responsibility for protecting
Park resources or supporting those that do.

The Science Center is responsible for
resource planning, program coordination,
research, long-term monitoring, and the
implementation of actions requiring exper-
tise in natural science, social science and
cultural resource management.

Division of Visitor Services and Interpretation

This Division is responsible for providing a
comprehensive interpretive and educational
program that includes complex resource
issues. Public education is a key element in
a proactive resource stewardship program.
This program is being expanded to meet
the informational and educational needs of
Park neighbors, other government agen-
cies, and those involved in the political
process.

Division of Visitor and Resource Frotection

This Division is responsible for protecting
resources through public education by
providing information regarding regulations
and proper behavior; enforcing regulations;
issuing backcountry permits and monitoring
use; and through implementing the Park’s
wildland and structural fire management
programs. This preventative role is
essential to resource management
program success.

Division of Maintenance and Engineering

This Division is responsible for site and
structure maintenance; restoration and
rehabilitation of historic structures; resource
impact mitigation of recreational use and
facility development; and trail maintenance.

Division of Administration

This Division provides support for Park
operations including resource management.
This is a critical and essential function that
has a substantial bearing on resource
management program effectiveness.

Division of Concessions Management

This Division assures that all concession
operations contribute as true stewardship
partners, in all aspects of the resource
management program. Areas where
concession operations can be most effec-
tive include visitor education, recycling,
water conservation, and the effective
maintenance of historic structures.

Office of Fublic Affairs

The Office of Public Affairs has the respon-
sibility for developing and maintaining a
proactive public relations strategy focused
on gaining public support for NPS and
Interior positions, Park programs and
projects.

Office of the General Management Flan
Implementation Team (I-Team)

The I-Team was established in 1996 to
implement the Park's new General Manage-
ment Plan. The primary focus of this work
group is to oversee major changes in
developed area facilities and roads, estab-
lish a transportation system, and provide
leadership in the development of strategies
to increase external funding sources to
support the GMP.




Roles in Resource Management

Superintendent’s Office

The Superintendent's Office is responsible
for resource stewardship program leader-
ship and oversight by establishing goals;
formulating strategies; approving priorities;
allocating personnel and funding needed to
successfully implement projects and
programs; and evaluating resource pro-
gram effectiveness and efficiency. This
office represents the National Park Service
and Grand Canyon National Park when
dealing with issues that are politically
sensitive. A goal of this Plan is to provide
scientifically valid information to Park
management for making informed decisions
that protect, restore and preserve the
Park’s natural and cultural resources and
associated values.

Partner Organization Roles in
Resource Management

Federal, Tribal, State and Local
Government Roles

Government agencies and American Indian
tribes that manage lands adjacent to the
Park boundary or share regulatory authority
for the preservation and use of Park
resources are essential resource manage-
ment program partners. In some cases the
role of these organizations are incorporated
in law, others are documented in formal
agreements, while some are informal
working relationships. The science program
components of these relationships are
documented more fully in Chapter Three—
Grand Canyon National Park Science
Center Partnership. In general, an objec-
tive of this Plan is to improve the effective-
ness of working relationships with partner
organizations.

Cooperating Association and
Non-Government Fartners

Grand Canyon Association (GCA) is a
not-for-profit organization which fosters,
supports and enhances NPS educational
and scientific operations. The Association is
as a retailer of interpretive and educational
material for Grand Canyon National Park.
Materials produced and sold include
various types of books, educational videos,
music, and artwork. The Association strives
to educate the public on subjects dealing
with natural and cultural history, and issues
facing the environment. They offer classes
through the Grand Canyon Field Institute
as a way to further the public’s knowledge,
understanding and appreciation of the
Grand Canyon.

The Grand Canyon Fund (GCF) was
established as a not-for-profit organization
in 1995 to raise monies in support of
implementing high priority actions needed
to improve Park facilities, and protect
resources. Many of these needed actions
are defined in the General Management
Plan and this Plan.

Non-government Conservation
Organizations

Numerous conservation and advocacy
organizations are actively engaged in
insuring that public values associated with
Grand Canyon National Park are not
diminished, and that park resources are
effectively protected. The role that these
organizations play in articulating
public interests, views, and needs,
and being engaged in creating
effective solutions to manage-
ment issues, is essential to the
preservation of this Park and to maintain-
ing the integrity of the National Park
System.

-16
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Natural Resources

Natural Quiet

Since the time of John Wesley Powell, the
first Euro-American to record an exploration
of the Grand Canyon, this area has been
known for its unique combination of immen-
sity and quiet. The clear skies, desert light,
dry air, limited vegetation, geologic gran-
deur and starkness all contribute to creating
an area that has long been revered and
sought for its quietness and solitude.
Indeed, archaeological and ethnographic
information suggests prehistoric and
historic American Indian groups sought and
revered the Canyon for many of these
same reasons, just as contemporary
American Indians continue to do. The
present-day importance of these character-
istics can be observed at least twice daily in
the large number of visitors who flock to rim
overiooks, and watch in silence and awe as
the sun sets or rises. For visitors to the
inner canyon who actively seek out oppor-
tunities for solitude and natural quiet, the
meaning, importance, and value of quiet
and natural sound is greatly magnified.

Just as natural quiet is important to visitor
experience and Park appreciation, it is also
critically important to other protected Park
resources. “Non-natural sounds” (i.e.,
introduced, human-caused or mechanically
produced sounds) may, depending on
location, volume, and timing, produce direct
and indirect negative physiological and
behavioral responses in wildlife. Non-
natural sounds also may have negative
impacts on cultural and historic resources
including possible damage to fragile ar-
chaeological and historic structures from
vibration and acoustic impacts. Similarly,
non-natural sounds may negatively impact
areas used as ceremonial, sacred, or
traditional-use sites.

Grand Canyon'’s quiet is not the absence of
sound—it is not silence. It is the presence
of the sounds of nature in the absence of
human-caused or mechanically produced
sounds. It is the sound of wind in the trees,
the sound of animals, and of water flowing.
These conditions of natural quiet typically
vary from moment to moment and place to
place with changes in vegetation, terrain,
meteorological conditions, and the presence
of animals. The changes in natural sound
levels combined with the ability to discern
natural sounds from discrete sources make
the impact of natural sound conditions and
natural quiet all the more valued and
significant to the listener. The presence of
natural quiet tends to heighten the stimuli
and impact received through other senses.

Natural sounds and natural quiet have long
been regarded as Park resources. They are
among the conditions and resources the
National Park Service is mandated to
protect and “leave unimpaired for the
enjoyment of future generations.” This
mandate, under the Organic Act, was
strengthened under the Redwood Act of
1978 which specified that resource preser-
vation is the primary responsibility of the
National Park Service. Thus, under law,
policy, and visitor expectation, natural quiet
is a resource to be protected.




Geologic Resources

Geologic Resources

The Grand Canyon of the Colorado River is
a world-renowned showplace of geology.
Geologic studies in the Park began with the
work of Newberry in 1858, and continue
today. The Grand Canyon’s excellent
display of layered rock is invaluable in
unraveling the region’s geologic history.
Extensive carving of the plateaus allows
detailed study of Earth movements.
Processes of stream erosion and vulcanism
are easily seen and studied.

The Colorado River has carved the Grand
Canyon into four plateaus of the Colorado
Plateau Province. The Province is a large
area in the Southwest characterized by
nearly-horizontal sedimentary rocks lifted
5,000 to 13,000 feet above sea level. The
Plateau’s arid climate produced many
striking erosional forms, culminating in the
Grand Canyon. The Canyon’s mile-high
walls display a largely undisturbed cross
section of the Earth’s crust extending back
some two billion years.

Three “Granite Gorges” expose crystalline
rocks formed during the early-to-middle
Proterozoic Era (late Precambrian).
Originally deposited as sediments and lava
flows, these rocks were intensely metamor-
phosed about 1,750 million years ago.
Magma rose into the rocks, cooling and
crystallizing into granite, and welding the
region to the North American continent.

Beginning about 1,200 million years ago
(late Proterozoic), 13,000 feet of sediment
and lava were deposited in coastal and
shallow marine environments. Mountain
building about 725 million years ago lifted
and tilted these rocks. Subsequent erosion
removed these tilted layers from most areas
leaving only the wedge-shaped remnants
seen in the eastern Canyon.

Rock layers formed during the Paleozoic
Era are the most conspicuous in the Grand
Canyon’s walls. Coastal environments and
several marine incursions from the west
between 550 and 250 million years ago
deposited sandstone, shale and limestone
layers totaling 2,400 to 5,000 feet thick.
Layers from the Cambrian, Devonian,
Mississippian, Pennsylvanian and Permian
periods are present.

Erosion has removed most Mesozoic Era
evidence from the Park, although small
remnants can be found, particularly in the
western Grand Canyon. Nearby rock
outcrops suggest 4,000 to 8,000 feet of
sedimentary layers from the “Age of
Dinosaurs” once covered the Grand
Canyon area. Cenozoic Era (the “Age of
Mammals”) layers are limited to the
western Grand Canyon and terraces near
the River itself. A few sedimentary depos-
its formed in lake beds, but the most
spectacular recent deposits are the lava
flows and cinder cones on the Shivwits
and Uinkaret plateaus. Volcanic activity
began about six million years ago and has
continued to within the last several thou-
sand years. Spectacular lava cascades
down the Canyon walls have helped date
the Grand Canyon’s carving.

The Grand Canyon itself is a late Cenozoic
feature, characteristic of renewed erosion
during this time. Vigorous cutting by the
snow-fed Colorado River carved the
Canyon'’s depth. Canyon widening is held
in check by the region’s dry climate. The
asymmetry between rapid downcutting and
slow widening results in the Grand Canyon
rather than a more typical broad (and
nondescript) river valley. Although violent
storms may send flash floods gouging
down narrow side canyons, the lack of
steady moisture has created a stark
landscape of mostly naked rock.
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Harder, erosion-resistant rocks such as the
Coconino Sandstone and the Redwall
Limestone have eroded into bold cliffs.
Softer layers melt into slopes like the Tonto
Platform (Bright Angel Shale) and the
Esplanade (Hermit Shale). The oldest,
crystalline rocks are chiseled into the
craggy cliffs of the Granite Gorges.

Nearly 40 identified rock layers form the
Grand Canyon’s walls. They have attracted
students of earth history since 1858.
Because most layers are exposed through
the Canyon’s 277-mile length, they afford
the opportunity for detailed studies of
environmental changes from place to place
(within a layer) in the geologic past.
Geologic evolution through time can be
studied through the changes between
different layers.

It was the work of geologists that began
changing the public’s opinion of the Grand
Canyon region from that of “a worthless
locale” to “the most sublime of earthly
spectacles.” After nearly 150 years, geolo-
gists are still not finished studying the
Grand Canyon. In the mid-1970s, a new
rock layer was identified in the Canyon
walls. Scientists continue investigating how
environment affects rock formation.
Perhaps the biggest question of all, how the
Colorado River chose this course and begin
carving the Canyon, still awaits a clear
answer.

Soils

Geology and slope strongly influence most
Grand Canyon soils. Currently, soils
throughout the Canyon are categorized as
poorly developed. Soils are highly variable,
ranging from moist forest soils of the North
Rim to shallow, dry mineral soils and
bedrock exposures of the inner canyon.
Inner canyon soil textures are sandy loam,
sands, or loamy sands. It is likely that there
are a few silt loams or clay loams in the
Hermit and Bright Angel shales and in the
Toroweap Valley.

Most soil types erode very easily and
regenerate slowly. Their sandy nature
allows water to be absorbed immediately,
leaving the ground dry shortly after rain
showers. The soils are typically fragile and
require little disturbance to create erosional
problems.

Large Park areas show essentially no
human impacts to soils. Other areas were
used for farming, grazing and mineral
extraction. Developed areas have heavily
impacted soils. Soil (“cryptogamic”) crusts
are very sensitive soil systems, specific to
arid lands. These crusts cover a significant
portion of inner canyon soil. Cyanobacteria
form the crust, while other bacteria, algae,
fungi, lichens, and mosses are often
present. These crusts play important roles
in reducing soil erosion, increasing water
conservation and in promoting nitrogen
fixation. They create a more favorable
environment for vascular plants to germi-
nate under arid conditions. These crusts are
highly susceptible to trampling and air
poliution.

Soil surveys exist for about 23% of the Park
(188,000 acres on the Sanup Plateau and
93,500 acres on the Havasupai Traditional
Use Lands). These areas were surveyed as
part of grazing allotment analysis. Extensive
soil surveys, however, have not been
conducted for much of the Canyon.

The soils along the Colorado River are
known in more detail. Land areas along the
River are characterized by fine-grained
beaches, coarse-grained cobble bars, and
tributary fan deposits. The fine-grained
deposits found on river terraces may be
classified according their age (pre- or post-
Glen Canyon Dam), how they were depos-
ited (floods, wind action, or underwater
reworking below present high water) and
soil grain size (cohesive silts, and sands
with negligible silt).




v Geologic Resources

Cave Resources

Hidden within the Grand Canyon are
hundreds of caves. Most are dissolved into
the limestones in the Redwall and Muav
formations, although caves occur in other
formations. The caving community is well
aware of these caves; hikers frequently
visit Cave of the Domes on Horseshoe
Mesa. Caves throughout the Park contain
unique cave formations or “speleothems”;
mummified remains of extinct lce Age
fauna; archeological remains (including
split-twig figurines); and unique biological
systems. Many caves also play a major
role in regional hydrology. Substantial
underground streams emerge from Vaseys
Paradise, Cheyava Falls, and Roaring,
Thunder, and Tapeats springs.

Faleontological Resources

Fossils found within the Grand Canyon
encompass virtually the entire spectra of
type and preservation. They include algal
mats and bacterial spores over a billion
years old, mummified dung and hair 11,000
years old, and a multitude of body and
trace fossils from the Paleozoic Era, 550-
250 million years ago. Fossils tell a great
deal about the origin of their host rocks,
including the rock’s age and its depositional
environment. Nineteenth-century geologists
responsible for the earliest geologic map-
ping at Grand Canyon relied heavily on
fossils to determine rock age and their
equivalence to known strata.

The older Proterozoic rocks in the inner
gorge (schist, gneiss, and granite) are not
fossil-bearing. Younger Proterozoic rocks
of the Grand Canyon Supergroup (specifi-
cally the Bass limestone) contain the oldest
fossils in the region (1.2 billion years old).
These are “stromatolites,” primitive algal
remains very similar to modern algal domes
found in marine environments. The 750
million-year-old Kwagunt Formation con-
tains abundant bacterial cysts and spores.

The paleontological record is richer for
Paleozoic rocks, including all of the horizon-
tal layers visible from the Canyon rim. Most
of these fossils are remains of marine
invertebrates. Along the rim, the Kaibab
Limestone contains many fossil localities
easily accessible to the public, and easily
destroyed by development. Evidence of
ancient life can be found in the non-marine
rocks as well; windblown Coconino Sand-
stone contains footprints left by ancient
reptiles and amphibians. The Supai Group
and the Hermit Shale also contain foot-
prints, as well as plant and invertebrate
fossils.

Dry caves in the Park contain a wealth of
information regarding Grand Canyon'’s plant
and animal communities since the Ice Age.
Deposits in the caves contain dung (and
guano), bone, hair, pollen, and other
perishable remains from late Pleistocene
fauna including ground sloths, condors,
teratorns, Harringtons mountain goat, and
others. Plant remains record fluctuating
climatic conditions as the modern regime
became established.
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Water Resources

Most of the water flowing in the Colorado
River through the Grand Canyon originates
in the high mountain areas that rim the
upper Colorado drainage basin. The
estimated runoff in the Colorado River at
Lees Ferry, Arizona (the head of the Grand
Canyon), has ranged from 5.6 t0 24.0
million acre-feet per year. Ten-year aver-
ages ranged from 11.6 to 18.8 million acre-
feet. The significance of this variability is
acute in modern River management. A 25-
year period (1906-1930) of predominantly
above-average runoff was used to allocate
water in the Colorado River to seven
western states and Mexico (the 1922
Colorado River Compact and 1944 Mexican
Water Treaty). The following 40 years
(1931-1970) had predominantly below-
average runoff. Current allocation accounts
for nearly complete use of the Colorado
River’s flow. Springs and tributaries enter-
ing the Colorado in Grand Canyon contrib-
ute about 0.5 million acre-feet of water to
the River annually.

Historic Water Use

Despite the tremendous quantity of water
flowing through the mile-deep Canyon, the
water supply history at Grand Canyon has
been one of scarcity. As the River cut a
canyon through the rock layers, ground
water drained into the Canyon. Precipitation
is quickly absorbed by the porous rock on
the rims, making surface water rare and
temporary.

Before 1900, mules carried some water to
the South Rim developments from the
springs at Indian Garden, 3,200 feet below
Grand Canyon Village. Water was also
collected in natural or dug “tanks” and
cistern catchments. After completion of the
railroad to Grand Canyon in 1901, water
was hauled to the South Rim in tank cars.

A sewage disposal plant was completed on
May 28, 1926, making reclaimed effluent
available for non-potable uses. On August
26, 1932, the Santa Fe Railroad completed
a pipeline to Indian Garden. Pumps were
installed with a capacity of 278,000 gallons

per day.

The water lifted from Indian Garden proved
sufficient to meet the needs of the large

influx of Park visitors following World War II.

Additional reservoirs on the South Rim
provided storage for water pumped during
the slack winter season. Water storage
capacity grew from about four million
gallons in 1958 to thirteen million gallons in
1968. Water consumption in that year
reached 96 million gallons, virtually the
entire flow from the springs at Indian
Garden.

The earliest developments on the North
Rim obtained water from a small spring on
Bright Angel Point. A pipeline from Roaring
Springs, 3,000 feet below the North Rim,
began delivering water in 1928. A dam and
hydropower plant on Bright Angel Creek
supplied power.

In August 1970, a 13-mile-long transcanyon
pipeline was completed, connecting Roaring
Springs below the North Rim with the
pumping facilities at indian Garden below
the South. The pipeline operates continu-
ously, delivering approximately 720 galions
per minute (378.4 million gallons per year)
to the Indian Garden pumping station. Two
new pumps at Indian Garden were also
installed in 1970. The system could deliver
420 gallons per minute from Indian Garden
to the South Rim, through the 1932 pipeline
installed by the Santa Fe Railroad. The
springs at Indian Garden now flow freely
into Garden Creek, but are supplemented
by surges of excess water from the
transcanyon pipeline. These surges have
very different water quality from the natural
flow from Indian Garden springs.




Water Resources

Between 1985 and 1988 major improve-
ments were made to the transcanyon
pipeline and pumping facilities at Indian
Garden. A new eight-inch-diameter steel
pipeline was installed from the South Rim
to Indian Garden inside a directional drill
hole. A new, 750-horsepower pumping
system replaced the original pumps in the
renovated 1932 pump house. A section of
the transcanyon waterline from Plateau
Point to the Colorado River was replaced
with steel pipe and rerouted to avoid rock
slides. A pipeline from Grand Canyon
Village to Desert View, initiated in the
1960s, was completed. A new million-gallon
reservoir replaced the 325,000-gallon tank
to serve higher elevation facilities in Grand
Canyon Village. These improvements allow
up to 680 gallons of water per minute to be
pumped from Indian Garden, provide
additional water storage on the South Rim,
and allow water to be pumped the twenty-
eight miles to Desert View instead of being
hauled by tanker truck.

By the early 1990s, the transcanyon
pipeline had exceeded its material lifetime.
As the pipeline continues to age, repairs
are needed more frequently, and become
more costly. It will cost approximately $40
million to upgrade the pipeline and extend
its life. This project's environmental conse-
quences will be determined through the
National Environmental Protection Act and
the National Historic Preservation Act
compliance processes.

Water Rights

Water is a vital natural resource, especially
in the arid southwestern United States,
where legal and institutional systems are
organized to control water use. In the
Grand Canyon region, water use is subject
to treaty obligations, Federal and State
laws, and interstate compacts and agree-
ments. Water rights are generally based on
the appropriation doctrine in which first-in-
time is first-in-right. Most surface water has
already been assigned to specific appli-
cants or users. The remaining supply is
desired, and actively pursued, by many
State and interstate groups, as well as
private individuals.

The Federal government has asserted, and
the courts have affirmed, that it has the
right to enough water to develop Federal
“reserved” land, provided the water is used
for purposes of the reservation. National
Parks are examples of such reservations.
The right is effective as of the date of the
reservation action. The Federal government
thus has the right to use all waters originat-
ing in, or flowing through, Grand Canyon
National Park for Park purposes that was
not already claimed before the reserve’s
establishment. Federal reserved water
rights for Park purposes have been as-
serted, and must be quantified for Park
areas in the Little Colorado River Basin.

The complex nature of water development
projects makes cooperation among water
users essential in making projects possible.
In 1922 the Colorado River states drafted
the Colorado River Compact to apportion
the River’s waters. Congress approved the
Compact in the Boulder Canyon Project Act
of December 21, 1928, and President
Hoover declared it in effect on June 25,
1929. The Compact divided the Colorado
River into two drainage basins, Upper and
Lower, with Lees Ferry, Arizona, the
dividing line between them.
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Air Resources

Grand Canyon National Park enjoys some
of the cleanest air left in the United States.
This clean air is a fragile resource, and
existing levels of human-caused pollution
create clearly visible hazes. Many studies
have been conducted to characterize this
haze, its composition and origin. In addition
to visibility studies, monitoring programs in
the Park measure acid deposition (both wet
and dry), ozone concentrations, ultraviolet
radiation, and meteorological data. Special
studies have supplemented this information
with other data.

Class | Area

Grand Canyon National Park was desig-
nated a Class | area by the Clean Air Act as
amended in 1977 (Public Law 95-217). The
Act limits deterioration in air quality and
gives added protection to uniquely scenic
areas. Amendments to the Act in 1990
called for the creation of the Grand Canyon
Visibility Transport Commission to study the
interstate transport of air pollutants into the
Grand Canyon area. The Commission
made its recommendations to the Environ-
mental Protection Agency June 10, 1996.
The recommendations address reducing air
pollution emissions from industry and
vehicles. They also address smoke from
forest and agricultural burning and other
visibility-related issues. A successor to the
Commission will continue its regional
coordination role, and monitor recommen-
dation implementation.

Monitoring

Air quality monitoring at Grand Canyon
began in 1958. Since then, many tech-
niques have been used to measure visibil-
ity, aerosols, gases and acid deposition.
The monitoring program is designed to
identify existing air quality and trends,
measure sensitivity of Park resources to air
quality, establish local and synoptic weather
patterns affecting air quality, and identify
sources and the nature of existing and
potential pollutants.

Air quality at Grand Canyon is generally
good, but is increasingly threatened by
human sources, including metropolitan
areas in Arizona, Nevada and California,
and also development in northern Mexico.
The net effect is a measurable impact on
the visibility that is of paramount importance
for visitors to appreciate the Grand Canyon.
Visibility is often impaired in Grand Canyon
National Park by haze even though pollut-
ant levels do not exceed National Ambient
Air Quality Standards (NAAQS). Very small
amounts of light-scattering pollutants can
significantly reduce visibility under such
clean conditions. Haze results in a reduction
in clarity and brilliance in the Park and can
eliminate distant views. Visibility at the
Grand Canyon averages 80 miles, and can
exceed 155 miles on the clearest days.
Haze can reduce visibility to less than 50
miles, but visibility is still superior to many
sections of the country, and should remain
so for the future.
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Yegetation Resources

More than 1,500 known vascular plant
species within an elevation difference of
almost 8,000 feet have been documented
within the Park. Additional species are to
be expected with future botanical inventory,
especially within remote and rugged areas
of the inner canyon and western Grand
Canyon. Approximately eight percent of the
Park’s flora is exotic. Grand Canyon has
over a dozen endemic plants known only
from localities within the Park's boundaries.
An additional 23 regional endemics are
known which have ranges crossing Park
boundaries. Also, over 167 species of
fungi, 64 moss species and 195 lichen
species have been reported. Species
composition and distribution are influenced
by climate, geomorpology and geology.

The Park contains 129 vegetation commu-
nities or formations: riparian woodland and
scrub, desertscrub, grassiand, woodland,
and forest. Sixty-three vegetation associa-
tions within these formations have been
classified and mapped in Grand Canyon
(see: Warren, Reichhardt, Mouat, Brown,
and Johnson. 1982. Vegetation of Grand
Canyon National Park). A riparian commu-
nity exists along the Colorado River and its
perennial tributaries, characterized by the
exotic saltcedar (tamarisk), coyote willow,
arrowweed, seep willow, western honey
mesquite and catclaw acacia. The Colorado
River riparian corridor has been disturbed
due to the building and operation of Glen
Canyon Dam in 1963. Hanging gardens,

_ seeps and springs contain many rare and
I unique plant species.

Next to the River corridor is a desertscrub
community composed of plant species with
affinities to the four North American desert
floras. A Mohavean desertscrub extends
from the Grand Wash Cliffs in extreme
western Grand Canyon to near the Colo-
rado River’s confluence with the Little
Colorado River. It is typified by warm desert
species such as creosote bush and white
bursage. Frost-sensitive species more
characteristic of the Sonoran Desert such
as brittle bush, catclaw acacia, and ocotillo
can also be found. Chihuahuan species
such as mariola, western honey mesquite,
and four-wing saltbush also occur. Up-
stream of the Little Colorado River in
Marble Canyon and on the Tonto Platform,
species more characteristic of the Great
Basin Desert predominate, such as big
sagebrush, blackbrush, and rubber rabbit-
brush.

Grassland communities in Grand Canyon
are rare and few. Mountain meadows on
the North Rim are of two types: montane
meadows and upland subalpine grasslands.
Both are typified by many grass species,
with sedges in the wettest areas and forbs
and grasses along the dry margins. Semi-
desert shrub-grasslands occur at Toroweap
Valley and above the Grand Wash Cliffs.
These areas are characterized by big
galleta, blue and black grama, Indian
ricegrass, and three-awns.

Above the desertscrub and up to 6,200 feet
is a woodland consisting of pinyon pine and
one seed and Utah junipers. Other species
include big sagebrush, snakeweed, Mor-
mon tea, Utah agave, narrowleaf and
banana yucca, snakeweed, winterfat,
Indian ricegrass, dropseed, and
needlegrass.

Vegetation Resources
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Above the woodland between elevations of
6,500 and 8,200 feet on both the North and
South rims is a forest characterized by
ponderosa pine. Typical plants in this
community are Gambel oak, New Mexico
locust, mountain mahogany, elderberry,
creeping mahonia, and fescue.

Another forest type is found on the North
Rim above 8,200 feet. This spruce-fir forest
is characterized by Englemann spruce, blue
spruce, Douglas fir, white fir, aspen and
mountain ash. Typical plants include
several species of perennial grasses,
groundsels, yarrow, cinquefoil, lupines,
sedges and asters.

Fire Effects

Natural fire presence or absence influences
the number and distribution of plants and
animals in an ecosystem. Fire suppression
in the Grand Canyon region during the 55
years before 1978 (when a prescribed fire
program was instituted at Grand Canyon)
has changed the structure and vegetation
composition of the pre-settlement forest
and shrub communities. Many communities
are fire-dependent for the perpetuation of
natural processes. Research conducted on
both the North and South rims shows that
these forests are adapted to frequent, low-
intensity fire. However, the spruce-fir forest
of the North Rim, above 8,200 feet, is
characterized by both low-intensity and
infrequent, high-intensity fires.

In fire’s absence, thick stands of young
pine, spruce, and fir have closed in upon
the once open parklike North Rim forest.
Lack of natural burning allows tree crowns
to close in and shade many forage plants
that support forest animal populations.
Dense stands of trees allow the rapid
spread of forest infestations such as dwarf
mistletoe. The deep accumulation of forest
litter improves the habitat for some nui-
sance insects. Tree crowding contributes to
the general slowing of growth rates and
lowered resistance to disease and insect
infestations. The large quantities of forest
fuels accumulated due to previous fire
suppression activities. There is a decrease
in herbaceous and shrub production,
disruption of nutrient cycling, and ecosys-
tem simplification with decreased species
and landscape diversity.

The Park’s forested areas are now suscep-
tible to holocaust, stand replacing fires.
Unburned fuels due to fire suppression
have accumulated to unsafe levels so that
wildfire threatens entire forest stands and
endangers Park developed areas. Since
1978, the Park has accomplished less than
13% of the projected area to be treated by
prescribed fire. The remaining 87% involves
significant complexity, much of it without
precedent to the National Park Service.

Expanding the prescribed fire zone into
some of the wilderness zone on North Rim
is important to return to a natural fire
regime. Achievement may take decades
since several large and complex manage-
ment ignited prescribed fires must be
executed near these areas.
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Vegetation Resources

Endangered/FProtected Species

Currently there is one Federally listed
endangered plant in Grand Canyon: the
sentry milk-vetch (Astragalus cremnophylax
var. cremnophylax ). In addition, there are
seven “species of concern,” formally
termed Category 2 plants by the U.S. Fish
and Wildlife Service under the Endangered
Species Act (ESA). There is not enough
evidence at this time to support listing
these seven species; but should additional
information on threats to their populations
become available, they may become
candidates for listing. (See: U.S. Fish and
Wildlife Service. 1996. "Endangered and
Threatened Species, Plant and Animal
Taxa; Proposed Rule.” February 28, 1996,
Federal Register, Part lll).

Outside Park boundaries are three Feder-
ally listed plants: the Brady pincushion
cactus is endangered, and the Welsh
milkweed and Jones cycladenia are threat-
ened. There are three proposed candidate
plants and nine “species of concern.” No
populations of these species are presently
known within the Park. But in some cases
suitable habitat does exist, and populations
may be discovered in the future.

Additional protection is afforded many
native plants by the Native Plant Law
developed by the Arizona Commission of
Agriculture and Horticulture. Unauthorized
collection of these plants is illegal without a
permit. Also, Federal agencies with lands
next to the Park have assigned special
status designations to many species.




Resource Management Plan ¥

Wildlife and Fisheries

Its large size, relatively unfragmented and
diverse habitat, and range of elevations and
associated climates have made Grand
Canyon National Park a valuable wildlife
preserve. The current Park wildlife species
database includes 315 birds, 88 mammals,
50 reptiles, 8 amphibians, 21 fishes (includ-
ing five native species), and thousands of
aquatic and terrestrial invertebrate species.

The Park spans nearly 8,000 ft. in eleva-
tion, from the Mohave desertscrub regions
along the Colorado River in the Park’s
western end of the Kaibab Plateau’s
subalpine conifer forests on the North Rim.
Three broad habitat types will be used to
group Park wildlife: the River corridor and
inner canyon riparian areas, inner canyon
desert uplands, and the coniferous forests.

River Corridor and Inner Canyon
Riparian Areas

The riparian habitat along the Colorado
River corridor has developed since 1963 in
response to controlied releases from Glen
Canyon Dam, making Grand Canyon the
only place in the Southwest where large
riparian habitats have been created rather
than degraded or destroyed.

Patchily distributed, naturalized riparian
habitat along the main Colorado River
channel and tributaries supports diverse
and abundant wildlife assemblages, and
provides critical habitat for riparian-
dependent species. Most animal species
that inhabit the inner canyon depend on
these riparian areas directly
or indirectly for food and
cover during at least part
of their annual cycles. The
densities of some
lizards and birds
along the River have
been found to be
.~*  the highest
recorded any-
where.

Until Glen Canyon Dam was completed in
1963, the Colorado River’s aquatic system
was dominated by native fish. These
native species were specifically adapted to
highly variable seasonal fluctuations in
sediment load, flow, and temperature, and
were severely impacted by dramatic
changes resulting from the dam. The
introduction of nonnative fish contributed to
competition and direct mortality. Of the
eight native species found in the River
before 1963, three species are now extir-
pated in the Grand Canyon (the Colorado
squawfish, and the bonytail and roundtail
chubs), two are barely holding on (hump-
back chub and razorback sucker), and three
are still considered common (speckled
dace, flannelmouth and bluehead suckers).

Programs to introduce nonnative species
for sport and food began at the turn of the
century. Most releases were warm-water
fish from the eastern U.S., although carp
and brown trout were also stocked. Several
trout species were introduced for sport
purposes by the NPS, Arizona Game and
Fish Department (AGFD), and the USFS in
the 1920s. While the NPS ceased stocking
in 1964, AGFD continues to plant rainbow
trout near Lees Ferry. At least 16 species
of nonnative fish can now be found in the
Grand Canyon stretch of the Colorado. This
number may increase, as fish stocked in
lakes Mead and Powell could move into the
Canyon.

Due to previous fish-stocking programs, a
popular sport fishery now exists in Grand
Canyon. The stretch below Glen Canyon
Dam is the most favored, but some tributar-
ies also receive moderate to heavy fishing
pressure. The presence of rainbow trout
spawning in tributaries also provides a food
source for overwintering bald eagles. Some
concern has been expressed about poten-
tial eagle disturbance by anglers at
Nankoweap Creek.
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Another impact of recreational fishing in the
Grand Canyon is the accidental catch of
endangered native species. This is of
particular concern outside the no-fishing
zone (within one-half mile of the Little
Colorado River confluence) since the
remaining humpback chub population
exists ten miles above and below the Little
Colorado confluence.

Plant species’ diversity and lush growth
along the newly created riparian zone
provides many bird habitats in a relatively
small area. River corridor bird use illus-
trates this habitats’ importance. Of the 315
bird species recorded in the greater Grand
Canyon region, 250 (79%) were found in
the River corridor. Only 48 bird species
regularly nest along the River; others use
the River as a corridor through the desert
or as overwintering habitat.

Vegetation occurs in discrete patches
rather than continuously along the River.
Patch size is an important factor in deter-
mining its suitability for a bird species.
Patches that may sustain some species for
breeding may be too small for other spe-
cies. Some species avoid nesting in small
vegetation patches, presumably due to a
lack of suitable nest sites or food, or
vulnerability to predators.

Fire, disease, and erosion due to river
processes or human use affect these
vegetation patches and their use as wildlife
habitat. Any changes in the flow regime of
Glen Canyon Dam will modify the distribu-
tion and species composition of riparian
vegetation. These changes will in turn
effect the bird communities along the
corridor, benefiting some species and
thwarting others.

Under post-Dam conditions, large numbers
of waterfowl have begun using the stretch
below Glen Canyon Dam during winter,
peaking in late December and early Janu-
ary. Nineteen species have been regularly
reported between Lees Ferry and Soap
Creek, at a density of 136 ducks per mile.
The diversity and number of waterfowl
using this area attests to the abundant food
resources in the productive clear, cold
aquatic ecosystem. This ecosystem is
based on the trophic relationships that exist
between filamentous green algae, diatoms,
amphipods, and larval insects.

Of the 34 mammal species found along the
Colorado River corridor, 15 are rodents and
eight are bats. While river otters and
muskrats are extremely rare, beavers and
other rodents have probably benefited from
the Dam’s presence, increasing their
distribution. By cutting willows, cotton-
woods, and shrubs for food, beaver can
significantly affect riparian vegetation.
Other rodents are mostly omnivorous,
using many different vegetation types.
While bats typically roost and inhabit desert
uplands, the insect abundance along the
River and tributaries attracts foraging bats
from throughout the inner canyon and
conifer forests on both rims.

Coyotes, ringtails and spotted skunks, which
are the most numerous riparian predators,
prey on invertebrates, rodents and reptiles.
Raccoon, weasel, bobcat, gray fox, and
mountain lion are also present, but much
rarer.

Mule deer and desert bighorn sheep are
the ungulates which frequent the River
corridor. Observational evidence suggests
that since the removal of 500 burros by
1981, the number of bighorn sheep has
increased. Mule deer are generally not
permanent residents along the River, but
travel from the rim when food and water
resources become scarce there.
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There are 27 known amphibian and
reptile species that reside in the River
corridor. The three most common amphib-
ians (canyon treefrog, red-spotted toad,
Woodhouse’s toad) need the River corridor,
or tributary riparian areas with perennial
water, for breeding. However, these spe-
cies are more tolerant of desiccation than
most amphibians, and red-spotted toads
have been found as far as one-half mile
from a known water source. Leopard frogs
are also very rare in the corridor, and are
known to exist at only two sites.

Of the remaining 23 reptile species, ten are
considered common along the corridor.
Reptiles use both upland desert and
riparian sites, but higher densities are
supported in riparian areas due to the rich
invertebrate food source and vegetation,
and the per site abundance near water.

Lizard density tends to increase from the
upland desert to the water’s edge. Within
the zone between water’s edge and open
tamarisk sites, lizard densities are equal to
or higher than other Southwestern sites.
Gila monsters and chuckwallas are the two
largest lizards in the Canyon, with chuck-
wallas much more common.

Many snake species, which are not directly
dependent on surface water, may be found
both within the inner gorge and the River
corridor. Since many snakes feed on
lizards, higher prey densities along the
River probably result in higher snake
densities as well. Five rattlesnake species
have been recorded in the Park. Two are
distinct species rarely encountered, the
Southwestern speckled Rattlesnake and
the Northemn black-tailed rattlesnake. The
other three snakes are subspecies of the
Western diamondback rattlesnake complex:
the Grand Canyon rattlesnake, Great Basin
rattlesnake, and the Hopi rattlesnake. Of
these, the grand Canyon Rattlesnake is
most commonly encountered in the inner
canyon, the Hopi on the South Rim, and the
Great Basin on the North Rim.

Resource Management Plan Joooooa s

As the demand for reptiles in the pet trade
increases and collectors seek new sources
of supply, many national parks are having
problems with illegal reptile collection,
especially rattlesnakes.

The highest abundance of Park
invertebrates is found in the River corridor.
Invertebrates play a major role in food
pyramids that link the aquatic and terrestrial
systems, and also serve as the basis for the
vertebrates in the Canyon.

Kanab Ambersnails (Oxyloma haydeni
kanabensis), discovered in 1991 at Vaseys
Paradise, are known to exist at only one
other site in southern Utah. The Vaseys
population size is not known definitively, but
was estimated in fall 1995 to be ca. 106,000
individuals. Searches at more than seventy
other springs and seeps along the Colorado
River have failed to locate any other Kanab
Ambersnail populations.

Inner Canyon Desert Uplands

The biotic communities of the desertscrub
uplands are influenced by the four North
American deserts from which they are
derived (further described in the Vegetation
Resource Section). Moving upriver, as the
elevation becomes higher and the climate
cooler, there are fewer cacti, creosote, and
brittlebush, and more widely spaced shrubs
such as white bursage and blackbrush.
Widespread erosion and rock weathering
has created numerous scree slopes and
talus fields that provide numerous animal
hiding places. The arid conditions of the
desertscrub uplands favor a fauna com-
prised chiefly of reptiles and desert-adapted
rodents, although birds also breed in the
uplands and cliff areas.

.
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Wildlife and Fisheries Resources

Approximately 30 bird species breed
primarily in the desert uplands and cliffs of
the inner canyon. There are no endemic
birds; virtually all species present breed in
other suitable habitats throughout the
Sonoran and Mohave deserts. It is esti-
mated that at least 100 pairs of peregrine
falcons nest along the cliffs of the inner
canyon. The abundance of bats, swifts, and
riparian birds provides ample food for
peregrines, and suitable aerie sites are
plentiful along the steep canyons. Unless
overwintering survival is a limiting factor in
population regulation, the peregrine popula-
tion is likely to continue to increase.

The mammalian fauna includes 50 spe-
cies, mostly rodents and bats. Three of the
five Park woodrat species occur in
desertscrub. Many generations of woodrats
inhabit the same middens, which can serve
as valuable indicators of past climatic
conditions and associated vegetation.
Numerous caves in the inner canyon
provide roost sites for migratory and
resident bats. Maternity colonies are
especially prone to disturbance from human
exploration, and greater efforts are needed
to inventory Park caves for bats, and
establish protective measures where
necessary.

Amphibians are generally absent from
upland areas that are more than one mile
from water. Except for the desert banded
gecko, which seems to be distributed only
near water along the Colorado River, all
reptiles known to inhabit the River corridor
also appear in the uplands, albeit in lower
densities.

Coniferous Forests

The three forest types are pifion-juniper
between 4,000 and 6,200 feet; ponderosa
pine with Douglas fir, white fir, and aspen
up to 8,200 feet; and subalpine spruce-fir
above 8,200 feet. The higher elevation
conifer forests of the Kaibab Plateau, and
to a lesser extent the Coconino Plateau,
provide habitat patches for species usually
found much further north. These “sky-
islands” result in disjunct distributions of
many species in the western U.S.

The conifer forests of the Grand Canyon
region have been extensively altered by
past practices of cutting, fire suppression,
and overgrazing. As mentioned in the
Vegetation Section, fire suppression has
transformed the forests from an open
parklike setting into a thick, dense forest
choked with many young trees. These
changes have presumably impacted wildlife
species that prefer open canopy forests,
such as Kaibab squirrels and goshawks.
But more species of mammals and breed-
ing birds are found in the conifer forests
than either the inner canyon or River
corridor habitats.

Of the approximately 90 bird species that
breed in the coniferous forests, 51 are
summer residents and at least 15 of these
are known to be neotropical migrants.
Impacts to bird populations from Park
prescribed-fire activities are poorly known
at present, but have the potential to drasti-
cally alter species distributions and popula-
tion levels. Goshawks and spotted owls are
threatened elsewhere in the Southwest
from logging activities. Goshawks in
particular, and to a lesser extent spotted
owls, find refuge in the Park primarily in the
conifer forests and upper side canyons
along the North Rim.
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The conifer forests provide habitat for 52
mammal species. On the Kaibab Plateau
are found small mammal species more
typical of northern latitudes, including
porcupines, shrews, red squirrels, and
several bat species.

Human activity during the last century has
left its mark on the mammal fauna. Three
species are reported to have been hunted
to extirpation: the wolf, jaguar, and the
grizzly bear. Predators were targeted for
removal on the Kaibab from 1906 to 1939,
resulting in the destruction of 816 mountain
lions, 30 wolves, 7,388 coyotes, and 863
bobcats. Lion densities remain low to this
day, attesting to the long-term impacts of
these programs.

The 1920s Kaibab mule deer explosion
resulting from overambitious predator
control and hunting elimination, was classic
wildlife mismanagement. The mule deer
population increased from 4,000 in 1906 to
100,000 in 1924. The subsequent inevitable
starvation left 10,000 deer by 1936.
Although livestock grazing was discontin-
ued in 1920 on the Kaibab Plateau, the
habitat degradation that resulted from the
presence of so many deer is still evident.
Timber cutting on Kaibab National Forest
lands since 1944 has benefited deer by
increasing the early successional stage
forest, which contains optimal forage. This
is in sharp contrast to fire suppression,
which reduces available deer forage. From
1969 to 1984, deer population levels
fluctuated between 4,700 and 25,000
animals.

Mule deer on the Kaibab Plateau migrate
from lower elevation pifion-juniper forests in
the winter to higher elevation mixed-conifer
forests in the summer. Included within Park
boundaries is five percent of their available
overwintering habitat and 25% of their
summering habitat.

Arizona’s native elk, Cervus merriami, were
hunted to extinction by the early 1900s.
Rocky Mountain elk were subsequently
transplanted in Arizona, and populations
have become established as far north as
the South Rim and as far west as Havasu
Canyon. In the Park’s vicinity, these elk
have so increased in number and size
during the last 20 years that they are now
considered a trophy population, and man-
aged accordingly by the Arizona Game and
Fish Department.

Bear have always been uncommon in this
region, and reports remain rare. The last
bear known to frequent the Park on the
North Rim was killed outside the Park in
1991 after it became a nuisance, feeding on
trash. However, bears could disperse into
the Park from adjacent Forest Service land,
where hunting is now prohibited.

The tiger salamander and the spadefoot
toad, two amphibians not usually found in
the other two habitats, occur in spruce-fir
forests. Most reptiles are found in the
pifon-juniper and ponderosa pine regions,
especially the mountain short-hormned lizard,
which is found chiefly in pifion-juniper
forests on the Canyon’s rims.
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Another of the early Canyon explorers was
Louis Boucher. Boucher, known as “the
Hermit,” came to the Canyon around 1891.
He was a quiet man who enjoyed the
Canyon'’s solitude. More Canyon areas are
named for Boucher than for any other
individual: Hermit Creek, Hermit Canyon,
Hermit Trail, Hermit Rapid, Boucher
Canyon, Boucher Creek and Boucher
Rapid all bear his name. He made his
homes both within Hermit and Boucher
canyons, developing trails, water sources,
farming areas, tourist accommodations and
mining claims. Although he left the Canyon
sometime before 1912, his contributions to
early Park development are still significant.

Railroad Development

To increase ridership on its cross-country
trains, the nation’s major railroad compa-
nies began to promote the great natural
wonders and national parks of the Ameri-
can West for tourism. The arrival of the
Santa Fe Railroad in 1901 shifted the
primary tourist focus to the area of the
South Rim near the Bright Angel Trailhead.
The Santa Fe Railroad Station (Grand
Canyon Depot) was unique among railroad
stations in its log construction and rustic
design. The Bright Angel Hotel was begun
as a tent camp by J.W. Thurber, a stage
operator who extended the stage route
from Hance’s Motel to Bright Angel Canyon
in 1895. Probably the first person to build in
this area was “Bucky” O’Neill, a journalist,
mayor, sheriff, soldier and promoter who
was also fond of the Canyon. His log cabin
is the oldest surviving structure on the rim.
Ralph Cameron, another early Canyon
entrepreneur, moved a cabin to the area
and added a porch and second story in
1902, naming it the Cameron Hotel. Devel-
opment of tourist facilities by the Fred
Harvey Company in conjunction with the
Santa Fe Railway began during this time.
El Tovar Hotel and Hopi House curio shop,
both examples of this early partnership,
were both completed in 1905.

Entrepreneurs such as the Kolb Brothers
and John G. Verkamp constructed what are
now the few remaining examples of pio-
neer/vernacular style structures. The Fred
Harvey Company and Santa Fe Railroad
used Rustic, Swiss Rustic and Ethno-
Historic Styles of architectures to evoke
romantic images of pioneer construction
and the rustic character of the western
frontier.

Mary Elizabeth Jane Colter designed the
Hopi House as a replica of structures
indigenous to the Hopi mesas east of the
Canyon. She then designed both Lookout
Studio and the Hermits Rest concession
buildings to blend with natural rock forma-
tions in the true spirit of rustic architecture.
As a true expression of the politics and
competition of the time, Lookout Studio was
intentionally placed by the Fred Harvey
Company to obscure the visitor’s view of
Kolb Studio from El Tovar.

Federal Administration

From 1905 until 1916, the United States
Forest Service administered the Grand
Canyon area. Even though the USFS
developed a townsite plan, very little
development was completed until after the
area became Grand Canyon National Park
in 1919. The National Park Service Land-
scape Engineering Department developed
its own townsite plan, and working closely
with the Santa Fe Railway and Fred Harvey
Company, expanded Park visitor and
administration facilities over the next two
decades. Grand Canyon Village is one of
the earliest, most ambitious and most
significant examples of 1920s American
Town Planning, and a very significant
cultural landscape. The landscape is in
process of nomination for landmark status
as part of the NPS thematic nomination of
landscape architecture in the national
parks.
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During the early 1900s, administration,
housing, and maintenance facilities were
constructed by both the NPS and the
concessioner. Stephen Mather addressed
the issue of development in national parks
as follows:

...In the construction of roads,
trails, buildings and other improve-
ments, particular attention must be
devoted always to the harmonizing
of these improvements with the
landscape....

Most buildings constructed during this
development period are still standing, and
many are used for their originally designed
purpose. They were constructed in what is
now referred to as NPS Rustic style,
although many were designed by conces-
sion architects. The Grand Canyon Village
Historic District includes many of these
structures, although the District has more
structures built by the Fred Harvey Com-
pany during these years than by the NPS.

Park development changed from a tourist
trade based on railroad transportation to
one based on the automobile in the late
1920s. Even though the Depression caused
a decline in visitation, it was short-lived, and
the need for facilities development contin-
ued. In 1935, the Bright Angel Lodge
complex, designed by Mary Colter, was
completed.

By this time the Fred Harvey Company had
developed tourist facilities in the bottom of
the Canyon at Phantom Ranch. Colter
designed not only the structures but care-
fully planned the siting and location of the
buildings in relation to each other. These
buildings inspired other architects working
at the Park.

The Union Pacific Railway, at the urging of
the National Park Service, had developed
facilities on the North Rim at Bright Angel
Point. These buildings, the North Rim Inn,
and the NPS Headquarters area, their
architectural style and the way in which they
were sited on the landscape followed the
same rustic tradition.

The Ranger Station Complex at Tuweep
provided not only a functional home in a
remote location, but also continued the
rustic architectural standard as a romantic
welcome to adventurous visitors who
arrived there.

Civilian Conservation Corps (CCC)

In the mid-1930s the NPS used assistance
from the Civilian Conservation Corps to
maintain and expand visitor-related facili-
ties. Projects involving the CCC were
integrated within the Canyon at places like
Indian Garden and Phantom Ranch, as well
as in the developed areas on both the North
and South rims. Four CCC camps focusing
on projects such as road and trail building,
erosion control, fire protection and building
construction. Most development in Grand
Canyon National Park between 1933 and
1941 was the direct result of the Civilian
Conservation Corps labor. The oral history
of this significant time in the Park’s develop-
ment is a significant resource which needs
further attention.

Trails, Canyon overlooks, roads, retaining
walls, monuments and structures estab-
lished a design pattern and language
throughout the Park. CCC programs
influenced the NPS and further refined and
institutionalized the concepts of NPS Rustic
Architecture.
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In 1935, NPS architect Albert H. Good
defined the style as follows:

...Successfully handled, it is a style
which, through the avoidance of
rigid, straight lines, and over-
sophistication, gives the feeling of
having been executed by pioneer
craftsmen with limited hand tools.
It thus achieves sympathy with
natural surroundings and with the
past....

Arno B. Cammerer, Director of the National
Park Service in 1935, stated a similar
design philosophy during this period:

...In any area in which the preser-
vation of the beauty of nature is a
primary purpose, every modifica-
tion of the natural landscape,
whether it be by construction of a
road or erection of a shelter, is an
intrusion. A basic objective of
those who are entrusted with
development of these areas for the
human uses for which they are
established, is, it seems to me, to
hold these intrusions to a minimum
and so to design them that,
besides being attractive to look
upon, they appear to belong to and
be part of their settings....

Historic FProperties

At present, six historic districts, two prehis-
toric sites and one individual structure are
listed on the National Register of Historic
Places. The Park’s historic properties
include 124 buildings listed as National
Historic Landmarks, 336 listed on the
National Register of Historic Places and an
additional 44 determined to be eligible. The
List of Classified Structures contains 884
properties. In 1980 the entire Park was
determined eligible by the State Historic
Preservation Officer as an archeological
multiple resource area; this nomination is
still pending.

Many of the Park’s historic properties are
worthy of preservation. In most cases, the
significance of an individual building is
based on architectural style, association
with master designers, technical (engineer-
ing) qualities, or associations with broad
patterns of history. As a whole, the historic
properties at Grand Canyon National Park
may have national significance for their use
as a model of Park development. Site and
building integrity makes the area useful in
interpreting land use and history which is of
local, regional and national significance.

Historic Structures

These resources have been described
somewhat in the previous section on
historic resources. Over 450 historic
structures, most representative of NPS
Rustic architecture, were designed and built
between 1900 and 1940. These varied
cultural resources illustrate the general
historic development of the American West.
More than that, they represent human
exploitation, adaptation, and finally, recre-
ation in an extremely rugged and diverse
environment.

Cultural Landscapes

Cultural landscapes are setting we have
created in the natural world (NPS-28, 1:8).
They not static, nor have they ever been.
Landscapes evolve sometimes rapidly to
accommodate new technologies, use
patterns and lifestyles. The key to cultural
landscape preservation is to understand
them--what is significant about them and
which character-defining features to
preserve. Sometimes these features may
be small and relatively easy to preserve,
such as a vegetation type or certain land-
scape features. However, sometimes what
defines a landscape’s character is the way
a building relates to other buildings, to site
features, roads and work areas. For
example, the Power House on the South
Rim historically related very strongly to the
railroad tracks, hence its location and
orientation in the village.
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A change in this strong relationship may
disrupt this character-defining feature.
Cultural landscapes define the context and
setting for historic structures. These
developments have been described some-
what in the previous section on historic
resources.

Like historic buildings and districts, cultural
landscapes reveal aspects of our country’s
origins and development through their form
and the ways they were used. They tell us
about our evolving relationship with the
natural world. At Grand Canyon, most of
the developments began to take form
during the height of rustic architecture and
town planning.

Grand Canyon Village on the South Rim is
under consideration for National Landmark
status. Overlooks, trails and roads con-
structed by the CCC illustrate excellent
examples of development for recreational
purposes at Grand Canyon during the
1930s, and are significant cultural land-
scapes. Sixteen cultural landscape areas
have been identified.

Resource Management Plan g g e

Museum Collection

Museum objects are manifestations and
records of behavior and ideas that span the
breadth of human experience and depth of
natural history (NPS-28, 1:8). Museum
collection goals are to preserve, and
provide for research and educational
purposes, materials which are representa-
tive of Park natural and cultural resources.
The collection is comprised of over 250,000
cultural and natural history objects. It is
divided into six major subcategories:
biology, paleontology, geology, history,
archeology, and ethnology. Over 1000
people use the collection each year includ-
ing staff, researchers, and publishing
companies.

The collection is an important record of the
natural history and changing Park environ-
ment. For example, the Park has one of the
largest paleontology collections in the
National Park Service including specimens
unavailable elsewhere. The quaternary
collection documents changes in the
Canyon’s environment approximately
10,000 years ago, when animals such as
ground sloths were using caves. The
collection also maintains geologic, insect,
herbarium, study skin, bone, and wet
specimen collections.

Large collections of natural history speci-
mens exist at facilities such as the Museum
of Northern Arizona (insects), and Northern
Arizona University (paleontological and
herbarium collections). These collections
have yet to be catalogued into the Park’s
collection, although knowledge of them is
important to staff and researchers. All
collections removed from Federal lands are
the property of the land managing agency,
and these collections, although housed
outside the Park, are part of the Park
collection.
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The cultural history collection contains
materials which document the Park’s
human history. The ethnography collection
contains a small collection of material
documenting the crafts of American Indians
around the Grand Canyon area. The
archeology collection protects over 100,000
artifacts documenting the presence of
humans in the Canyon for the last 10,000
years. The history collection contains
artifacts and archives documenting recent
human activities in the Park including early
exploration, mining, the development of
tourism, and government management.

Throughout the 1920s and 1930s, Park
employees collected materials which form
the basis of the current collection. The
intent was to preserve representative
specimens of all Park areas, to serve as a
leaming tool for employees, and for exhibit
purposes. Heavy emphasis was placed on
natural history specimens, though cultural
material, specifically archaeology materials
for exhibit needs, was also collected. With
the nature of the Park’s small museums
and limited exhibit space, the collection has
become research-oriented rather than
exhibit-oriented.

Once the orientation toward research
began, collections with specific interests
were conducted. Some of these collections
have become part of the Park research
collections; others are housed with the
research institution, and these have not
been cataloged into the Automated Na-
tional Catalog System in use at the Park.
At the time some of the research was
conducted, collection permits were not
required. The research institutions in some
cases may be unaware of the NPS owner-
ship. Collections also increased due to the
need to preserve artifacts and specimens
which might have been destroyed due to
various construction or other destructive
events.

While all collections have inherent value
due to the objects they contain, the collec-
tions at Grand Canyon National Park have
an intangible value due to the national
prominence of some of the collectors and
donors. A partial list of these donors
includes Marian Albright, Bruce Babbitt,
Stephen Booth, Ferdinand Burgdorff,

J. Harvey Butchart, Mary E. Jane Colter,
Barry Goldwater, Marguerite Henry,
Francois Mathes, John H. Maxson,
Nicholas Roosevelt, Clyde Searl,

John Wetherill, and David White.
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Recreational and

Experientia[ Kesources

Grand Canyon’s natural and cultural
resources in addition to its clean air,
temperate climate, solitude, generally
unspoiled environment, and opportunities
for outdoor experiences, all combine to
make the Park a major national, and
increasingly international, visitor attraction.
The Grand Canyon has internationally
recognized scenic vistas, experiential
qualities, and recreational values. With the
Canyon’s enormous proportions and the
ever-changing play of sunlight and shadow
on its geologic formations, it is widely
considered one of the world’s most beauti-
ful natural areas. Its great scenic variety
includes forests, deserts, canyons, grass-
lands, plateaus, volcanic features, streams
and waterfalls.

The Canyon’s Class | air quality is ex-
tremely important for enjoying its scenic
qualities (i.e. visibility, colors and details) for
both daytime and night-sky viewing. The
Canyon also allows for direct access to
numerous opportunities for solitude and
contemplation. With these rare qualities,
the Grand Canyon is recognized and
sought out as a place of unusual and
noticeable natural quiet. Grand Canyon’s
natural, cultural and scenic qualities,
coupled with its vast size, give rise to
inspirational and spiritual values and a
sense of timelessness.

The Grand Canyon is the largest and
possibly the most diverse wilderness on the
Colorado Plateau, ranging from the Kaibab
boreal forests to the Joshua tree forest of
the Mohave Desert. Grand Canyon National
Park forms the core of a 1.5-million-acre
wilderness consisting of proposed National
Park Service units and designated Forest
Service and Bureau of Land Management
wildernesses.
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A great diversity of resource-based recre-
ational opportunities and support services
help visitors experience, enjoy, and appreci-
ate the wide range of recreational opportu-
nities that are available in the Park’s
developed and wildemess zones.

Developed Frontcountry Areas

Within the developed rim areas, visitors
have easy access to trails and overlooks,
as well as opportunities for solitude and
contemplation. The developed areas also
contain commercial services including
developed campgrounds, hotels, restau-
rants, cafeterias, curio shops, grocery
stores, filling stations, post offices, and
medical services.

South Rim

The South Rim presents opportunities
different from those available in other Park
areas. Of utmost importance is direct
access to the rim where panoramas provide
the Park’s aesthetic, inspirational, and
emotional appeal—one of the main reasons
people visit. The South Rim remains the
focus for most Park visitors, with diverse
opportunities for Canyon viewing, from
Desert View to Hermits Rest. The South
Rim accommodates large numbers of
visitors, but the experience may include
dense crowds and related conflicts and
resource impacts.

Visitors can experience solitude in a natural
setting as well as social exchange in
developed areas.

North Rim

The serene and beautiful natural environ-
ment, sweeping Canyon views, and a
relaxed, uncrowded feeling are the prime
qualities of the North Rim developed area.

The North Rim and the adjacent national
forest offer a low-key and uncrowded
atmosphere that offers opportunities to be
intimately involved with the environment.
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Tuweep

Tuweep is unique at Grand Canyon since it
is remote yet accessible by car. This area
is known for its spectacular views of the
Colorado River, especially Lava Falls, a
maijor rapid. Excellent examples of volcanic
activity include dramatic views of Vulcan's
Throne, a cinder cone precariously perched
on the inner gorge, as well as the Uinkaret
Mountains extending northward into the Mt.
Logan and Mt. Trumbull wildernesses.

Visitor facilities are minimal, consisting of
uncrowded, semi-primitive campgrounds
and a ranger station.

Human occupation at Lees Ferry extends
back hundreds, perhaps thousands, of
years. Petroglyphs and other artifacts
indicate prehistoric occupation by Pueblo
and hunting and gathering societies well
before European arrival. The Lees Ferry

_ Historic District contains a variety of stone

structures that date back to the late nine-
teenth century. A short stroll up the Paria
ends at Lonely Dell; the ranch first occu-
pied by, and the ferry crossing first oper-
ated by, the infamous John Doyle Lee.

Lees Ferry provides direct vehicular access
to the Colorado River. Visitors can enjoy
excellent trout fishing from shore or by

~ boating upriver. Lees Ferry is the launch

- — - (-

site for over 800 white-water river trips
each year. River trip length ranges between
three days and three weeks._‘_ I

Cross-Canyon Corridor

The most intense use of the inner canyon
occurs in the non-wilderness cross-canyon
“Corridor,” which consists of developed
trails and campgrounds along the Bright
Angel, South Kaibab and North Kaibab
trails. This area is a semi-primitive devel-
oped zone that receives high levels of day
and overnight use. Ranger stations and
medical assistance are available at Indian
Garden, Bright Angel and Cottonwood
campgrounds.

Lodging and dining facilities are available at
Phantom Ranch, a small rustic historic
lodge where visitors can experience the
inner canyon. Day-use hiking, mule rides,
fishing and overnight use account for the
high use-levels in this area.

Additional rustic facilities have historically
been provided along the trails to meet
visitor needs. For over a hundred years,
mules have carried visitors into the Canyon,
hauled supplies, and helped with trail
maintenance.

The corridor trails are the main transporta-
tion routes for most visitors into the inner
canyon. Services, such as drinking water
and toilets, are provided at critical locations
for visitor safety and to reduce environmen-
tal impacts.




Proposed Grand Canyon Wilderness

Grand Canyon National Park consists of
over one million acres of primitive lands and
proposed wilderness, approximately 240
free-flowing miles of the Colorado River,
and the developed inner-canyon Corridor
areas including Indian Garden, Phantom
Ranch and Cottonwood. Over 23,000
visitors float the River annually. Approxi-
mately 800,000 visitors day-hike in the
Canyon each year. Over 15,000 people
hike and camp in the proposed wildermness,
and 25,000 use Corridor campgrounds. The
total annual corridor and wilderness use
including the River is 275,000 user-nights.
Over 90% of the Park, including the River,
is proposed for wilderness designation.

In addition to being characterized by an
absence of human-produced structures and
roads, wilderness is also characterized by
the lack of human-produced sounds. While
efforts are being made to reduce noise
levels throughout the Park, noise levels
within the inner canyon are particularly
troublesome due to the lower ambient
(background) sound conditions present
there (thus a reduced muffling effect), the
expectation of solitude and quiet held by
visitors, the expanding

air-tour overflight indus-
try, and a legislative

mandate to “substantially
restore conditions of
natural quiet.” Conditions
of natural quiet (i.e.,
conditions where the only
sounds audible are those
produced by nature) are
critical to both the defini-

tion of wilderness and

human perceptions of a
wilderness experience.
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Thus, wilderness is defined by its visual,
aural, and social characteristics. The
importance of solitude, natural quiet, and
wilderness experience is attested by the
large number of visitors willing to travel long
distances and expend great physical effort
to reach the often remote areas where
these qualities may be experienced.

The proposed wilderness contains hundreds
of miles of trails and routes which provide
diverse recreational opportunities and
experiences. Most of these trails have
received little or no maintenance for de-
cades, and many contain sections of
serious resource damage.

Wilderness Opportunity Spectrum (WO5)

This approach offers a spectrum of wilder-
ness conditions including finer gradations of
naturalness and solitude, i.e., primitive
conditions. The WOS is a zoning strategy
which delineates particular areas where
different management prescriptions apply.
While the WOS permits a range of natural-
ness and solitude based upon different
levels of recreational use, all opportunity
classes must lie within the range of wilder-
ness criteria regarding natural conditions
and visitor experience. The Grand Canyon
proposed wilderness is divided into three
zonal opportunity classes: threshoid,
primitive, and wild, with a total of 84 distinct
management areas.

Threshold Opportunity Class areas are
the most intensively used within Grand
Canyon'’s proposed wilderness. Threshold
areas have designated campsites and
limited facilities such as toilets. These areas
are managed for the highest use levels
consistent with visitors’ expectations
regarding wilderness verified thorough
research and monitoring. Of the 84 total
areas at Grand Canyon, 24 are in the
Threshold Class.

Visitors in threshold classes are likely to
have contacts with other campers, day
hikers and river runners.
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Primitive Opportunity Class areas
provide a greater opportunity than threshold
zones for an isolated and remote experi-
ence. Camping is primarily at-large, except
in areas that require special management
actions for resource protection. Of the 84
total areas at Grand Canyon, 39 are
Primitive Class

Opportunities for solitude are likely,
although contacts with other overnight
users and river runners may occur.

Wild Opportunity Class areas provide the
greatest opportunity for an unconfined,
solitary experience. Of the 84 areas at
Grand Canyon, 21 are Wild Class.

Contacts with other hikers are unlikely and
contacts with river runners are less fre-
quent than in other areas.

Colorado River Corridor

The Colorado River, as it flows through the
Park, provides opportunities for one of the
world’s premier river experiences, including
one of the world’s longest stretches of
navigable white water. The River corridor is
proposed for wilderness designation, and
the GMP calls for a wildemess river experi-
ence on the Colorado River. Relatively high
levels of use (motorized and non-motor-
ized) occur during the primary season (May
to September), moderate levels in the
shoulder months (October and April), and
low levels in the winter months (November
through March). Camping is concentrated
on beaches, and high use levels occur at
attraction sites. Visitors are likely to have
many contacts while traveling on the River
and at attraction sites during the primary
season. Contacts are less frequent during
the shoulder months. Opportunities for
solitude exist year-round but are more likely
during the shoulder and winter months.

Regional Recreation
Opportunity Spectrum

Grand Canyon National Park is bounded by
the Kaibab National Forest, Bureau of Land
Management areas, Lake Mead and Glen
Canyon national recreation areas, and tribal
lands administered by the Navajo Nation,
Havasupai, and Hualapai tribes. Opportuni-
ties for off-road mechanized use (all-terrain
vehicles and mountain biking, for example)
as well as fishing, river running, hunting,
horseback riding, camping and motorized-
boat use are available outside the Park.
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Resource
Management
Programs

Grand Canyon National

FPark Science Center
Par’bncrahip

The Grand Canyon National Park Science
Center (GCNPSC) was created in April,
1995. The Science Center is a new concept
that responds in a proactive way to initia-
tives within the Department of the Interior,
the National Park Service, and from exter-
nal sources on a regional or ecosystem
scale to improve agency efficiency, public
service and resource protection. Central to
this effort is the need to work more closely
with associated State and Federal agen-
cies, American Indian tribes, conservation
groups and other organizations that share
an interest in resource stewardship on
public lands.

The Science Center is made up of an
internal NPS operational function and a
partnership program. The NPS staff
includes natural resource scientists, histori-
ans, curators, sociologists, archaeologists,
physical scientists, and other professional
subject-matter experts; technicians who
assist in carrying out field operations; and
technical and administrative-support staff.

Together these people, in consultation with
Partnership members, provide the scientific
knowledge about Park resources necessary
to make knowledgeable and informed
management decisions. This staff also
formulates and prepares resource manage-
ment plan, and provides the leadership to
carry out key portions of the Park’s
resource stewardship program.

The new Science Center organization is
engaged in many of the same operations as
the previous Park resource management
division with the addition or expansion of
social science capability, a proactive
research program which will be carried out
primarily by partnership agencies and
contract research scientists, and the
development of a comprehensive long-term
monitoring program for both natural and
cultural resources. The purpose of expand-
ing the later two operations is to greatly
improve our knowledge and understanding
of Park resource conditions. Periodically
evaluating the status and trends of resource
condition is a fundamental agency responsi-
bility that provides the necessary informa-
tion to develop proactive management
actions that reduce threats to resource
health and visitor enjoyment before they
become serious problems.

The Science Center Partnership Program
includes the regular involvement and
participation of six recognized categories of
science program partners; cooperating
associations, American Indian tribes,
academic and agency partners, citizen
conservation association partners, and
other Park operational units.

The purpose of this partnership is to
integrate the efforts of State and Federal
land-managing agencies, American Indian
tribes, educational institutions, and science
advocates to achieve the shared mission of
protecting and managing natural and
cultural resources within Grand Canyon
National Park, and on adjacent lands.
Primary activities include the identification
of resource issues, the development of
stewardship strategies, and the facilitation
of joint field-science programs.




Science Center Partnership
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to facilitate the implementation of the
concept of ecosystem management,
regional science and management actions.

At this time the scope of the GCNPSC does
not extent to include the entire Colorado
Plateau. Although there is no clearly defined
zone of cooperation, the focus is on those

Grand Canyon

lands where management practices or Grand Canyon Center for
human activities can have an influence on Association Resource
the Park. Interpretation

Agency/
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The Resource

Stewardship Strateqgy

The Resource Stewardship Strategy
includes four elements:
* The Vision
The capabilities and programs that should
be in place by the year 2000.
* Objectives
What needs to be achieved in specific
program areas within the next four years.
* Key Actions
What needs to be done administratively to
fulfill the Vision and meet the Objectives.
* Project Statements
The individual projects that should be
accomplished within this planning period.
Included in Chapter Three are titles of the
highest priority natural, cultural, and
integrated project statements. For a
complete listing, consult the Project
Statement section of this Plan.

Resource Management
Program Vision

By the end of this planning cycle (2000),
Grand Canyon National Park’s resource
stewardship program will include a wide
array of partnerships that enhance program
effectiveness. Park neighbors, the general
public, stakeholder groups, cooperating
agencies and adjacent American Indian
tribes will understand, appreciate, and
support Park resource-stewardship-objec-
tives and programs. The combined efforts
of all stewardship partners, together with a
fully engaged public, will resutlt in a level of
protection and effective management that
will preserve, unimpaired, the resources
and public values associated with Grand
Canyon National Park.

Park staff engaged in resource-stewardship
programs and support activities will be
highly educated, trained and skilled profes-
sionals working in positions that are prop-
erly organized into a proactive and highly
effective work force. Critical positions will
have been filled and/or the functions will be
accomplished through partnerships or other
means.

Resource Management
Program Objectives

These objectives are established to provide
program guidance on how the National Park
Service and partners will achieve the
resource-stewardship mission at Grand
Canyon National Park. The objectives
provide the foundation for the stewardship
strategy, and serve to focus NPS staff and
partners on critical issues and projects.
They represent the best balance of effort to
protect resources, educate stakeholders,
and provide a wide variety of experiences
that are consistent with law and NPS policy.

The objectives are broken down into

natural, cultural, and integrated categories.
Sociological and visitor-based concerns are
listed under integrated resource objectives.




Natural Resource Objectives

Natural Resource Objectives

1.

Restore natural areas damaged by
visitor use, and implement protective
actions needed to prevent future
damage.

Through the development and operation
of a science-based comprehensive
natural resource inventory and monitor-
ing program, develop and maintain an
understanding of the status and trends
of populations, communities and
ecosystems, and the phenology of the
resource.

Restore, enhance, and protect popula-
tions of threatened or endangered
species.

Preserve the natural genetic integrity
and species composition within the
Park, consistent with ecosystem
processes, including the elimination of
nonnative plant and animal species
wherever possible.

Protect natural quiet as a critical Park
resource. Reduce or eliminate exces-
sive or unnecessary noise in, over and
adjacent to the Park which detracts
from visitors’ enjoyment of natural Park
values or which adversely affects Park
resources.

Manage the Colorado River to restore or
“mimic,” to the degree feasible, pre-dam
natural and physical processes, includ-
ing fish, wildlife and plant populations,
and ecological relationships.

Protect and conserve sources and
quality of natural water resources.
Develop a comprehensive database on
surface and ground water sources, and
monitor key sources.

9. Preserve air quality, and protect it from
within-Park, as well as, external degra-
dation. Work toward continued protec-
tion of Grand Canyon's Class | airshed.

10. Reintroduce and maintain fire’s natural
role in Park ecosystems to the maxi-
mum extent possible.

11. Perpetuate the natural, geological, and
ecological conditions and historic
associations of the Park’s cave
resources.
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Cuftural Resource Objectives

Develop a professionally staffed historic
preservation program. Protect the
character and fabric of historic buildings
and other structures through preserva-
tion, restoration, register listing, adap-
tive use, and other appropriate means.

. Perpetuate unimpaired the Park’s

prehistoric cultural resources, protecting
them from vandalism or unauthorized
excavation, collection, appropriation, or
visitor use.

. Obtain and maintain appropriate inven-

tories of cultural resources including a
survey of archaeological sites.

Collect ethnographic data and develop
an ethnohistory for the Havasupai, Hopi,
Hualapai, Navajo, Southern Paiute, and
Zuni in association with the Grand
Canyon, as appropriate, to preserve,
protect and interpret Park resources
and values important to diverse Ameri-
can Indian cultures, including sacred,
significant and traditional use areas.

. Facilitate the achievement of an effec-
tive museum-collection program that is
up-to-date, reflects current preservation
policies, meets most information and
research needs, and provides for the
effective housing of the collection.




Integrated Resource Objectives

Integrated Resource Objectives

1. Develop and maintain a comprehensive
multi-disciplinary research and monitor-
ing program focused on improving our
collective knowledge of natural and
cultural resources, visitors, visitor-based
impacts, and ecological process, with
an emphasis on obtaining specific
knowledge needed to define and
resolve management issues.

2. Continue to develop and maintain an

innovative and proactive interpretation
and education program focused on
enhancing public understanding of the
values and resource stewardship issues
associated with the protection of Grand
Canyon National Park and related
ecosystems and cultural associations.

3. Define and execute a stewardship-

advocacy program, consistent with NPS
policy and law, that integrates informa-
tion gained through science with Park
education and pubilic relations programs
with the goal of strengthening the Grand
Canyon National Park protection
constituency.

4. Clearly delineate and maintain the Park

boundary to protect natural and cultural
resources.

5. Maintain and enhance government-to-

government relationships with neighbor-
ing American Indian tribes, and those
throughout the region who have ances-
tral interests in Grand Canyon.

6. Manage Park resources as part of the

greater Colorado Plateau, recognizing
both the shared natural and cultural
heritage of neighboring governments
and peoples, and the alternative recre-
ational opportunities available within the
region.

7. Manage Park areas included in the
Grand Canyon National Park Wilder-
ness Recommendation as Wilderness.
Actively pursue designation of these
lands as part of the National Wilderess
Preservation System.

8. Maintain facilities, roads, and trails to
prevent resource damage.

9. Protect natural resources from direct
damage or removal by human activities
by maintaining an effective law-enforce-
ment function focused on prevention of
illegal resource-damaging activities.
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Key Actions

Calendar Year 1997

1. Through effective recruitment, leader-
ship, supervision, and training, set high
professional standards for staff carrying
out the resource stewardship mission.

2. Undertake organizational and personnel
management to identify, and fill if
possible, positions needed to achieve
high priority needs and meet the most
advanced concepts of position manage-
ment and professionalization.

3. Complete the Science Center Partner-
ship, including all official agreements.

4. Develop a Colorado River Management
Forum with the goal of meeting
resource and recreation management
challenges that face National Park
Service units.

5. Improve resource protection and visitor
experience quality in the Colorado River
corridor by being a leader in the Colo-
rado River Adaptive Management
Program, and by actively participating
in the Long-term Resource Monitoring
Program to achieve goals consistent
with the National Park Service mission
and applicable statutes.

6. Seek ways to meet the most critical

Science Center infrastructure needs
including offices and museum storage.

7. Complete the draft Wilderness Manage-

ment Plan, and submit for agency and
public review.

8. Begin revision of the Colorado River

Management Plan.

9. Work with the FAA to complete an

10. Provide funding for an on-going compre-

Aircraft Management Plan, including
developing a comprehensive task
analysis, plan objectives, schedule of
deliverables, and public involvement
process.

hensive research program through
cooperative efforts with Grand Canyon
Association and other partners.

11. Improve knowledge base on sociologi-

cal factors affecting management
issues.

Calendar Year 1998

1.

Implement the Park stewardship-
advocacy program by integrating
comprehensive education, outreach,
and media programs to effectively
convey the full range of public values
being provided to the public through the
protection and management of Grand
Canyon National Park.

Seek funding to support the new
comprehensive research program with
assistance from the Grand Canyon
Association and other partner sources.

Continue to resolve the most critical
Science Center infrastructure needs
including museum storage and staff
office space.

. Continue implementation of effective

organizational and position manage-
ment plans to achieve the most ad-
vanced concepts of position manage-
ment and professionalization.

Continue to provide leadership in the
Colorado River Management Forum so
as to achieve increased levels of
regional coordination on Colorado River
issues.
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Submit a nomination to classify the
Colorado River within Grand Canyon as
Wild and Scenic under National Wild
and Scenic Rivers Act.

Make significant progress on the
Aircraft Management Plan as defined
by the articulated objectives and
timeline identified in 1997.

Compilete the final Wilderness Manage-
ment Plan, and implement needed
actions.

Complete the draft Colorado River
Management Plan, and accomplish
agency and public review consistent
with the schedule developed in 1997.

10. Continue funding on-going comprehen-

sive research program through coop-
erative efforts with Grand Canyon
Association and other partners.

11. Improve knowledge base on sociologi-

cal factors affecting management
issues.

Calendar Year 1999

Design long-term resource monitoring
programs, and implement as many
elements as funds will allow.

Produce the first of a periodic Status of
the Park Resource Report.

Continue to meet the most critical
Science Center infrastructure needs
including museum storage and staff
office space.

Complete a draft Aircraft Noise
Management Plan, and submit for
agency and public review.

Complete the Colorado River
Management Plan.

1.

6. Continue funding on-going comprehen-

sive research program through coop-
erative efforts with Grand Canyon
Association and other partners.

7. Improve knowledge base on sociological

factors affecting management issues.
Calendar Year 2000

Complete the final Aircraft Noise
Management Plan.

2. Implement actions called for the in

Colorado River Management Plan.

3. Begin process to review and revise this

Resource Management Plan.

4. Continue funding on-going comprehen-

sive research program through coop-
erative efforts with Grand Canyon
Association and other partners.

5. Improve knowledge base on sociological

factors affecting management issues.
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Overarching lssues

Information Acquisition and
Management

The Museum Collection are threatened by
inadequate storage facilities. A fire, theft, or
vandalism could easily destroy the Museum
Collection eliminating years of research as
well as irreplaceable natural and cuttural
artifacts.

Increased Yisitation

Information is essential in identifying
resource threats and developing effective
resource management strategies. At Grand
Canyon National Park even the most basic
information is nonexistent or incomplete.
Available information is often difficult to
access due to the absence of a comprehen-
sive data and information management
system. The only exception is the Park's
Geographic Information System (GIS).
Although the GIS is not yet complete, a
process is in place to make continued
improvements.

Since the Park was established, a collection
of information, artifacts, archives, invento-
ries, photographs, etc., have been accumu-
lating in the Park’s Museum Collection.
Together with the Park’s Research Library,
these data systems contain a wealth of
information about resource management
alternatives. However, much of this infor-
mation is unavailable to staff and research-
ers due to insufficient cataloging and data
input/database; lack of interagency and
university networking and data sharing
capabilities; lack of a GIS system capable
of organizing, analyzing and presenting
large inter-relational databases in spatially
referenced format for easy use; and lack of
staff. Due to the lack of data and informa-
tion sharing throughout the Colorado
Plateau, archaeological and historical
information is unavailable. Relational
databases of consistent design must be
developed for both natural and cultural
resources and incorporated into GIS.

Ever-increasing visitation has repercussions
throughout the Park. Planning for upgraded
facilities (both inside and outside Park
boundaries), potable water supplies, visitor
trampling of vegetation, vehicle impacts,
and rapid changes in visitor use patterns
have taxed Park resources and personnel.
In 1995, annual visitation rose to nearly five
million, and is expected to nearly double in
the next decade.

Overnight backcountry use and rapidly
increasing inner canyon day use are having
severe effects on resources and on the
Park’s ability to handle emergency opera-
tions in these remote areas. Over 15,000
people hike and camp in the proposed
wilderness each year. Visitor experience
throughout the inner canyon is not always
consistent with the management objectives
and standards established in the 1988
Backcountry Management Plan. Visitors are
crowded at camping areas and attraction
sites. Over-visitation at sensitive sites such
as springs and archaeological sites is
damaging these resources.



Overarching Issues

Regional and Ecosystem Planning

Glen Canyon Dam Operations

It is increasingly evident that the NPS can
not meet it’s resource stewardship goals
without the support and cooperation of
agencies, tribes and landowners that
manage adjacent lands. In addition, re-
gional cultural and social needs and
expectations have a major bearing on what
resource management strategies will be
most successful. As an example, major
Park watersheds originate far beyond Park
boundaries (Little Colorado, Colorado,
Paria, Havasu and Kanab watersheds).
Land-use practices within these watersheds
will have a larger bearing on water quality
and quantity than anything the NPS can do
within the boundary.

Other external threats and issues that need
cooperative planning and partnerships are
air quality, data management, prescribed
fire, river recreation management, aircraft
overflights and protecting ethnic and tribal
heritage. It is essential that the NPS
continue developing a wide variety of
partnerships with cooperating agencies,
tribes and the public sector that will en-
hance the implementation of truly effective
stewardship programs.

Lack of Park Funding and Staff

Although not well definable in specific
resource impacts, lack of adequate funding
seriously affects all Park programs. NPS
base-operating funds available for resource
stewardship programs are substantially less
than what is needed for even a basic
scientifically credible program. A recent
Servicewide survey conducted by the NPS
determined that Grand Canyon staffing
levels were only 25 percent of what is
needed to support a comprehensive
program. This is not a problem that is
unique to this Park. Other large parks with
complex resources and sensitive issues are
in a similar situation. See Figure 3-2

and 3-3.

The operation of Glen Canyon Dam by the
Bureau of Reclamation has a substantial
effect on natural and cultural resources and
recreation within the Colorado River
corridor in Grand Canyon. The Grand
Canyon Protection Act (1992) requires the
Secretary of the Interior to manage Glen
Canyon Dam to protect the natural, cultural
and recreational resources of Grand
Canyon National Park and Glen Canyon
National Recreation Area. The Record of
Decision for the Operations of Glen Canyon
Dam Final Environmental Impact State-
ment, signed on October 9, 1996, includes
an adaptive-management program sup-
ported by long-term research and monitor-
ing. The NPS must take a leadership role in
assuring that the future adaptive-manage-
ment program is successful in meeting
NPS river corridor stewardship needs.

Need For Ongoing Tribal Partnerships

Grand Canyon is significant in the spiritual
lives of regional American Indian tribes. In
recognition of the special relationship the
Grand Canyon has for these people, Grand
Canyon National Park actively pursues
cooperation with tribal governments.

The various American Indian tribes in and
around Grand Canyon National Park have
an interest in protecting this sacred place.
To some, the Canyon is their place of
worship; to others, it is both their place of
origin and their final resting place. Canyon
stewardship takes many forms, from
assistance on illegal or resource-damaging
activities, to political activism on behalf of
Park resources. For example, both the Hopi
and Hualapai tribes made strong presenta-
tions in Washington, D.C., in support of
moderating flows from Glen Canyon Dam.
Their message was so powerful that it
influenced the Secretary of the Interior in
favor of protecting Park resources and
values.
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Traditionally, there has been limited dialog
between the NPS and the various American
Indian tribes who have ancestral claims to
the Grand Canyon. To improve this situa-
tion, the Cultural Resource Program
Manager and/or Superintendent periodically
meet with the tribal governments of the
Hopi, Havasupai, Hualapai, Navajo, Kaibab
Paiute, San Juan Southern Paiute, Paiute
Indian Tribes of Utah, and Zuni. These
meetings revealed a great many issues and
concerns which were addressed in the
General Management Plan and in the
proposed Ethnography Program. The tribal
governments felt, for example, that the
NPS should be helping tribes to develop an
environmentally sound economy which
better meets Park management objectives.
They also felt that the Park should actively
seek input from Tribal Chapter Elders,
medicine men, and others not only as a
matter of respect, but also because it will
bring the Park to a more holistic and
comprehensive understanding of all values
associated with Grand Canyon.

The Park maintains a unique relationship
with the Havasupai Tribe due to the Grand
Canyon National Park Enlargement Act of
1975. The Act intrinsically links the Park’s
and the Tribe’s futures by establishing
Havasupai Use Lands within Grand Canyon
National Park. These lands require special
management inclusive of Havasupai
traditional uses. A Memorandum of Under-
standing is under review for management of
Havasupai Use Lands.

Memoranda of Understanding are in
preparation between Grand Canyon Na-
tional Park and tribes under the Native
American Graves Protection and Repatria-
tion Act (NAGPRA). A more focused
Federal government to tribal government
partnership is proposed under the Ethno-
graphic Program.

The Protection of Natural Quiet

Grand Canyon National Park exceeds all
other parks in air-tour flights. The air-tour
industry is comprised of 43 companies from
five states. This multimillion dollar industry
carries approximately 800,000 passengers
averaging over 100,000 flights per year. In
the summer months, flights are estimated at
10,000 per month. Projections are that
flights will double in number by the year
2010. NPS efforts to restore natural quiet to
the Grand Canyon continues to be a difficult
and politically sensitive issue. The NPS
must provide leadership in assuring that the
FAA works effectively in meeting the intent
of the 1987 NPS Aircraft Overflights Act
(Public Law 91-100), within Grand Canyon
National Park.

Wilderness Management

In September, 1980, the National Park
Service recommended that 980,088 acres
of Grand Canyon lands be designated as
wilderness immediately, and an additional
131,814 acres be considered for potential
wildemness designation. If adopted over
1,111,902 acres would be established as
wilderness. Although the EIS and Wilder-
ness Recommendation were submitted to
Congress, designation was never finalized.

In 1993, the National Park Service revised
the original Wildemess Recommendation,
now calling for 1,109,257 acres to be
designated immediately, and 29,820 acres
recommended for potential wilderness, for a
total of 1,139,077 acres. The issue of
various nonconforming uses still requires
resolution. Grand Canyon Wilderness
affects the management of most programs
discussed in Chapter 3, but will be further
discussed under the recreational resource
management section.




Overarching Issues

Restoration of a Natural Fire Regime

Fire suppression over the last 70 years has
resulted in denser, more uniform plant
communities. This has reduced habitat
diversity, suppressing many plant and
animal populations, and contributed to their
decline. Fuels have accumulated to the
point where fires rage out of control,
damaging natural and cultural resources.
Although there is an active fire program at
Grand Canyon, there is need to further
develop compliance, survey and research
programs associated with prescribed burns.

The Need For Enhanced Parkwide
Programs To Protect Resources

Interpretation and Education

...the problem with looting is not here in the
Four Corners area. It is in the drawing
rooms of Washington D.C., on the mantles
of Boston fireplaces and on the walls of Los
Angeles condominiums...Until the reaction
to the private display of such artifacts is
one of scorn rather than approval, those
artifacts will continue to find a market....
—David B. Madsen
Preserving Traces of the Past

The role of interpreters is powerful and
exciting. The potential impact that interpre-
tation can make in the preservation of Park
resources, both natural and cultural, is
more far-reaching than many other
resource management programs. An
expanded Interpretative Program will lead
to better conservation of Grand Canyon’s
resources.

Protection Strategies and Enforcement of
Regulations

A proactive enforcement program focused
on the resource damage prevention and
visitor education is essential to meet the
Parks’s stewardship mission. This includes
actions such as: developing proactive
protection strategies and plans; developing
special regulations to protect resources;
patrolling to deter poaching, theft of
archaeological artifacts, improper recreation
use, livestock trespass, and timber and
mining violations; regulating public use
through permit systems and education; and
instructing the public in ways to reduce their
impacts on Park resources.

Social Science Program Development

Park resource-stewardship program
success depends greatly on our ability to
understand the needs and expectations of
various user groups and other stakeholders
that do not directly visit the Park. This
understanding is necessary to develop and
implement successful strategies that
mitigate user conflicts, reduce impacts to
resources, and improve visitor experiences.
This program has just begun with the
addition of a Social Scientist to Park staff.
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Figure 5-2

The 1996 FTE allocation
devoted to resource
management.

FTE—Full Time Equivalent

Type of NFS Employee

Research Scientists
Research Grade Evaluation and Research
Grant Administration Programs

Resource Specialists
Series 170, 190, 193, 401, 404, 430,
808, 1015, 1016, 1060, 1215, etc.

Park Rangers
Series 0025, Resource Management

Park Rangers
Series 0025, Resource Protection

Park Rangers
Series 0025, Resource Interpretation

Maintenance Personnel

Other (Management/Clerical)

Total of All Resource Personnel

Total Park FTE Percent of Park
(All Personnel) FTE Devoted to
' Resources

325

FTE™ of Resource Work

Natural Cultural Total
1.0 0.0 1.0
135.0 9.5 22.3
75 1.0 &5
1.0 0.7 1.7
0.5 1.5 2.0
1.0 1.0 2.0
1.0 1.0 2.0

7.6% 44% 12%




Type of NPS Employee FTE™ of Resource Work Figure 5-5

Natural Cultural Total The FTE allocation required to
fully staff a Resource
Management Program which
would address most of the
Research Scientists 1.0 0.0 1.0 issues and threats described
Research Grade Evaluation and Research in this Plan.
Grant Administration Programs

Resource Specialists 57.50 40.21 97.71
Series 170, 190, 193, 401, 404, 430,
808, 1015, 1016, 1060, 1215, etc.

Park Rangers 10.0 10.0 20.0
Series 0025, Resource Management

Park Rangers ©.0 6.0 12.0
Series 0025, Resource Protection

Park Rangers 3.0 3.0 0.0
Series 0025, Resource Interpretation

Maintenance Personnel 10.0 6.0 10.0
Other (Management/Clerical) 1.5 1.5 3.0

Total of All Resource Personnel
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Natural Resource

Management Program

Know Resource
and ldentify Threats

* INVENTORY: Acquire basic resource knowledge
* MONITOR: Determine trends in resource condition
* RESEARCH: Determine cause and effect relationships

Manage Resource

According to Management Objectives

* EDUCATE: Foster understanding and appreciation for resource stewardship
* PROTECT: Prevent resource deterioration
e MITIGATE: Reduce resource damage
* RESTORE: Replace or repair damaged resources

Maintain Resources at Desired Integrity

e Partnerships
e Stewardship
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Natural Resource

Management Program

Program Overview

The Natural Resource Management
Program for Grand Canyon National Park
consists of activities performed by Park
Science Center staff, other Park opera-
tional divisions, governmental and non-
governmental agencies, and organizations
working on behalf of the American people
to preserve and protect Grand Canyon’s
natural resources.

The NPS Natural Resource staff is a
dynamic workforce that is responsive to
changing needs and developing issues. A
core staff of resource specialists is focused
on maintaining a long-term program while
addressing short-term critical issues that
arise, sometimes unexpectedly, from year
to year. Expertise will be maintained in the
physical sciences such as air and water
quality as well as the biological sciences,
data management, and GIS. Expertise will
also be maintained in the Divisions of
Resource and Visitor Protection, Interpreta-
tion and Visitor Services, and Maintenance
and Engineering that are essential to
carrying out the enforcement, education
and restoration activities described in this
Plan.

Program Goal and Objectives

The primary goal of the Natural Resource
program is clearly defined within the 1916
Organic Act and amendments, and further
clarified in NPS Management Policies. The
goal is to “...conserve the scenery and the
natural and historic objects and the wild life
therein... by such means as will leave them
unimpaired....” The agency emphasis is
not only on preserving species and habitat
but also on maintaining natural processes
and dynamics that are essential to long-
term ecosystem perpetuation. Specific
objectives to natural resource management
were presented earlier in this chapter.

Maintain Resource at Desired Integrity

The Park Natural Resource Management
Program Manager and staff will seek to
develop and maintain effective working
relationships and partnerships with other
government agencies that have a defined
authority or interest in working to achieve
the Park’s stewardship objectives. For
example, the Park has formed cooperative
efforts to conduct animal management
activities including integrating management
practices to reduce conflicts; coordinating
research; sharing data and expertise;
exchanging resources through transplants;
establishing native wildlife corridors; and
maintaining essential habitats adjacent to
the Park. In addition, the Park will seek the
cooperation of others in minimizing the
impacts of outside influences, controlling
noise, maintaining water quality and
quantity, eliminating toxic substances,
preserving scenic views, improving air
quality, preserving wetlands, protecting
threatened or endangered species, elimi-
nating alien species, managing use of
pesticides, and managing fires. The Park
will also seek other means of preserving
and protecting park resources.

Natural Resource Management Program
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lssues

Lack of resource status and trends knowledge

The Park's information data bases are
missing or lacking considerable information
in many areas needed for sound resource
management. Lack of such information
severely handicaps managers in protecting
resources since many management deci-
sions or responses to external threats must
be based on intuitive rather than qualitative
data. Intuitive or incomplete data provides a
very weak, and at times, incorrect position
for managers to take and hold against
strong political forces advocating actions
which may be harmful to the Park.

Natural processes within the Park have been

disrupted

Disruption or alteration of natural processes
and conditions at Grand Canyon began, in
some cases, prior to the Park's designation.
Overgrazing of Park lands was significant
prior to 1919, and caused losses of topsoil
and changes in vegetation composition
which, in some areas, exist today. Fire
suppression, beginning in the 1920s,
allowed tree densities to increase, fire
intolerant species to expand their range,
and the buildup of dead and down materi-
als. The damming of the Colorado River
represents another major disruption of
natural processes.

Lack of adequate Fark staff expertise and
funding support

While the natural resource professionaliza-
tion initiative significantly increased the
natural resource staff by three, resource
management staffing and project funding
remains at very inadequate levels. Re-
source protection and management needs
at such a complex Park are vast. The Park
covers 1.2 million acres, and includes a
wide variety of extensive resources such

Resource Management Plan R

as: an estimated 1,000 caves, over 500
water sources, and many biotic communi-
ties. Current staffing consists of thirteen
Full-time Equivalents (FTESs), while the
Natural Resource Management Assess-
ment Program (NR-MAP), a computerized
system which calculates staffing needs by
park resource management work factors,
indicates that a park of this size and com-
plexity should have a total staff of 30 FTEs.

Need to improve partnerships

It is recognized that if the Park is to man-
aged effectively, there is a need to be more
involved with those entities, such as adja-
cent land management agencies, American
Indian Tribes, and concerned private
groups, who share interests in management
of adjacent lands. Such partnerships in
many cases can allow common goal
achievement through poling of scarce
resources and expertise while providing
early input into proposed actions which may
affect the Park.

Increased visitation is creating additional
resource impacts

Increased visitation has resulted in many
forms of impacts such as: larger areas of
soil compaction and vegetation loss at
backcountry campsites, and increased
noise and light pollution.

Human activities outside Fark boundaries
threaten Fark resources

Activities on adjacent lands such as road
construction, timber harvesting, hunting,
mining, and cattle grazing threaten Park
resources by altering the natural habitat for
wildlife, increasing access to remote areas
adjacent to the Park, and increasing the
potential for water diversions and pollutants.
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Current Funded Program

Resource management activities are a part
of general Park operations, and include
such things as hunting patrols, hazard tree
removals, fence repairs, integrated pest
management, public fire management,
education, and resource management
interpretation of problems and solutions.
The Park’s full-time resource management
staff devoted to natural resource issues
consists of 7.0 FTE. NR-MAP, indicates
that a park of this size and complexity
should have a total staff of 30 FTEs.

The major Natural Resource Program
areas are:

* Geologic Resource Management

» Paleontological Resource Management
« Cave Resource Management

» Water Resource Management

* Air Quality Management

* Vegetation Management

* Revegetation Program

« Forest Ecosystem Restoration

« Wildlife and Fisheries Monitoring and
Management

» Geographic Information Systems

Two areas, Geology and Paleontology, are
currently unfunded; however, because they
are important Park resources, and are
frequently supported by research funding
from the academic community, they have
been included. Forest ecosystem restora-
tion, a major part of the Vegetation Man-
agement Program, is identified as a sepa-
rate area due to it's size, funding source,
and focus on fire as the primary tool for
achieving program objectives.
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Geologic Resource
Management

Program Overview

Grand Canyon is world-renowned as a
geological showcase. Geologic studies in
the Park began with the work of Newberry
in 1858, and continue today. The Grand
Canyon'’s excellent display of stratified rock
is invaluable in unraveling the region’s
geologic history, while the extensive plateau
dissection allows detailed study of tectonic
movements. Stream erosion processes and
vulcanism are easily seen and studied.
While considerable work has been done,
there is much that remains to understand
and protect Grand Canyon’s geologic
features, perpetuate natural geologic
processes, and provide for visitor health
and safety.

All too often, geology is thought of as a
timeless process operating so slowly as to
be imperceptible in a human time scale.
This misconception leads to limited under-
standing and management of geologic
resources. In reality, major changes can
occur in relatively brief time periods. These
quick changes can be triggered by human
actions, such as changes in the Colorado
River’s ability to erode and transport
sediment caused by the closure of Hoover
and Glen Canyon dams.

Rapid changes may also result from natural
processes such as the debris flows creating
Crystal Rapid, and destroying sections of
the transcanyon water line overnight in
1966 and 1995. Understanding these
processes must occur before the desirabil-
ity of, and strategies for, mitigation and
management can be developed.

Program Objectives

According to policies addressed in NPS-77,
geologic features will be protected and
monitored to determine if threat mitigation is
necessary for preservation. Geologic
Program objectives include:

* Identify and inventory significant geologic
features and processes

* More effectively integrate geologic
resource management into overall Park
management processes

» Support, coordinate, and assist with
geologic research projects

Surficial geologic features are especially
important for their scenic grandeur, struc-
tural foundation for recreational opportuni-
ties, and as a primary interface with most
biota and cycling ecosystems. Therefore,
directed management of geologic resources
is fundamental to management for many
other Park resources.

lssues

Although repeatedly referred to as a place
for scientific research and education
throughout the Park’s legislation and
management objectives, geologic study is
still lacking within Grand Canyon Science
Center. The following issues were deter-
mined to be the most compelling and
pertinent to managing geologic resources at
Grand Canyon.

Geologic features are at risk

Perhaps the most fragile of these features
are associated with fossil, cave, and water
resources, and are addressed under those
program areas. Operation of reservoirs both
up and down stream of the Grand Canyon
have also placed features, such as beaches
at risk, and require active management.
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Geologic processes have been disrupted

The most notable disruptions result from
operations of Glen Canyon Dam, but also
include land-use practices and their effects
on spring and stream flow.

Geologic hazards pose environmental and
human health/safety and property risks

Numerous rockfalls, earthquake activity,
and floods are all examples of geological
processes active in the Grand Canyon that
can pose a threat.

Soil resources have been disrupted

Soil resources have been disrupted over
much of the Park by development and land-
use practices, both past and present. In an
arid climate like Grand Canyon's, the
natural restoration of soils is an extremely
slow process.

Current Funded Program

Although the Grand Canyon is one of the
world’s outstanding geologic resources,
there are currently no FTEs allotted to
manage this Program.

Proposed Unfunded Program

Although all geologic resources are interre-
lated, the field has been subdivided for the
purposes of this plan into six areas:

» geologic features

» geologic processes

 geologic hazards

* soils

« fossil resources (discussed in Paleonto-
logical Resource Section)

 cave resources (discussed in Cave
Resource Section)

NR-MAP does not contain full-time equiva-
lent projections directly applicable to the
first three subdivisions listed above. How-
ever, it is evident that at least two FTEs
would be required simply to coordinate the
various programs. Many additional FTEs
(NPS, contract, and outside researcher) are
necessary to implement various called for
actions. NR-MAP projections for Geological
Resource Management can be found in
Figure 3-4.

Initial establishment of a Park Geoscientist
position could be used to begin manage-
ment of all geologic, paleontologic and cave
resources. After initial work is fully outlined,
the staff could be augmented.

Manage Geologic Features

Since 1858 geologists have defined the
Canyon’s rock layers, grouping, subdividing
and redefining them, until today over 95
different names have been applied to the
(current) 28 major formations in the
Canyon’s walls. Thousands of references
regarding the Grand Canyon’s geology are
contained in Spamer’s Bibliography of the
Grand Canyon and the Lower Colorado
River (1990). The Grand Canyon is one of
the most intensively studied geologic areas
in the world, but management of geologic
resources by the NPS in recent years has
been limited to studies on the effects of
Glen Canyon Dam, and to reviewing and
issuing research permits. While it is true
that some geologic resources tend to be
rather inert, changing only slowly through
time, this perspective is not appropriate for
the management of individual geologic
features. Some are quite fragile, and
subject to rapid deterioration or destruction.
The identification, monitoring and preserva-
tion of these features should be an impor-
tant function of resource stewardship at
Grand Canyon. To that end, a Geologic
Feature Management Program must
consist of the following programs:
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Inventory and document Inventories and
documentation should be pursued for the
Park’s geologic features. On a broad scale,
this project has been accomplished with the
geologic mapping of the entire Park at a
1:62500 scale. However, the maps are not
yet completely digitized and available in
computerized form. There is no comprehen-
sive listing of smaller-scale geologic fea-
tures of special interest.

Examples of such features would include
caves and paleontological resources
discussed elsewhere in this Plan; erosional,
depositional, structural and mineralogical
specimens; features of ethnographic
importance to groups traditionally associ-
ated with the Canyon (Traditional Cultural
Properties); sources for prehistoric raw
materials; type sections of various strata;
and measured sections (including well
logs). Identification, geo-referenced docu-
mentation, and analysis of threats to these
resources must precede preservation.

Monitor The monitoring of geologic
features should concentrate on those
features of greater scientific and cultural
value and vulnerability. Monitoring features
documents rates of change and the level of
threats facing the feature’s continued
preservation. This program will indicate the
need to initiate mitigation measures.

Mitigate Threats and Protect Mitigation
of threats to geologic features will be based
on the nature of the threat, the value of the
feature, and overall management goals for
an area. In cases of human-caused threats,
the decision to take action will be more
easily defined than in those cases where
natural processes threaten a natural
feature. Potential mitigation measures
cover a broad spectrum of actions. For
example, no action may be desirable if only
natural processes threaten a feature of only
moderate importance. Human threats may
be mitigated through interpretation (on site
or orientation), or through area closure.

Collecting the feature and placing it in the
Museum Collection may be desirable for
smaller features of value. Installing monu-
ments at type sections or important mea-
sured sections may guard against their
“loss,” but may not be appropriate in a
wilderness area. Mitigating threats to
geologic features must be accomplished on
a case-by-case basis.

Foster Research Promoting geologic
feature research is necessary for effective
management. Geologic features are in
constant flux, from formation, through
change, and toward ultimate destruction. It
is unreasonable to expect NPS staff to be
fully aware of all changes occurring to all
features. However, by fostering geologic
research, outside expertise can identify
features of interest, threats faced by those
features, and propose mitigative measures.
Such information may be the purpose of
research or be incidental to research
programs. The NPS can support research
through direct contracting (for those studies
of immediate management or interpretive
concem), or indirectly through logistical
support (provision of field laboratory facili-
ties, supplementary funding from NPS or
the cooperating association). A clear
statement of Park research needs will help
researchers obtain funding.

Interpretation Geologic feature interpreta-
tion is a major theme at Grand Canyon.
While inadequate facilities, funding, and
staffing prevent a full presentation, these
limitations are addressed in other Park
documents. Interpretation of geologic
features should involve open dialogue
between interpretation and the Science
Center, so that new findings, information
needs, and management concems can be
exchanged. Inclusion of interpretive ques-
tions and concemns in research proposals
and permits will help interpreters present
new findings and understandings to the
public. Clear statements of management
concerns can be communicated to the
public as well.
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Geologic Resource Inventory,
Mitigation and Monitoring

Geologic Resource Management,
Planning and Interpretation

Geologic Research
Mining and Minerals Management

Soils

Geothermal

NR-MAP* FTE CURRENT FTE**
Allocation Allocation
1.0 0.0
1.0 0.0
0.5 0.0
0.25 0.0
0.56 0.0
0.23 0.0

Perpetuate Natural Geologic Frocesses

There is more to Grand Canyon's geologic
resource than rocks. Geologic processes
that carved the Canyon also represent a
resource to be managed. “Management of
geologic processes” may seem an 0Xymo-
ron; many geologic processes, such as
earthquakes or flash floods, are clearly
beyond human control. While a geological
process may not be amenable to control,
the effects may be mitigated, and the
process itself can be monitored. Many
other geologic processes are influenced by
human actions. Geologic processes can be
broadly divided into four categories:

* tectonic processes (earthquakes and
earth movement)

« weathering (in situ decomposition of rock)

« erosion (removal of weathered material)

» sediment transport (a subdivision of
erosion, but here used to discuss the
movement of sediment and debris in the
Colorado River and its tributaries).

A management program for geologic
processes in Grand Canyon is aimed at
perpetuating these processes at their
natural rates. Although the specific nature
of the processes is described below, the
management program for all consists of
four basic steps:

« identification of the process

* monitoring the rate of change produced
by the process

 determining human impacts on process
initiation and rates

« implementation of appropriate mitigation
measures.

Fostering research into these processes,
and interpreting it to the public, have the
same values as those identified under
Manage Geologic Features (above).

Geologic Resource Management Program

Figure 3-4

The NR-MAP FTE allocation
required to fully staff a
Geologic Resource Management
Program which would address
most of the issues and threats
described above.

*Natural Resource
Management Assessment
**Full Time Equivalent
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Tectonic Processes Tectonic processes
are not controlled by human factors,
although minor earthquakes have been
triggered by human actions (i.e., the filling
of lakes Mead and Powell). However,
monitoring of the process is often possible.
Detailed geologic mapping reveals faults,
which helps to define areas of seismic
potential. Detailed studies in areas prone to
seismic activity can include mapping,
instrumentation and trenching to reveal
changes in elevation, stress fields, and
other geophysical changes preceding or
following seismic activity. This information
is valuable to science. It may also be of
value in mitigating damage to human health
and safety (see safety section below).

Weathering Weathering is generally
caused by natural factors; however, some
human factors, such as atmospheric acidic
deposition (“acid rain”), heavy human use,
and chemically contaminated runoff from
developed areas may alter weathering
rates. All geologic features in the Park are
affected to some extent by weathering, but
monitoring of weathering effects should be
confined to features of special interest.
Control of acidic deposition is a regional
program (see the Air Quality section of this
Plan). Increased weathering due to heavy
human use may be mitigated by surface
treatments, diverting use to areas better
able to withstand impact, or outright clo-
sure. Contaminated runoff should be
captured and treated to mitigate impacts.

Erosion Erosion rates are definitely
affected by human activity. Changes in
vegetative cover, soil development, and
runoff diversions can all increase erosion
rates far above natural rates. Increased
erosion impacts the area through soil
removal, lowered local water tables, and
damage to cultural resources. Downstream
erosion impacts include decreased water
quality, reduced channel capacity, burial of
biologic and cuitural resources, and biologi-
cal changes.

Mitigation measures may include no action
where natural pedogenic processes can
repair the damage; better water collection
and diversion engineering in developed
areas; better control of use to avoid soil
compaction; berm and other erosion control
structure installation, and area closures.
Selecting a mitigation measure depends on
the problem’s severity, area management
goals, and the potential to restore a natural
regime.

Sediment Transport Sediment transport
is a natural consequence of weathering and
erosion. From a management perspective,
two aspects of sediment transport are of
concern. The first is episodic debris flows in
Grand Canyon'’s side canyons. These
debris flows are composed of sediment
ranging in size from microscopic clay
particles to boulders many feet in diameter.
Although water serves as a debris-flow
lubricant, the majority of the material in
transit is solid. Overall, the flows have the
consistency of wet concrete. They
reconfigure stream bottoms, and create
rapids if they reach the Colorado River
(such as the flow that created Crystal Rapid
in its present form in 1966). There is the
potential for such debris flows to create “un-
runnable” rapids in the River. Studies of
Grand Canyon debris flows have estab-
lished chronologies for various tributaries
which may be of value in predicting flow
potential for the tributaries, and to plan
desired mitigation actions for threatened
resources (including cultural resources and
recreational values at risk).

The second type of sediment transport of
managerial concern occurs in the Colorado
River. Sediment, particularly sand, trans-
ported by the River is placed in temporary
storage on the River bed, along beaches
and in terraces (particles finer than sand
tend to pass through with little storage,
while larger gravels and cobbles are trans-
ported only during major flood flows).
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Depending on the location of storage, the
sand forms riparian habitat, beaches for
recreation, and river bars and eddies
important for fish. Extensive studies of
sand-transport dynamics have been
accomplished as part of the Glen Canyon
Environmental Studies, since transport is
largely governed by water release rates
from Glen Canyon Dam. Although the
studies have amassed volumes of informa-
tion about sediment transport, monitoring is
needed to assess continuing impacts of
Dam operations, and flood impacts from
tributaries below the Dam. Based on
monitoring data, further modifications to the
operation of Glen Canyon Dam may be
needed to mitigate adverse impacts.

A third concern are adjacent land-use
practices that affect sediment transport
including overgrazing, timber harvest, and
road construction among others. These
practices can increase sediment loads in
Canyon watercourses. Partnerships and
cooperative coordination with adjacent land
owners and agencies is needed to help
mitigate these effects.

Manage Geologic Resource for Fublic Health,
Safety and Froperty

As in any natural environment, geologic
features and processes in Grand Canyon
pose threats to the health and safety of
visitors and to property. Some of the
hazards are not under human control (e.g.,
earthquakes), while others are the direct
result of past human activity (e.g., aban-
doned mines). In addition, abandoned
mines threaten other Park resources (e.g.
mine drainage). An effective program to
protect people and property from these
threats consists of five basic steps:

 hazard identification and documentation

* monitoring threat levels

« threats and hazards mitigation

= research to identify previously unknown
threats

« interpretation to inform the public of
threats and safety measures.

Inventory and Document Hazard identifi-
cation and documentation is an ongoing
process. Some hazards, such as open
mine shafts, have already been identified
and documented. Other threats are known,
but not documented (e.g., mine drainage
into Lava Creek). Natural geologic pro-
cesses of weathering and erosion con-
stantly produce new rockfall hazards. A
comprehensive program of hazard identifi-
cation needs to be developed for the Park.
Attention should focus on those hazards
that pose a real threat to people or re-
sources. For example, loose rock on the
Canyon walls is a hazard, but may not be a
threat in a remote area, while it may
constitute an imminent danger above a
heavily used trail.

Threat documentation should include the
nature and location of the hazard,
resources threatened, and immediacy of
threat. The inventory should be designed to
not only allow, but encourage, identification
of new hazards.

Monitor A monitoring program should be
used to observe the condition of hazards
and the immediacy of threats such as
unstable slopes to provide advance land-
slide warning. The program can also be
used to monitor the effectiveness of
mitigation measures.

Mitigate Impacts and Protect Threat
mitigation can take a variety of forms based
on the hazard’s nature and immediacy. No
action may be desirable in remote areas
where hazards are natural phenomena, and
threats are low. For example, a potential
rockfall in wilderness may require no
corrective action. In a more developed
area, drainage diversion to slow undermin-
ing, or triggering the rockfall with explosives
may be the desired mitigation. Other
resource values may define mitigation
measures. For example, mine shaft closure
techniques may vary depending on cultural
resource values, and use by threatened or
endangered wildlife.
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Some hazards, such as seismic risks, can
not be controlled, and mitigation takes the
form of preparedness.

Foster Research Research to identify and
mitigate geologic hazards can strengthen
the management program. Information may
develop incidental to other research, or it
may be the focus of a specific research
effort. In some cases the hazard may be
great enough and imminent enough, that
research contracting may be desirable. In
other cases, data collection added on to
other projects may provide information in a
timely manner.

Develop Management Plan Appropriate
management plans for geologic hazards
need to be developed. All planning should
comply with all Federal and State laws and
NPS Management Policies.

Interpretation Interpretation is vital to
communicate hazards to the visiting public.
It is not possible, nor even desirable, to
eliminate all potential geologic hazards and
threats. However, visitors and Park staff
should be aware of methods to avoid
danger, and be prepared for unexpected
dangers. Such interpretation can be site
and/or hazard specific (i.e., warning of
cave-ins at abandoned mine shafts), or of a
more general nature (i.e., the danger of
Canyon rockfalls). The overall goal of such
interpretation would be to promote safety in
a hazardous environment.

Manage Soil Resources

Soils within Grand Canyon are highly
variable, ranging from moist forest soils of
the North Rim to shallow, dry mineral soils
and bedrock exposures of the inner canyon.
Human impacts on Park soils include large
areas with essentially no impacts, areas
formerly used for farming, grazing and
mineral extraction, and the heavily impacted
soils of developed areas. Management
goals for Park soils are broadly stated as:

* maintain natural soil-forming processes

= control erosion triggered by human
influences

» avoid soil contamination by nonnative
chemical, physical or biologic agents

* make soil-suitability information available
for planning.

To meet these needs, soil resource man-
agement for Grand Canyon should consist
of the following, interrelated areas.

Inventory and Document Inventoring and
documenting of Park soils has begun, with
soils maps for the Havasupai Traditional
Use Area and the Sanup Plateau. A digital
soil map for the entire Park should be
prepared. To work toward this goal, atten-
tion should first focus on those areas where
impacts to soils are likely, the developed
areas of the rims and cross-canyon corri-
dor. Then, using the data from existing soil
surveys, a preliminary Park soils map could
be prepared by combining vegetation and
geologic themes in the Park’s geographic
information system. Such a product would
provide a first approximation for further
study and verification.
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Monitor Monitoring soil impacts (soil
erosion, compaction and contamination) will
reveal natural processes that should be
perpetuated, and human-caused impacts
that should be mitigated. Monitoring
intensity will be governed by the extent of
impacts, ranging from occasional checkups
of remote areas to frequent analysis of
developed areas.

Mitigate Impacts and Protect Human-
impact mitigation can proceed after impacts
have been identified and characterized.
Pedogenesis (soil formation) is an ongoing
natural process. In remote areas, natural
pedogenesis may be sufficient to restore
soils. In developed areas, active measures
may be needed based on specific impacts
(contamination, compaction, accelerated
erosion). Avoidance measures include
proper siting of developments, walkways,
drainages; analysis of any soil material
transported into the Park for contaminants
(physical, biological or chemical); and
proper waste disposal. Mitigation efforts will
involve coordination between Science
Center and Maintenance staffs.

Foster Research Soils research will
improve Park soil protection. The wide
range of soil types, and the Park’s relatively
undeveloped nature can serve as a
baseline for other, more developed areas.
Research into soil dynamics will provide
management and the scientific community
with a better understanding. Specific
research problems may also be identified,
including improved mitigation techniques,
and microanalysis in areas of special
concern (cultural resource sites, the River
corridor, etc.).

Interpretation Soil resource interpretation
offers an opportunity to inform the public
about the importance and vulnerability of
soils. Many cultural processes, from
agriculture to recreation, are ultimately
dependent on soils. Greater public aware-
ness of these resources will enhance their
protection.
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FPaleontological Resource

Management

Program Overview

Paleontological resources in Grand
Canyon’s sediments encompass a wide
diversity of types and preservation. The
paleofauna and paleoflora include algal
mats and bacterial spores over a billion
years old, mummified dung and hair about
11,000 years old, and a multitude of
additional body and trace fossils from the
Paleozoic Era, 550-250 million years ago.
Fossiliferous deposits occur within the
marine and terrestrial sedimentary units
exposed throughout the Canyon, and local
associations of Pleistocene and Holocene
remains are present within the Canyon’s
caves.

Program Objectives

National Park Service policy recognizes the
irreplaceable nature of paleontological
resources, and establishes strategies for
their preservation and study. Adequate
management strategies outlined in NPS-77
include:

* |nventory all fossils in the Park and in
other collections

Identify fossils, consider strata, and
complete field paleontological surveys.
Thousands of prehistoric species have
been identified in Grand Canyon, and a
comprehensive, annotated bibliography
has been prepared by Dr. Earle Spamer.

« Evaluate the significance of the Park’s
fossil resources

Fossils may have value for interpretation,
exhibits, historical studies, or science.
Evaluation requires close coordination
with the scientific community, whether
through a Park Paleontologist or outside
experts. At present, the scientific exper-
tise needed for these determinations is
not available at Grand Canyon.

* Preserve Park fossil resources

As fossil resources are located, and their
significance determined, they must be
preserved. Depending on the particular
fossil resource, management strategies
include:

* no action

monitoring

cyclic prospecting
stabilization and reburial
shelter construction
excavation

e area closure

* regular patrols (NPS-77)

All eight strategies have been used in
Grand Canyon, but without benefit of an
overall plan.

Although a tremendous amount of scientific
data have been recovered from the
Canyon’s paleontological resources, little is
known about this resource from a manage-
rial perspective.
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Issues

The following issues were determined to be
the most compelling and pertinent to
managing paleontological resources at
Grand Canyon:

The lack of knowledge concerning the extent
and scope of paleontological resources puts
these resources at risk

Without systematic knowledge of the full
extent and scope of the Park's paleonto-
logical resources, these resources cannot
be managed effectively. Because the
resource base is so diverse, and the Park
so large, developing usable data bases is
critical.

The lack of a paleontological resources
monitoring program puts these resources at
risk for loss and destruction

Losses may occur through human destruc-
tion or theft (both intentional and acciden-
tal). A monitoring program will allow inter-
vention by the Park to preserve and protect
these resource.

A lack of paleontological research threatens
the adequate preservation of these resources

Management information needs cannot be
satisfied without participation in paleonto-
logical research. While a tremendous
amount of research has been done, not all
the information gathered is used in publica-
tions and reports. Direct participation
encourages the flow of information to Park
staff.

The lack of a comprehensive paleontological
resource management plan puts these
resources at risk

A piecemeal approach to management
virtually insures high priority issues will go
unnoticed, and resources will be wasted.

Faleontological resources have been impacted

In addition to the destructive forces of
weathering and erosion, the inflationary
market values for fossils has elevated the
incidence of theft and vandalism.

Without a strong interpretive program,
paleontological resources remain at risk

Public education on the value and signifi-
cance of paleontological resources, and the
destructive nature of theft and vandalism,
will help preserve these resources.

Current Funded Program

Although Grand Canyon National Park
contains an abundant and diverse paleonto-
logical resource, there are currently no FTE
assigned to manage this program.

Proposed Unfunded Program

The proposed program is directed toward
developing a comprehensive management
plan for the Park’s paleontological
resources. Six action areas have been
established to address the issues and
objectives presented. These action areas
include:

* Inventory and Document Paleontological
Resources

» Monitor Sensitive Paleontological
Resources

« Foster Paleontological Research

* Develop Paleontological Resource
Management Plan

« Mitigate Threats to Paleontological
Resources

* Interpret Paleontological Resources

Based on the diverse paleontological
resource at Grand Canyon, a preliminary
assessment of staffing needs (NR-MAP)
indicates a need for 3.5 FTEs to fully
manage and implement the program. See
Figure 3-5.
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Figure 3-5

The NR-MAP FTE allocation
required to fully staff a
Paleontological Resource
Management Frogram which
would address most of the
issues and threats described
above.

*Natural Resource
Management Assessment
**Full Time Equivalent

Paleontological Resource

Management

Inventory, Documentation, Monitoring
and Mitigation of Paleo Resources

Paleontological Resource Management
Planning and Interpretation

Paleontological Resource Research

NR-MAFP* FTE CURRENT FTE**
Allocation Allocation

1.5 0.0

1.0 0.0

1.0 0.0

Initial establishment of a Park Geoscientist
position could be used to begin manage-
ment of all geologic, paleontologic and cave
resources. After initial work is fully outlined,
the staff can be augmented. It is likely that
a portion of the 3.5 FTEs would be filled
through research work, either contracted or
invited. Currently, there are no FTEs
devoted to paleontological resource man-
agement or research.

Faleontological Resource Management

Inventory and document Documenting
fossil resources is the first step in devising
a management strategy. The necessary
and significant information is available from
a number of sources, and may be explored
concurrently on several fronts. Information
developed should be entered into a geo-
referenced database used to guide man-
agement actions. Potential information
sources include:

» Physical specimens in the Park’s collec-
tions provide an excellent starting point
for documenting the diversity of fossil
material present. Holdings in other
institutions undoubtedly include types and
localities not represented in the Park’s

collections.

» Scientific literature documents specimens
in the Collection, and provides information
on localities where no collections were
made or whose specimens can not be
located. The annotated bibliography
compiled by Dr. Spamer probably will
fulfill this need with minor updating.

* Creation of a paleontologic-locality

database will help draw information on
Park fossil resources into one, manage-
ment-accessible location. The database
package will be geo-referenced, and allow
addition of monitoring data. As additional
localities are discovered, they will be
added to the database. The database
package design will carry information from
the documentation phase of a paleonto-
logical monitoring program into the rest of
the program.
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Monitor Monitoring sensitive paleontologi-
cal resources is vital to their preservation.
For the monitoring program to respond to
Park needs, fossil resources must be
categorized by their vulnerability to theft,
erosion, or other forms of degradation. The
fossil’s value (for interpretive, scientific, or
other uses) must also be identified. This
information can then be used to devise a
monitoring program ensuring the fossils
retain their value, and triggering necessary
mitigation actions.

Foster Research Paleontological research
in the Grand Canyon is the best way to
learn about the resource. With the excep-
tion of the older Proterozoic strata and
Quaternary lavas, most rock units are
fossiliferous. A survey of the 1,215,735
Park acres for all fossil outcrops is clearly
outside the ability of Park staff. However,
by fostering research, and ensuring the
results include useful management data
(locality data, resource sensitivity and
threats, etc.), the program’s effectiveness
will be greatly enhanced. Fostering re-
search includes proposal review and permit
processing, but also assistance in funding
or providing field facilities and logistic
support. Providing such support should be
driven by priorities established in a Paleon-
tological Resource Management Plan, but
some flexibility will be necessary to meet
the realities of the research community.

Develop Management Plan An overall
management plan would guide paleonto-
logical resource management, defining and
coordinating paleontologic monitoring,
mitigation, research and other field
projects. It would contain management
guidelines necessary to evaluate the
significance of individual fossils and fossil
localities, devise appropriate monitoring
programs, and identify research topics. It
would also help to determine mitigation
actions needed for preservation.

Research topics, especially those with
important management implications, should
be prioritized in the plan. The Park man-
ages fossil resources and needs data, but it
is primarily outside researchers who have
expertise and access to funding. The
paleontological program will evolve and
grow as new fossils are discovered. Plan-
ning documents should aiso evolve to
reflect the most recent resource under-
standing.

Mitigation Mitigating threats to paleonto-
logical resources is necessary if fossils
resources are to be managed responsibly.
The principle threats to fossils include the
destructive forces of weathering and
erosion. Once fossils become exposed,
natural forces can quickly destroy them.
Fossil resources are also threatened by
development, construction and a variety of
recreation activities. Impacts to fossils
resources need to be evaluated to establish
appropriate mitigation strategies. Paleonto-
logical resources are becoming increasingly
threatened due to an escalating commercial
market. The inflationary market values
have elevated the incidence of theft and
vandalism of paleontological resources on
Federally protected lands, including
national parks.

Various threats imposed on in situ paleon-
tological resources can be mitigated
through sound management strategies.
These strategies can range from site
security and stabilization to excavation.
Proper collection will insure a specimen’s
scientific value is preserved.

Interpretation and Education Fossil
resource interpretation is underway at
Grand Canyon National Park. The Science
Center and Division of Interpretation work
together, insuring issues in paleontological
resource management is included in
interpretive programs. Open communica-
tion between the divisions will allow the
public to learn about the life of the past and
how fossil resources are discovered,
studied and preserved.
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Cave Resource

Management

Program Overview

Hidden within the Grand Canyon are an
estimated 1,000 caves. Of those, 380 have
been located. Very few have been mapped
or inventoried. Most have developed in the
limestone of the Redwall and Muav forma-
tions, although some are known to exist in
other formations. The existence of many
caves is well known to the caving commu-
nity; the Cave of the Domes, on Horseshoe
Mesa, is frequently visited. Cave resources
include unique cave formations or
“speleothems,” mummified remains of
extinct Ice Age fauna, archeological
remains (including split-twig figurines), and
unique biological systems. Many caves also
play a major role in regional hydrology, as
evidenced by substantial streams emerging
from Vaseys Paradise, Cheyava Falls, and
Roaring, Thunder, and Tapeats springs.

Program Objectives

In addition to the laws pertaining to other
Park resources, caves and their resources
are protected under the Federal Cave
Resources Protection Act of 1988. National
Park Service policy recognizes the sensi-
tive nature of cave resources, and has
established strategies for their preservation
and study. Management strategies outlined
in NPS-77 include:

 Protect and perpetuate the natural cave,
karst, and hydrologic systems found
within the Park including protection of all
resources associated with Park caves,
fissures and rock shelters.

Resource Management Plar v

* Inventory all Cave Resources to identify
their significance. Cave resources must
be evaluated in terms of scientific,
interpretive and recreational values.

» Encourage scientific studies and
research by qualified researchers.

Issues

The following issues were determined the
most compelling and pertinent to managing
cave resources at Grand Canyon:

The lack of baseline information concerning
the extent, scope and significance of cave
resources puts them at risk

The Park has an estimated 1000 or more
caves; of these only 82 have been invento-
ried and mapped. Lack of knowledge about
cave locations and contents limits manage-
ment actions, including protection.

The lack of cave resource monitoring puts
these resources at risk

Based on documented cave resources and
guidance contained in law, policy, and the
Cave Management Plan, monitoring
protocols and actions should be established
for all caves.

Current Funded Program

The Cave Management Plan and permitting
system have been revised and updated.
Protocol for inventorying caves and evalu-
ating cave resources have been developed.
While no funded cave survey work has
been done, caves are mapped, and their
resources inventoried as the opportunity
arises primarily by the caving community.




Cave Resource Management Program

Proposed Unfunded Program

Work cooperatively with researchers and
members of the National Speleological
Society (NSS) to locate priority caves to
begin systematically inventorying and
mapping caves. Use this information to
update resource inventory files and provide
protection where needed.

Although it is estimated there are 1,000
caves in the Park, a detailed survey has not
been conducted, and files are maintained
on only 83 caves. Based on the estimated
extent of cave resources at Grand Canyon,
NR-MAP generated a need for 2.26 FTEs
to fully manage and implement the cave
program.

Establishment of a Park Geoscientist
position could begin management of all
geologic, paleontologic and cave resources.
After initial work is fully outlined, the staff
can be augmented. Currently, there are no
FTEs devoted to cave resource manage-
ment or research.

Figure 3-6 shows the NR-MAP FTE
allocation required to fully staff a Cave
Resource Management Program at Grand
Canyon which would address most of the
issues and threats described above.

Cave Resource Management

Inventory and Document Cave
Resources A cave resource inventorying
and monitoring program is necessary
before any action can be taken. Documen-
tation assesses information currently in
Park files, information from cavers, and in-
the-ground cave survey. Consultation with
American Indian groups will be necessary
to determine if a particular cave is a Tradi-
tional Cultural Property. Current files
contain information on 83 Park caves,
although individual file contents range from
a cave identification number to complete
surveyed maps, photo transects, resource
evaluations, and monitoring protocols.

All available cave resource information
must be consolidated into a database
package that is:

» useful to management

- geo-referenced for integration into other
Park resource themes

= capable of protecting the confidentiality of
location and resource data

 containing information about cave
geology, hydrology, ecology, cultural
significance, and physical and biological
hazards.

Cave maps may be integrated into the
database or maintained separately. Docu-
mentation will begin with data already
available in Park files, and expand to
knowledge held by others. Full resource
documentation will require a major explora-
tion effort to discover, map and inventory
caves (discussed below under Research).

Work cooperatively with the National
Speleological Society and researchers in
mapping caves and other cave inventory
work.

Monitor Sensitive Cave Resources
Monitoring sensitive cave resources
documents their preservation or degrada-
tion. Sufficient information is currently
available to resume monitoring some caves
(e.g. Cave of the Domes). Based on
documented cave resources, and guidance
contained in law, policy, and a Park Cave
Resource Management Plan, monitoring
protocols should be established for all
caves, and monitoring should be carried
out. A monitoring program includes human
recreation and research-use levels in the
cave, radon monitoring, condition of known
cave resources, and identification of new
resources. Results from the monitoring
program are used to adjust use levels or
implement mitigation strategies needed to
preserve cave values.
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Figure 3-6

NR-MAP FTE allocation
required to fully staff a Cave
Resource Management
Program which would address
most of the issues and

threats described above.

*Natural Resource
Management Assessment
“Full Time Equivalent

Cave Resource

Management

Inventory, Documentation, Monitoring
and Mitigation of Cave Resource

Cave Resource Management
Planning and Interpretation

Cave Resource Research

NR-MAP* FTE CURRENT FTE**
Allocation Allocation
1.0 0.0
0.76 0.0
0.5 0.0

Foster Cave Research Fostering and
promoting cave research is an ideal strat-
egy for meeting both Park and caver
needs. Individual research projects may
focus on specific topics, including cave or
karst geology, hydrology, threatened and
endangered species, or paleontology. By
supporting research projects in Grand
Canyon caves, private groups will be able
to develop data not available to Park
management. Data may include cave
locations, resources, threats, or conditions.
The NPS and the NSS have signed a
memorandum of understanding that will
improve cave research and exploration. In
entering partnerships, Park data needs and
accuracy requirements must be set forth
clearly to derive maximum benefit from
exploration and inventory work. Results can
then be used to evaluate current manage-
ment protocols and mitigation strategies,
either through comparison with virgin caves
or through assessment of inventoried
impacts.

Develop a Cave Resource

Management Plan The Cave Resource
Management Plan supports the overall
management process. It defines the
permitting process for visiting Park caves.
Park-specific criteria used in applying cave
classifications (see NPS-77) are identified.
Although impact-monitoring programs will
be cave-specific, the management plan
provides overall monitoring guidance,
including human impacts mitigation.

Provide overall management strategies for
cave resources. Work cooperatively with
the National Speleological Society and
researchers in mapping caves and other
cave inventory work. Use data to update
Cave Management Plan.

Mitigate Threats to Cave Resources
Cave resource threat mitigation will ensure
preservation of existing caves, and restore
cave values. Mitigation measures include
cave-etiquette interpretation, nondisclosure
of cave locations and features, and limiting
access to caves. Mitigation may also
include seasonal cave closures based on
cave inhabitant life cycles. In some cases
mitigation may restore damaged cave
resources.




Cave Resource Management Program

Mitigation can also include recovery of
specimens collected from Park caves.
While it will be impossible to restore such
specimens to their caves, having the
specimens in the Park Collection will make
at least some of their information value
available to researchers and the public.

Mitigate damage to cave resources caused
by human factors. Educate the public on
cave etiquette. Actively pursue policy of
nondisclosure of cave locations and fea-
tures, and limiting access to caves.

Interpret Cave Resources Cave resource
interpretation is necessary to protect caves
while still making information available to
the public. Interpretive messages should be
designed to meet the Park’s needs for
specific audiences. For example, backcoun-
try users need to understand the need for,
and process for obtaining, a cave permit
before visiting caves. Readily accessible
caves (Cave of the Domes) may need on-
site interpretation. While interpretation
should not promote cave use, it can encour-
age cave preservation, and present
research results in a non-cave specific
manner.
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Water Resource

Management

Program Overview

Managing Grand Canyon's freshwater
resources includes a variety of subdisci-
plines. The specific water resources
covered relate to those waters which occur
naturally in the Park (rivers, springs, seeps
and ponds), and the influences upon them
(both physical and cultural). Not included
are those issues dealing with the biota
associated with those waters (covered in
the Vegetation and Wildlife sections), and
domestic water delivery systems. The
ultimate goal of the water resource man-
agement program is to establish and
preserve a natural regime in which the
physical and biological components of the
aquatic ecosystem function as they have
evolved. The program, in addition to this
goal, addresses public health issues, water-
rights adjudication, long-term monitoring of
Park waters, ground water withdrawal from
adjacent lands, and water pollution issues.

Program Objectives

Under NPS policy, the overall goals of
water resource management are to main-
tain, rehabilitate and perpetuate the inher-
ent integrity of water resources and aquatic
ecosystems (NPS-77). Some Park water-
sheds originate far beyond Park boundaries
(the Colorado, Little Colorado, Havasu, and
Kanab watersheds). While the physical
aspect of numerous drainages are con-
tained entirely or largely within the Park
(Nankoweap, Bright Angel, Shinumo,
Tapeats, Spring, and Surprise are larger
examples), their watersheds can be largely
external, i.e., springs originate from
regional aquifers. Thus, impacts on water
resources from both outside and inside the
Park are a concem.

Given water scarcity in the Grand Canyon’s
arid environment, it is not surprising that
many water sources are Traditional Cultural
Properties. Consultation with affected
American Indian groups must be included in
management of these resources. The
ultimate goal of a water resource manage-
ment program is to establish and preserve
a natural regime in which the physical and
biological components of the aquatic
ecosystem function as they have evolved.

Issues

The following issues are the most compel-
ling and pertinent to managing the Park’s
water resources.

The lack of a2 comprehensive water resource
management program and updated plan puts
this resource at risk

A management document with current
information to determine what data is
needed, and how issues should be re-
solved in a prioritized manner does not
exist. The Water Resources Management
Plan was written in 1984, and needs
extensive revision.

The lack of adequate data to accurately

characterize natural conditions puts this
resource at risk

A database is important to understand and

_achieve a natural water resource. Monitor-

ing is necessary to define the spectrum of
natural and human-influenced conditions of
Park waters.



Water Resource Management Program

Human health and safety are at risk

Monitoring potential health and safety
problems, chemical water quality, or water-
borne pathogens is sporadic. Exceedances
of standards have been documented, and
probably continue. Life and property are at
risk from floods; most inner canyon camp-
sites, and sections of the South Rim
developed areas are located in areas prone
to flash floods.

Human domestic water supply developments
pUt the natural water regime at risk

External water developments could impact
springs in the inner canyon. Water diver-
sions from Roaring Springs, via the
transcanyon pipeline, affect NPS water and
water-dependent resources. Alternatives to
current potable water sources need to be
evaluated. It is unknown if continued water
sales to Tusayan is consistent with existing
legislation and NPS policy.

Fark water rights must be established

A court ruling has held that in states under
the Appropriation Doctrine, such as Ari-
zona, Federal agencies are required to file
on water rights to establish ownership. This
will require the Park to quantify all water
resources. Information is needed to support
NPS water rights claims. Adjudication is
pending for the Little Colorado River.

Wetlands are at risk

The Colorado River, Kanab Creek, Havasu,
Paria and Little Colorado River drainages
originate outside the Park, and are exposed
to a variety of pollutant sources including
grazing, mining operations, urban sewage,
and uranium milling facilities. All are sus-
pected of transporting pollutants into Grand
Canyon National Park. NPS actions may
also result in loss of wetlands in the inner
Canyon, due to reconstruction of the
transcanyon pipeline, and on the North Rim
due to road construction.

Current Funded Program

In order to deal effectively with the varied
and complex water-resource issues, Grand
Canyon National Park operates under a
Water Resource Management Plan. The
plan was developed in 1984 and requires
extensive updating. Currently, there is 1.0
FTE assigned to water resource manage-
ment. Work involves stream/spring inven-
tory and characterization of water quantity;
location and chemical properties; water
quality studies in the River corridor two to
three times a year; floodplain analysis and
indirect measurements of flood events;
interagency monitoring of spring/ground
water on selected sites below the South
Rim; evaluation of impacts from ground
water resource development outside the
Park; development of stream monitoring
protocols; establishment of channel refer-
ence sites for future instream-flow studies.

Proposed Unfunded Program

Water resource management can be
divided into six major arenas:

« overall program management
 natural condition characterization
 health and safety issues

» wetlands protection

« domestic supply development

« water rights establishment.

A preliminary assessment of staff needed to
manage water resources in Grand Canyon
National Park (NR-MAP) identified nearly
five FTEs. These approximations may be
modified upward as data becomes avail-
able, especially regarding impacts to
springs and ground water from domestic
water development south of the Park, and
to management of Glen Canyon Dam and
its effect on the Colorado River in Grand
Canyon. Currently, there is one FTE
available to achieve the goals and objec-
tives outlined in this program. See Figure
3-7.




Figure 3-7

The NR-MAP FTE allocation
required to fully staff a Water
Resource Management Program
which would address most of
the issues and threats
described above.

*Natural Resource
Management Assessment

**Full Time Equivalent

Water Resource Management

Estuarine

Marine

Palustrine

Natural Lakes/Ponds
Rivers

Reservoirs

Springs/Streams/Ground water

Water Rights Management

Develop Overall Frogram Management

Overall program management coordinates
the various studies, projects and actions
needed to meet the goal of naturally
functioning aquatic systems. A timely
management document insures that
existing information is available, needed
data are developed, and issues are
resolved in a prioritized manner. The plan
used for such work is the Park’s Water
Resource Management Plan. The Plan
addresses three major categories, outlined
in NPS-77: .

* Background and authority are the legal
and policy framework upon which the
water resource management program is
based. In addition to servicewide goals
and objectives, specific guidance is found
in the Law of the [Colorado] River, the
Grand Canyon Protection Act, the
Tusayan Water Sales guidance, NPS
water rights policy, and State adjudica-
tions.

NR-MAP* FTE CURRENT FTE**
Allocation Allocation
0.0 0.0
0.0 0.0
1.24 0.0
0.0 0.0
1.47 0.05
0.34 0.0
1.36 0.95
0.4 0.0

* The hydrologic environment describes
what is currently known regarding the
Park’s water resources. Information on
legal rights, the quantity and quality of
Park waters, and outside factors influenc-
ing the resource are covered. Not only
does this section identify the extent of
current knowledge, but also points out
gaps in existing data.

* Water resource issues and alternatives
form the action portion of the plan. Grand
Canyon faces a variety of issues, includ-
ing incomplete characterization of natural
conditions, threats to health and safety,
preservation of Park wetlands, impacts of
domestic water use, and undefined water
rights.

The Water Resource Management Plan is
a dynamic document requiring periodic
revisions which may be internally driven,
reflecting issue changes and/or new data,
or externally driven by new laws or changes
in surrounding land use.
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Water Resource Management Program

Characterize Natural Conditions

Characterizing natural conditions is vital to
managing any resource. A naturally func-
tioning system is the ultimate goal of nearly
all water management actions. To achieve
this goal, those natural conditions must be
quantitatively defined. In the course of
condition definition, non-natural influences
may also be identified. To characterize
natural conditions, data must be developed
on water quantity (including volume and
seasonal variations), the water’s chemical
and biological components, and the geo-
logical processes determining the water’s
character and availability (ground water
dynamics, regolith, geologic environment,
etc.). Due to the highly variable nature of
water flow and availability in the arid
Canyon, long-term monitoring is needed to
define the spectrum of natural (and human-
influenced) conditions in Park waters.

Inventory and Document Characterize
natural water resource conditions, and
conduct a detailed hydrogeologic assess-
ment of the South Rim. Delineate wetlands
in vicinity of current and planned develop-
ment areas. Identify and evaluate alterna-
tive sources of potable water, North and
South rims.

Monitor Designing a water resource
monitoring program is essential to gaining
an understanding of the Park’s diverse and
dynamic fluvial systems. Monitor water
resource conditions, and implement long-
term monitoring program for water quality
and quantity in the backcountry. Monitor
wetland areas.

Mitigate Impacts and Protect Protect
human health and safety from water-related
threats, and mitigate those threats. Mitigate
dangers to human health, safety and
development from flood events.

Protect and preserve Park wetlands.
Ensure management activities do not
degrade natural conditions, and

evaluate potential impacts from water-
supply developments outside the Park.

Foster Research Conduct and encourage
research to characterize natural water
resource conditions. Foster wetland-related
research.

Develop Management Plan Update water
resource management plan to more accu-
rately reflect changing needs and priorities.
Manage water resources to restore, pre-
serve and protect natural systems.

Interpret and Educate Interpret human
water supplies, use alternatives, and
conservation.

Protect Fublic Health and Safety

In 1983, an investigation of bottom sedi-
ment samples along the length of the
Colorado River within the Park indicated
that high levels of fecal coliform bacteria
were present in many locations. Glen
Canyon Dam flow levels and release
patterns agitates the river bottom and
brings bacteria to the surface adjacent to
river bank campsites. In these areas,
contaminated water may be used by
thousands of recreationists each year.

The protection of public health and safety
assume great importance when water
scarcity at Grand Canyon is considered.
Where water is available, human use
congregates. Some uses, such as inner
canyon developments, are relatively perma-
nent and susceptible to floods. Flood
hazards are the water-related hazards most
likely to take lives at Grand Canyon Na-
tional Park. Other uses, such as recre-
ational use of water throughout the Canyon,
are more transient and seasonal. Aquatic
chemical and biological hazards influence
both uses. Microbial hazards are biological,
but the techniques for identifying these
hazards are more closely akin to chemical
analyses. Consequently, microbial analysis
is best carried out as an adjunct to chemical
studies.
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A complete analysis of health and safety
issues allows Park management to develop
options protecting permanent develop-
ments from danger, and educating recre-
ational users on hazards and how to deal
with them.

Inventory and Document Work coopera-
tively with the U. S. Geological Survey in
conducting a detailed South Rim
hydrogeologic assessment.

Monitor Implement long-term monitoring
program of water quality and quantity
including bacteria of the Colorado River
and selected tributaries.

Mitigate Impacts and Protect Protect
human health and safety from water-related
threats. Conduct flood-hazard assessment
on selected backcountry developed areas
likely to be impacted by flood events.
Mitigate dangers to human health, safety
and developments from floods.

Foster Research Conduct and foster
research to characterize natural water
resource conditions.

Develop Management Plan Provide
overall planning for health and safety
protection from water-related threats.
Develop a flood contingency plan for
corridor developments, as part of the Water
Resource Management Plan. This can
include installation of a flood early warning
system on Bright Angel Creek that will
insure a timely response from Park staff.

Interpretation Interpret threats posed by
water resources. The Park Hydrologist can
train ranger and maintenance personnel to
maintain an early warning system on Bright
Angel Creek. Teach annual flood aware-
ness classes to all personnel working and
living in flood-prone areas. This course can
include a flood waming protocol.

Resource Management Plan o

Mitigate Threats of Human Domestic Water

Supply

Development Human domestic water
supply development represents one of the
greatest potential impacts to the natural
water regime in the central Grand Canyon.
NPS policy limits water withdrawals to the
minimum necessary to support the use and
management of the Park, and only if such
use does not significantly alter natural
systems. The impacts of existing water
diversions from the Bright Angel watershed,
and flow augmentation of the Pipe and
Coconino watersheds need to be com-
pletely defined.

The impacts on ground water flow and
availability from existing and proposed wells
south of the Park could have long-lasting
impacts on spring flow in the Canyon from
the Little Colorado River west to the
Havasu drainages, but insufficient data are
available to assess these threats. Collec-
tion of comprehensive, detailed data are
necessary to determine resource damage
potential from ground water withdrawal.

Inventory and Document Identify and
evaluate alternative sources of potable
water for North and South rims. Develop
information in support of an EIS for alterna-
tive water supplies.

Monitor Ensure that human water supply
developments do not degrade natural
conditions. Evaluate potential impacts from
water-supply developments outside the
Park.

Mitigate Impacts and Protect Ensure
human water-supply developments do not
degrade natural conditions, and that all
future projects comply with Federal regula-
tions. Evaluate potential impacts from in-
Park water-supply developments, and
insure that all future maintenance projects
comply with Federal regulations.
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Foster Research Conduct research
cooperatively with the USGS and university
personnel to characterize natural water
conditions.

Develop Management Plan After the
monitoring phase is complete, develop
information for a revised Tusayan Water
Sales Environmental Assessment. Incorpo-
rate this information into the revised Water
Resource Management Plan.

Interpretation Submit all findings and
alternatives to Management and Interpre-
tive personnel.

Establish Water Rights

Establishing water rights preserves the
Park’s rights to water quantity and quality
needed to maintain natural Park systems.
These water rights must be developed in
accordance with both State and Federal
law. In adjudication proceedings (such as
those for the Little Colorado River), the
NPS (through the Justice Department) must
quantify its needs for the preservation of
Park values, which, if unmet, would defeat
the Park’s purpose. While the actual
establishment of NPS water rights as
discussed herein is a legal issue, it draws
heavily on the results of monitoring pro-
grams carried on under characterization of
natural conditions, and is augmented by
findings of domestic-source impacts.

Inventory and Document Develop data
bases on Park water resources needed for
adjudication of Park water rights.

Monitor Establish long-term monitoring of
significant water resources below the South
Rim to determine impacts from water
withdrawal outside the Park.

Mitigate Impacts and Protect Protect
water rights through water adjudications.
Pursue Wild and Scenic designation to
provide additional layer of protection to
assure minimum flows.

Foster Research Conduct studies, both in-
house and cooperatively with other agen-
cies to support NPS water right claims as
part of the Little Colorado River adjudica-
tion. Examples of such studies could
include channel maintenance parameters
and fish habitat requirements.

Interpretation Other Park divisions can aid
in the interpretation and education of water
rights information.

FProtect Wetlands

Wetlands provide some of the Park’s most
biologically productive areas. Biological
productivity is best evaluated and perpetu-
ated using the tools of science, and is
discussed under the Vegetation and Wildlife
sections of this Plan. Availability of free
water makes this environment possible, and
the water is subject to the same physical
and legal characteristics that determine
other water-resource values. Indeed, water
supply to wetlands is inseparable from other
water-supply issues, and cannot be treated
independently without serious duplication of
effort. Therefore, the physical aspects of
wetlands (water supply and delineation) are
discussed under water resources, with the
former integrated into the characterization
of natural conditions and the latter in its own
section.

Inventory and Document Inventory flora
and fauna of Park wetlands as well as
spring discharges and water chemistry.
Delineate wetlands in vicinity of current and
planned developments.

Monitor Long-term monitoring of wetland
areas is needed to establish baseline data,
and monitor long-term trends.

Mitigate Impacts and Protect Identify
wetlands that are at immediate risk, or have
been impacted already from management
activities. Develop strategies for mitigating
these impacts.
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Foster Research Conduct and/or foster
independent wetland-related research.

Develop Management Plan Promulgate
an overall wetland preservation Plan.

Interpretation Throughout all six “divi-
sions” of the water resource management
program, interpretation plays a key role.
Interpreters are not limited to informing the
public about specific water resources.
Interpretation can also orient the public to
special Park needs in managing its water
resources to preserve natural conditions,
and how such preservation will, in tumn, play
a pivotal role in maintaining the Grand
Canyon as a dynamic system.




Air Quality Management

Program Overview

Grand Canyon enjoys some of the cleanest
air left in the United States. This clean air is
a fragile resource, and existing levels of
human-caused poliution create a clearly
visible haze. Many studies have been
conducted to characterize this haze—its
composition and origin. In addition to
visibility studies, Park monitoring programs
measure acid deposition (wet and dry),
ozone concentrations, and meteorological
conditions. Special studies have added
substantially to this information.

Grand Canyon is a Mandatory Federal
Class | area under the Clean Air Act as
amended. This status does not reflect the
present cleanliness of the air. Rather, it
affords protection from increased concen-
trations of “criteria pollutants” (ozone, lead,
nitrogen oxides, sulfur dioxide, carbon
monoxide, and aerosols less than ten
micrometers in diameter). National stan-
dards for criteria pollutant concentrations
are set to guard human health and safety,
but damage to other resources may occur
at lower concentrations. The Clean Air Act
also sets a goal of no human-caused
visibility impairment in Class | areas (such
as Grand Canyon), by preventing future
hazes and eliminating existing ones. In
working toward this goal, the EPA required
the Navajo Generating Station (Page,
Arizona) to reduce its sulfur dioxide emis-
sions 90% by 1999, because of the emis-
sions’ visibility impact on Grand Canyon.

Air Quality Management Program

The value of air-quality studies extends
beyond Park resource management. Most
air-quality monitoring in the United States
focuses on “problem areas” like urban
centers and manufacturing complexes.
Monitoring in rural areas like Grand Canyon
develops a baseline to understand the
characteristics of relatively pristine air, and
to assess the pervasiveness of pollutants.

Program Objectives

The air-quality program at Grand Canyon
National Park is based upon National Park
Service management guidelines established
in NPS-77, The goal of the NPS air
resource management program is the
preservation, protection, and enhancement

of air quality and air quality related values of

units of the National Park System by
ensuring compliance with the requirements
of the Clean Air Act and the NPS Organic
Act. Major program objectives include:

 Ensuring that facilities and activities within

parks comply with Clean Air Act require-
ments, including State and local regula-
tions

» Acquiring the information and tools to
document air-quality conditions in parks,
to evaluate trends, identify resources that
may be or are affected by air pollutants,
determine cause and effect relationships,
and estimate changes that may result
from changing pollution levels

» To remedy existing, and prevent future
air-pollution effects on Park resources
and values, by working with Federal,
Tribal, and State governments in develop-
ing regulations and pollution-source
permits, as required by the Clean Air Act.

3-90



Resource Management Plan :

Issues

The following issues are pertinent to
managing air quality at Grand Canyon:

The lack of baseline data necessary to
characterize existing air quality conditions
puts air quality at risk

There is a lack of baseline and effects
information for air quality related values.

The lack of documented information regarding
the impact of air pollution on Fark resources,
visitor experience and public health puts
those resources and values at risk

Visitor enjoyment of the Park is hampered
by traffic pollution, smoke, light and aircraft
noise. Visibility impacts, acid deposition,
and bio-effects are some of the potential
impacts which require inventory, monitoring
and mitigation. Presently, it is not known
whether other Park resources, including
biotic and cultural elements, are adversely
affected by changes in air quality, or what
levels of potential pollutants will cause
significant resource damage.

The lack of an air resource program and plan
puts FPark resources at risk

Without a plan and program policy issues
or pollution sources of greater significance
may go unnoticed while others of lesser
importance may receive unwarranted
attention.

External and internal sources pollute Park air
quality

There are regional as well as local sources
which influence the air quality within the
Park. These sources must be identified,
monitored and documented. Sulfates from
fossil fuel combustion, smelters and urban
areas account for over 60 percent of the
visibility reduction at Grand Canyon Na-
tional Park. A major local source of sulfur
dioxide is the Navajo Generating Station,
the coal-fired generating plant at Page,
Arizona. It was the focus of intensive
studies from 1987 to 1991, and will reduce
its sulfur dioxide emissions by 90 percent
by 1999.

An EPA-sponsored study of the Mohave
Power Project, a coal-fired generating
station near the mouth of the Canyon, will
determine its contribution to haze. Fugitive
dust, smoke from wild and prescribed fires
and natural organics also contribute to
haze, but to a lesser extent. Ozone concen-
trations have been measured to be as high
as 84 parts per billion (ppb) locally, well
below NAAQS standards, yet above the
threshold of damage to sensitive plants.

FPark resources have been impacted

Visibility of integral vistas, and public health
and air quality standards must be pro-
tected, and new Federal requirements for
air toxins, hazardous air pollutants, operat-
ing permit programs, conformity, and
regional haze must be met.

There is a need to communicate air quality
values and preservation to the public

Since most pollutants affecting the Park
originate outside Park boundaries, and
other State, Tribal, and Federal agencies
regulate air quality, an informed public is
essential in shaping air quality manage-
ment.
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Current Funded Program

Air quality monitoring at Grand Canyon
began in 1959. Many techniques have been
used to measure visibility, aerosols, gases,
and acid deposition. Research is conducted
to document existing air quality, to perceive
trends, to measure sensitivity of Park
resources to pollutants, to establish local
and regional weather patterns affecting air
quality, and to identify the sources and
nature of existing and potential pollutants.

The clean, clear air of Grand Canyon is an
excellent laboratory for monitoring and
special studies to document, measure, and
characterize the physical properties of
haze. Sociological studies have investi-
gated visitor reactions to haze. Tracer
studies and computer modeling have
sought sources of haze pollutants.

The Park monitors other air quality param-
eters as well. Current efforts include wet
acidic deposition (National Atmospheric
Deposition Program), dry acidic deposition
and ozone concentrations (NPS Gaseous
Pollutant Network), and meteorology.

Currently there is one FTE at Grand
Canyon committed to oversee the air
quality management program. Additional
staff commitments interpret air quality
issues.

Proposed Unfunded Program

Protecting air quality and its related
resources requires an extensive program of
data coliection and interpretation. Effective
management requires:

« establishing existing air quality conditions

- identifying pollution sources affecting the
Park

« characterizing effects of air pollution on
Park resources

- mitigating identified pollution impacts

» communicating the importance of air
quality values and preservation to the
public.

Projections by the NR-MAP program
identify a staff of almost four FTEs for air
quality management, as shown in Figure
3-8. The sections below outline specific
steps to manage air quality.

Establish Existing Air Quality Conditions

Documenting existing air quality conditions
is an ongoing job. Air quality varies under
natural conditions, requiring a long baseline
of information to make meaningful interpre-
tations of “average conditions” and “trends.”
Improved monitoring techniques and new
pollutants of concern may augment or
replace existing monitoring procedures.

Our ability to define and measure air quality
impacts on Park resources will improve in
the future. Thus, to document existing air
quality, three types of data collection and
interpretation are needed.

Monitoring of ambient air quality This
procedure documents what is in the air. A
variety of instruments measure light trans-
mission and scattering, sample aerosols
and precipitation, gas concentrations, and
record meteorological conditions. To
provide a reliable data baseline, long-term
measurements are needed. Short-term
studies can identify particular pollutants or
assess impacts for particular poliution
sources. Data from special studies should
be integrated into the long-term databases.
Presently, nearly all ambient air quality
monitoring is funded and/or contracted
through the National Park Services’ Wash-
ington Office Air Quality Division (AQD).
AQD employs the technical expertise
needed to produce scientifically defensible
data and interpretations, and contracts for
data analysis and technical support to field
sites. This system has worked well. How-
ever, the Park must be prepared to assume
at least partial funding of the program if
necessary, to preserve a scientifically
valuable baseline.
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Figure 3-&

NR-MAP FTE allocation
required to fully staff a Air
Quality Management Program
which would address most of
the issues and threats

described above.

*Natural Resource
Management Assessment
“Full Time Equivalent

Air Quality Management

Biological Effects, Planning, Regulatory
and Interpretive Activities

Instrument Monitoring

Meteorological Monitoring

NR-MAF* FTE CURRENT FTE*
Allocation Allocation

1.24 0.35

2.03 0.50

0.56 0.10

Establishing potential effects of air
pollution on Park biota The effects of
various pollutants, in a range of concentra-
tions, and on many plant and animal
species, are documented in the literature.
Comparing the biota of Grand Canyon with
poliution-effects studies will begin to identify
species at risk and symptoms to monitor. A
monitoring program based on information
developed by this comparison can alert the
Park to resource degradation.

Air quality related values in Grand
Canyon were identified at various times
in the past Two such values are visibility
and biotic health. However, many assess-
ments are dated (e.g., “integral vistas”),
and some values have not been studied
(e.g., impacts on geologic features).
Systematic analyses of Park resources and
experiences, and the impact of air pollution
on them, should be developed. The listing
should be updated regularly, and used to
set monitoring and mitigation priorities.

Document Impacts on Fark Resources

Impacts on Park resources must be docu-
mented to develop options for dealing with
air pollution effects. Although the mere
presence of air pollutants may have legal
significance, it is the impacts of those
pollutants that drive legislative and adminis-
trative action to ensure clean air. By the
same logic, documenting impacts on Park
resources adds immediacy to the need for
mitigation, and records the changing
conditions of Park resources.

Three major resource impact categories
are:

Visibility Many studies correlate the
presence of air pollutants to reductions in
visibility. Socioeconomic impacts of haze
have also been studied. Continued monitor-
ing of visibility will document physical
changes. Aesthetic components of visibility
require continuing studies to determine the
socioeconomic values of current and future
visibility conditions. Because Park visibility
is sensitive to small increases in pollutants,
visibility degradation can also serve as an
early warning for other resource impacts.
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Acid deposition Precipitation chemistry
has been measured in Grand Canyon since
1981, but impacts of acid deposition have
not been studied in the Park. Current
precipitation acidity is near normal, allowing
baseline investigations of soils, biota, and
cultural features to be made. With a
baseline in place, current or future resource
degradation can be identified.

Bio-effects Monitor air pollution effects on
growth, reproduction and health of Park
biota (“bio-effects”) to help preserve eco-
system health. Current monitoring is limited
to ozone effects on Pinus ponderosa, and
lichen species have been inventoried.
Pollutant-sensitive species growing in the
Park, including Rhus trilobata and several
species of lichens are monitoring candi-
dates. Comprehensive monitoring should
include the full range of Park environments.
Ensuring the health of Park ecosystems is
the primary goal of such a program. A
secondary benefit is the identification of
pollution problems in remote areas of the
Park, where other monitoring efforts are not
practical.

Frovide Air Resource Program Guidance

Comprehensive air resource program
guidance should be provided by a Park Air
Quality Management Plan. Air-quality
characteristics have been monitored in the
Park since 1959, producing a solid founda-
tion of information on which to build. A plan
will ensure that Grand Canyon can coordi-
nate and integrate all facets of air quality
research and management into a compre-
hensive program. Air quality in the Park is
dependent on actions hundreds of miles
away, so flexibility is essential. The plan
must respond to changing physical, chemi-
cal, and legal environments. The Park must
be prepared to meet new Federal require-
ments for air toxins, hazardous air pollut-
ants, operating permit programs, confor-
mity, and regional haze.

Identify Sources of Air Pollution
Sources of air pollution affecting Park
resources must be identified if their impacts
are to be mitigated. Establishing some
cause-and-effect relationships can be
relatively straightforward, particularly for
local sources. However, pollution comes
into the Park from many distant sources as
well. Identifying these sources is much
more difficult. Thus, a two-tiered approach
to source identification is needed:

» Identification and quantification of local
sources define those air pollution sources
close to or within the Park.

Only one large pollution source lies within
100 km. of the Park (the Navajo Generat-
ing Station), but many smaller sources lie
within this radius. Because of their
proximity, these sources may have a
disproportionate impact on air quality and
its related values. An inventory of poliu-
tion sources is the first step toward
ensuring they do not degrade air quality
related values in the Park or violate
environmental compliance regulations.
This inventory will also show NPS com-
mitment to clean air goals.

« ldentification and quantification of
regional pollution sources defines sources
contributing to the regional haze that
limits visibility in the Park, and other
pollutants carried into the Park, such as
0zone precursors.

These pollutants also may damage Park
resources other than visibility. Because of
the distances involved in regional studies,
emissions from individual facilities usually
disperse and blend. Therefore, sources
are often defined as regions (e.g., Los
Angeles Basin, Las Vegas metropolitan
area). However, the individual contribution
from large, isolated sources (e.g.,
Mohave Power Project) may have signifi-
cant, measurable impacts.
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Mitigate Air Pollution Effects on

Park Resources Reducing pollution levels
is the primary focus for mitigating air
poliution effects on Park resources. Some
poliution-sensitive objects could be col-

lected and preserved in the Park Collection.

However, collection is not an option for
most Park resources, nor is it compatible
with NPS preservation goals. While the
NPS has no direct control over the issu-
ance of air pollution permits, it does have a
responsibility under the Clean Air Act to
work with State, Tribal, and Federal air
pollution control agencies to ensure the
permits the agencies issue do not damage
Park resources. Mitigation of impacts can
proceed on two fronts, inside the Park and
outside the Park.

< Controlling in-Park emissions will mitigate
air pollution impacts from sources over
which the Park has direct control.
These sources may include wildland fires
for ecosystem management, concession
operations (e.g., tour buses, boilers),
visitor and domestic emissions (e.g.,
campfires, wood stoves), and Park
operations (e.g., vehicle fleets, surface
coatings, construction projects).

In areas where the Park has direct
control, mitigation will not only reduce
threats to Park resources, but also set a
good example for general pollution
management. It may be possible to
obtain special funding for demonstration
projects.

Control of external emissions requires
close cooperation between the Park
(either directly or through the Air Quality
Division) and State, Tribal, and Federal
permitting authorities.

Cooperation and dialogue are often on a
reactive, issue by issue basis. In a better,
proactive program, the Park participates
in regional planning efforts. Multi-state,
multi-agency efforts can promote coordi-
nated strategies to address regional air
quality issues that do not respect legal
boundaries.

Interpret Air Quality Issues Air quality
issue interpretation is continuous at Grand
Canyon. The program has been successful
in informing the public about the pollution
problems faced by the Park and its re-
sources. Interpretive efforts must continue
and evolve as impacts to Park resources
change.

A strong interpretive program also allows
the public an opportunity to understand, or
at least appreciate, the complexities of air
pollution, its sources, impacts, and rem-
edies. Individual human actions multiplied
by millions of people have caused pollution
problems. Educating people to reduce their
impacts, multiplied by millions of Park
visitors, reduces pollution problems.




Vegetation Management

Program Overview

This chapter describes both the vegetation
and restoration programs.

Vegetation Management

The vast diversity of vegetation at Grand
Canyon is most likely unsurpassed by other
national parks. The Park contains repre-
sentatives of the four North American
deserts (Mohave, Great Basin, Sonoran,
and Chihuahuan) as well as montane
ecosystems (boreal forests such as subal-
pine coniferous forests of spruce, fir and
aspen), cold temperate forests and wood-
lands (ponderosa pine, pinyon pine and
juniper), grasslands (subalpine, plains and
Great Basin), cold desert scrub, warm
desert scrub and riparian woodlands/scrub.

There are over 1,500 species of vascular
(seed plants) in the Park within an elevation
range of almost 8,000 feet, based upon
information gathered from field surveys and
herbarium collections. The species list is
incomplete because large portions of the
Park, generally within the inner canyon,
have never been botanically surveyed. The
number of non-vascular plants is unknown.
A preliminary study done in the 1940s
found 64 moss species, over 167 species
of fungi are reported, and a recent 1993
study found 195 lichen species. Additional
numbers of vascular and non-vascular
plants are to be expected, due to the Park’s
remote nature, the wide varieties of habi-
tats, and ongoing invasions by nonnative or
exotic plants.

Although Grand Canyon has a completed
1982 vegetation classification and map,
there is little known about the Park’s
vegetation dynamics, and how they are
related to internal and external threats.
Little is also known about the location,
extent and health of threatened, endan-
gered and sensitive plant species.

Restoration Frogram

Native plant communities at Grand Canyon
are adversely impacted by human activities.
Approximately five million people visit each
year, with predictable consequences for the
Park’s vegetation; native plants are
trampled at viewpoints, trailheads, and
along trails. Construction projects also
devastate vegetation. Vegetation loss has
resulted in erosion of scarce topsoil, further
degrading sites. Alien species such as
Mediterranean sage (Salvia aethiopsis),
cheat grass (Bromus tectorum), horehound
(Marrubium vulgare), and mullein
(Verbscum thapsus) have invaded dis-
turbed areas.

Native vegetation within the proposed
wilderness, including along the Colorado
River, is adversely impacted by
recreationists. Active mitigation programs
are conducted to reduce impacts and
restore damaged areas. This often requires
trail delineation, trail relocation, and site
preparation for eventual revegetation. In
addition, exotic species such as Russian
olive (Elaeagnus angustifolia), ravenna
grass (Saccharum ravennae), and camel
thomn (Alhagi camelorum) are invading the
Colorado River corridor and seriously
threaten the native biodiversity of this
system. Current efforts to eradicate Rus-
sian olive and control ravenna grass appear
effective to date. Attempts at site specific
control of camel thorn are ongoing.

Vegetation Management Program
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Program Objectives

Issues

Vegetation Management

NPS Management Policies state that, “The
National Park Service will seek to perpetu-
ate native plant life as part of natural
ecosystems” and that,

The National Park Service will
assemble baseline inventory data
describing the natural resources
under its stewardship and will
monitor those resources...to detect
or predict changes. The resulting
information will be analyzed to
detect changes that may require
intervention and to provide refer-
ence points for comparison with
other, more altered environments.

Restoration Frogram

The revegetation program’s primary objec-
tive is to restore native vegetative cover to
impacted areas. This includes locations in
the heavily impacted South and North rims,
in the backcountry, and at sites along the
Colorado River. Secondary objectives,
which enable the achievement of the
primary objective, include: collecting native
seeds for growing transplanting stock;
constructing and operating greenhouses
and nursery areas; transplanting; and tree
salvaging. Complementing these secondary
objectives are programs to eradicate alien
species, to develop a systematic habitat
restoration plan for disturbed sites, and to
develop and operate a resource damage
assessment protocol.

Rare, threatened, endangered and sensitive
species are at risk

Little is also known about the location,
extent and health of threatened, endan-
gered and sensitive plant species. An
understanding of the impacts to riparian
vegetation and hanging gardens, consid-
ered extremely important communities
within the desert ecosystems of the inner
canyon, is also unknown.

Alien plants are displacing native species

There are over 116 alien species known in
Grand Canyon representing 26 families and
81 genera. Their extent and impact is
currently not known. Although the South
Rim area was inventoried about ten years
ago, no other inventories have been com-
pleted to date. It is apparent that such
species as tamarisk pose a great threat to
the native vegetation especially of riparian
areas. Hundreds of acres of native vegeta-
tion have been replaced by tamarisk along
the Colorado River and its tributaries. Many
springs vital to wildlife and humans are also
being invaded by the plant. Though removal
along the Colorado River may not be
practical, removal in the tributaries, isolated
springs, and on the rims is achievable.
Other alien plants are more specific to
certain Park regions, and may be more
easily controlled.
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Lack of knowledge of native plant communities
puts them at risk

Although Grand Canyon has a completed
1982 vegetation classification map there is
little known about the vegetation dynamics
in the Park and how they are related to
internal and external threats. This map only
provided a snapshot of vegetation types for
that specific project. The classification field
work did not establish permanent vegeta-
tion plots in order to follow changes in
composition over time. Without such a
system of plots, it is unknown if the vegeta-
tion classification has become obsolete in
certain Park areas, or if changes to the
vegetation are due to natural or human-
caused variation.

There is a need for a comprehensive,
integrated vegetation management plan

The issue that is most critical is the lack of
baseline information on species, communi-
ties, and ecosystem dynamics, as well as
for threatened and endangered species.
The lack of this baseline data affects all
other programs.

Native plant communities have been disrupted

The enormous visitation to Grand Canyon
causes dramatic impact to native vegeta-
tion including trampling, social trailing,
vehicle parking, and construction, barren
ground, tree root exposure, social trails,
and erosion. Glen Canyon Dam has also
altered the native riparian plant community.

Those areas that are rehabilitated do not
have an adequate evaluation program to
determine if techniques are working in the
long term. There are no planning docu-
ments that lay out strategies for restoration
on a Parkwide basis. Plans are written on a
site-specific basis.

Lack of base funding for this program puts
resources at risk

Lacking base funding, the efforts of the
revegetation crew are not necessarily
directed by the needs of Grand Canyon
National Park but by the amount and type
of funding they can raise each year.

Current Funded Program

Vegetation Management

The current funded program is limited and
needs expansion to address the many
issues and threats to vegetation resources
at Grand Canyon, including:

» Surveying for sensitive plant species in
areas to be disturbed by construction and
prescribed fires

» Monitoring the condition and trend of the
endangered sentry milk-vetch

* Management of a vegetation program

« ldentifying impacts to plants resulting
from adjacent landowner or in-Park
activities

< Preparing management plans, monitoring
protocols, publishing articles on Park
research, and making presentations at
symposiums and for Park staff

« Incorporating data from research,
resource inventories, baseline studies,
and monitoring into appropriate GIS and
other long-term databases

« Develop grant and research proposals,
contract supervision (to insure that
contracted research meets contract
specifications and scientific credibility)
and review of independent research
proposals and collecting permits
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Figure 3-9
NR-MAP FTE allocation required
to fully staff a Vegetation
Management FProgram which
would address most of the
issues and threats described
above.

*Natural Resource
Management Assessment

 Threatened And Endangered ﬂ ant.
;Managsm&nt : .

Vegetation Management

Native Terrestrial Plant Management
and Monitoring

Native Aquatic Plant Management
and Monitoring

Federal Threatened and Endangered
Species

Federal Candidate 1 & 2 Species

 Control

**Full Time Equivalent

Other Species Listed by State(s)

Monitoring

Reintroduction of Extirpated Plants

Subsistence Use Management - Plants

NR-MAFP* FTE CURRENT FTE*
Allocation Allocation

3.91 0.25

0.62 0

0.34
0.56

0.56

0.25

0.50




\ Vegetation Management Program

Restoration Program

Disturbed Area Rehabilitation

Abandoned Road Restoration,
Renhabilitation, and/or Revegetation

Rehabilitation of Backcountry Campsites,
Trails, and/or River Corridors
Commonly Used by Boaters

Rehabilitation of Other Disturbed Areas
(e.g. campgrounds, picnic areas,
ORV-impacted areas, abandoned landfills,
mines and borrow pits)

NR-MAP* FTE CURRENT FTE**
Allocation Allocation
3.0 4.5
9.0 0.7
6.0 0.5

» Planning and implementing revegetation
projects at construction sites throughout
the Park, and at other Park sites when
volunteers are available

» Implementing alien plant eradication
program

- Staff is unavailable to implement plan-
ning, comprehensive monitoring, or
studies pertaining to ecosystem dynam-
ics.

Restoration Frogram

The revegetation program’s projects and
staffing, with the single exception of the
program manager, are funded from external
sources through a variety of funding
sources and competitively procured con-
tracts. The absence of base funding for this
program has numerous negative conse-
quences.

Among these are the constant drain of
proposal writing; the timing and insecurity
of contract awards which makes program-
matic decision making and long-term
planning imprecise and difficult; and
funding insecurity which contributes to
turnover in personnel and increased
personnel training costs. Perhaps most
importantly, the projects the revegetation
crew undertakes are set by the funding
agencies and the contracts won, not the
Park. That is, reliance on external funding
removes the direction of the program’s
efforts from the Park.

A revegetation specialist was hired in
November, 1994, to establish a revegeta-
tion program. He remains the Park’s only
base-funded employee in the revegetation
program. The revegetation specialist
currently manages a staff of seven term
employees who are funded by contracts
they procure through various proposal
processes.

Figure 3-10
NR-MAF FTE allocation
required to fully staff a

Restoration Frogram which
would address most of the
Is5Ues and threats described

apove.
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In the two years since the program’s
creation several large restoration projects
have been completed and others are in
progress.

The program’s accomplishments include
construction of greenhouses enabling local
propagation of native transplanting stock,
over 6,000 native plants planted, over 300
trees salvaged from construction zones and
replanted in other locations, and the eradi-
cation of two alien plant species from the
Park. The following discusses the program
areas within the revegetation program.

Volunteer FProgram

Much of what the revegetation program has
achieved has been through the recruitment
and integration of volunteers—both visitors
and organized groups—into the revegeta-
tion program’s work efforts. Volunteers
involvement is perhaps the greatest suc-
cess of the revegetation program. By being
involved in hands-on work, the volunteers
better understand Park issues and commit
themselves to Park values. The tasks
completed by volunteers have been as
diverse as the people themselves. From
first and second graders collecting seed to
elders planting trees and shrubs, volunteers
were integrated into all aspects of the
revegetation program. Some visitors spent
two hours removing nonnative weeds while
others committed several weeks to the
salvage and transplanting of large pine
trees. In 1996, over 600 people volunteered
more than 11,000 hours to the revegetation
program. Unfortunately, a number of
volunteers were turned away due to a lack
of camping or housing facilities.

During the course of one season, hundreds
of people of all ages are trained and
supervised. Each person leaves Grand
Canyon with a greater awareness of the
importance of native plant species. Many
past volunteers have informed us that they
have taken the skills and awareness gained
in this program back to their local communi-
ties and closest national park.

Resource Managemont Plan g

They leave knowing that the displacement
of native plants by alien species reduces
community biological diversity. They
understand native plant communities'
significance and benefits from an ecologi-
cal perspective.

The volunteer program has greatly ex-
panded the numbers and types of projects
the revegetation crew has been able to
complete. Volunteers completed restoration
projects at Pima, Powell and Yavapai
points, and at Mather Campground. But
more important, the volunteer program
helped the Park Service effectively uphold
its mission to preserve what is inspirational
and wonderful, and to bring that message to
many people in a way which perpetuates
those ideals.

Partnership with Grand Canyon Schools

One of the most fulffilling volunteer pro-
grams is the partnership established with
the Grand Canyon Unified School District
(GCUSD) to incorporate restoration activi-
ties into the curriculum at different grade
levels. The lower grades collect seeds from
several native species in fall and propagate
these seeds in their classrooms. The
middle school participated in two different
planting days as part of their Earth Day
Project. Teaching restoration skills to a new
generation has been an enriching and
motivating experience for both students and
the revegetation crew while providing an
important labor contributions to the reveg-
etation program.

In 1996-97 this partnership has been
expanded to a “School to Work” habitat
restoration project. This program integrates
academic learning with a community service
project to develop broad workplace compe-
tencies by cultivating “real-world” occupa-
tional skills in students. Grand Canyon High
School students, with guidance for the
revegetation crew and GCUSD teachers,
will develop, plan, organize and implement
a restoration project.




Elementary and middle school students will
compete components of the project under
the supervision of the high school students.

Specific objectives of this program include:
providing hand-on learning experience for
more than 300 students in the GCUSD;
providing a setting for older students to
develop organizational and occupational
skills; providing a coherent sequence of
instruction for students regarding the
importance of native habitat restoration and
the techniques used in rehabilitating areas;
rehabilitating a heavily impacted area; and
serving as an archetype for future partner-
ships with others schools and organiza-
tions.

Salvage

The revegetation program is developing a
process for salvaging and transplanting
large pine trees. The revegetation crew
salvaged more than 300 trees from the
housing development area. Many of these
trees were over 20 feet tall and had a total
a commercial value of over $200,000. The
use of these mature trees greatly enhances
the aesthetic appeal of rehabilitated areas.
Other benefits gained from transplanting
trees include accelerating the process of
plant succession, providing shade for the
understory species, and providing habitat
for various animals. A survival rate of
nearly 90% has been achieved for the
transplanted trees.

Alien Species Eradication

A separate volunteer program, the Grand
Canyon Alien Invaders Program, began in
1994. The Grand Canyon Revegetation
Crew and the Division of Interpretation
cooperatively designed a program which
educated Park visitors about the impor-
tance of native plant restoration and
preservation and provided visitors with the
opportunity to gain hands-on experience
restoring disturbed areas.

Vegetation Management Program

Several thousand nonnative plants were
removed and replaced with native species
through this program. Most notably, two
alien species (Linaria dalmatica and
Cynoglossum officinale) were eradicated
from the Park in 1996.

The focus and goals of the Alien Invaders
Program continues to mature. New, more
effective methods of nonnative species
removal are being developed. We are now
using direct competition in many areas by
interplanting native plant species in addition
to or instead of manual removal. For
example, thousands of plugs of Poa
fendleriana, or mutton grass, (a native
grass component of the understory in rim
plant communities) were collected by
volunteers and transplanted into project
sites. In addition, the revegetation crew
spreads mulch on project sites to aid in
moisture retention and discourage growth
of various nonnative species.

A plan prioritizing the nonnative species for
control is being developed. This plan will
direct the Habitat Restoration Program in
the future. Any eradication projects will be
completed in accordance with a site plan.
All NEPA and NHPA compliance will be
completed in conjunction with the site plan.

Habitat Restoration Flan

To facilitate future project planning, the
revegetation crew is developing a Habitat
Restoration Plan. The plan will detail the
procedures for the documentation of
disturbed sites, assess revegetation and
erosion control needs, prioritize the
projects, outline cultural resource needs
and compliance issues, and detail the
guidelines for revegetation projects which
consider the genetic integrity of plant stock.
The plan also considers the logistical needs
for backcountry plantings.
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Figure 3-11
Species of special concern
within Grand Canyon

(Roarng Springs proly-
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Following this plan, after a site is identified
for revegetation the Park’s landscape
architect will develop pedestrian traffic flow
plans, the nonnative plant species will be
eradicated, native species will be planted,

| the project area will be fenced if necessary

for protection from foot traffic, and monitor-
ing techniques will be designed and imple-
mented to evaluate restoration success.

Resource Damage Protocol

To address other issues involving vegeta-
tion damage, a draft Resource Damage
Protocol was developed. This program
proposes to recover resource damage and
restoration costs, such as those caused by
vehicle and vehicle accidents, from the
responsible party’s insurance company.
These recovered funds will allow establish-
ment of a restoration fund used to support a
variety of revegetation projects.

Proposed Unfunded Program

Vegetation Management

Figure 3-9 shows the NR-MAP allocation of
the FTEs required to fully staff a vegetation
management program which could address
the most compelling issues and mitigate the
greatest threats to Grand Canyon’s vegeta-
tion. It is imperative that staff from all
Divisions work cooperatively to achieve a
successful program of resource inventory,
monitoring, protection, and restoration.

The vegetation program needs to be
expanded to effectively address the many
issues and threats to vegetation resources.
The Interagency Adaptive Management
Monitoring and Research Program associ-
ated with the Grand Canyon Monitoring and
Research Center will mostly likely include a
terrestrial, botanical component. In order to
play a leadership role in the process, and to
provide stewardship of the River corridor
vegetation resource, funding will be neces-
sary for vegetative monitoring and/or
research coordination.

Resource Management Plan zJ oo

The proposed program elements include:

Planning, inventory, comprehensive
monitoring, management, and protection
of native vegetation and ecosystems
throughout the Park

* Applied studies of ecosystem dynamics.
Inventory, monitoring, management, and
protection of the endangered, threatened,
candidate, rare, and sensitive flora
throughout the Park

* Monitoring the effects of prescribed fire
on plant life

* Provide research coordination and/or
monitoring for the Interagency Adaptive
Management Monitoring and Research
Program along the River between Lees
Ferry and Pearce Ferry.

* Promote research on imperiled species
and ecosystems

* Develop a proactive integrated pest
management program

» Expand eradication efforts for alien
species

» Expand efforts to revegetate disturbed
habitats, and provide maintenance or
revegetated areas until they are stabilized

* Expand the GIS, data, and information
management program and capabilities.

Protect Threatened, Endangered, Sensitive
and Rare Plant Species

Due to the wide vegetation diversity at
Grand Canyon, and the unique geologic
features, a relatively large number of rare
plants are known to exist.
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Inventory and Document In addition to
the sentry milk-vetch (Astragalus
cremnophylax var. cremnophylax), which is
the only listed endangered plant in the
Park, seven plant species (Figure 3-11)
from Grand Canyon are identified as
species of special concern (formerly
Category 2 species) by the U.S. Fish and
Wiildlife Service. There are no Category 1
plants at present. Status reports, many of
them done nine to sixteen years ago, were
done for these rare plants. Some work has
been done to update their status, but
additional work is needed. Surveys are only
done when disturbances to possible
habitats are proposed. For example, in
order to provide NEPA compliance for a
proposed prescribed burn area, threatened
and endangered species must be surveyed
first.

This presents a very tedious and time-
consuming task when each prescribed-burn
area must be surveyed separately. Good
baseline data will not only save time and
money in the long run, it will provide a
better basis for understanding the Park’s
vegetation and lead to better management
practices; and a proactive perspective.

Plants found on lands adjacent to the Park,
with possible occurrence within the Park,
have been listed or are candidates for
listing. In addition, there are approximately
105-110 rare plants in and near the Park
which have been assigned special status
by other Federal or State agencies.

Prior to 1994, the sentry milk-vetch was
known from two locations on South Rim,
with a total population size of about 500. In
1994, a third location on the North Rim was
discovered with over 1,000 plants. The
largest South Rim population is protected
by a fence, and has been monitored
annually since 1988. Research on the
plant’s reproductive biology or abiotic
requirements is lacking. Additional
searches may find additional populations
along both rims.

Monitor Establish long-term monitoring
programs for those species most threat-
ened in the Park. Monitoring protocols will
be established for high-priority species.
More funding will be pursued to conduct
site-specific surveys of species threatened
by disturbance in a more efficient manner.
Results from monitoring programs are used
to adjust use levels of areas containing
sensitive species or implement mitigation
strategies needed to preserve these
resources.

Foster Research Solicit research focused
on providing an understanding of reproduc-
tion, germination or environmental require-
ments of endangered species in the Park.
Research on sentry milk-vetch will be
pursued to better understand its reproduc-
tive biology and abiotic requirements.

Develop Management Plan Using an
integrated and interdisciplinary approach, a
comprehensive sensitive plant manage-
ment plan should be developed within the
overall Parkwide vegetation management
plan. The plan should address the status
and related issues for management of
certain species. Mitigation of impacts,
protection concemns, interpretive strategies
as well as propagation and restoration
alternatives can be addressed in such a
plan.

Mitigate Impacts and Protect Actively
promote the protection of sensitive plants in
all Park projects.

interpret and Educate Other Park divi-
sions could aid in interpretation and educa-
tion of rare and sensitive plants.

Restore Should areas where rare plants
have been known to occur be damaged by
management activities, mishap, or through
natural means (fire, flood, etc.), then
restoration of the habitat would be a high
priority.
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Mitigate Alien Plant Impacts

As identified in the Issues section of this
chapter, there are over 116 alien plants
known in Grand Canyon. Their full range
and impact is not known. Although the
South Rim area was inventoried about ten
years ago, no other inventories have been
completed to date. An alien plant eradica-
tion program has been initiated by the
Park's Habitat Restoration Crew; however,
the following actions remain to be achieved
including:

Inventory and Document Gain an
understanding of the extent of alien plants
by conducting an inventory by location and
invasion in acres for each species. A
priority plant listing which can be treated will
help to direct the program. Database for
these inventories should be easily acces-
sible and applicable for management
objectives.

Monitor After alien plants are treated or
removed, it is imperative that follow-up
insures that plants do not re-sprout or
become established from a buried seed
source. In addition, areas which are dis-
turbed by planned or accidental human
activities need to be monitored to insure
that alien plants do not reestablish.

Foster Research The Park is an ideal
setting for research activities on alien plants
given the wide variety of habitats and
elevations. Treatment programs, research
on specific species and/or their interactions
with the native flora, and revegetation
experiments could be done. The Park
should encourage university, college, and
environmental groups to undertake such
research.

Resource Management Plan T T

Develop Management Plan A realistic
vegetation management plan must include
information on alien invasion and naturaliza-
tion. Treatment for newly introduced alien
species should be timely and effective.
Many alien plants which are few in number
and limited in extent can, and are being,
removed. However, several species, such
as tamarisk and red brome, are abundant
and widespread and cannot be realistically
removed, except in isolated habitats.

Interpret and Educate Other Park divi-
sions aid in interpretation and education of
alien plants. This program could be greatly
expanded.

Mitigate Impacts and Restore Expand '
proactive alien plant management by

building a program and staff to eradicate l
noxious species, revegetate disturbed

habitats, and monitor for reinvasion.

Develop Knowledge of Native Flant
Communities

There is a lack of understanding of anthro-
pogenic vs. natural long-term changes in
both relict and altered areas. This informa-
tion would be invaluable to accurately and
comprehensively understand the external
and internal threats that face Grand
Canyon'’s vegetation.

There is a lack of consistent long-term
monitoring protocols designed to better
understand species and ecosystem dynam-
ics. Data and information should be readily
and easily accessible.

The condition and status of many unique
riparian and aquatic areas are unknown.
Water withdrawal outside the Park bound-
aries may have a negative effect on seeps
and springs which feed these riparian
areas. River corridor riparian and aquatic
habitats have been studied through the
GCES program, but these communities are
continuing to change under the current
operating criteria for Glen Canyon Dam.




Vegetation Management Program

Inventory and Document Inventory and
characterize the Park’s vegetation commu-
nities to develop a baseline for making
scientifically sound management decisions.

Monitor Monitor both relict and altered
systems to determine both anthropogenic
and natural changes.

Foster Research Target studies in critical
Park riparian, forest, woodland, meadow,
and grassland communities, where both
internal and external influences may cause
irreversible impacts. Also, target studies in
both relict areas and altered landscapes to
determine long-term and anthropogenic
changes.

Develop Management Plan An under-
standing of the native plant communities
found within the boundaries (and extending
into other areas outside the Park) is
fundamental to management. Increased
funding and staff time devoted to adequate
data collection is necessary. A total of 129
vegetation associations (including series,
associations, and subassociations) within
forest, woodland, grassland, cold and warm
desert scrub, and riparian areas were
identified by a 1982 vegetation inventory.
Preliminary information on only 63 vegeta-
tion mapping units and types were as-
sembled at that time. How these communi-
ties respond in the short- and long-term to
climatic change, natural change (such as
flood, fire, insect invasions, etc.), and
anthropogenic change (disturbance,
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