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High Altitude Revegetation Committee
Background, Philosophy and Activities

One of the many requirements spawned by increased environmental awareness in the
late 1960’s was reclamation of disturbed lands. This requirement accelerated research in
the field of revegetation. Much was known and much was being learned, but knowledge of
high altitude and latitude revegetation was particularly lacking. And, in the early 1970’s, no
organization existed to serve as a clearinghouse to gather and disseminate the body of
existing and developing information.

Jim Brown (Climax Molybdenum Company), and Bill Berg and Robin Cuany (CSU
Agronomy Department) recognized this need and, with the financial backing of the Climax
Molybdenum Company, organized a workshop on the subject. The first High Altitude
Revegetation Workshop was held at CSU in the spring of 1974. Greater than anticipated
attendance at the conference clearly demonstrated the need for continued effort, and the
High Altitude Revegetation Committee was formed.

Philosophy

The HAR Committee is comprised of volunteers from the mining and ski industries,
revegetation/reclamation materials suppliers, consultants, various governmental agencies,
and universities. The objective of the Committee is simply the dissemination of information
relating to high altitude revegetation. In the early, more lucrative years, the HARC received
enough in contributions to support a graduate research assistant. As more austere times
developed, that level of funding disappeared.

The Committee usually meets once each year to select sites to be toured on summer
field trips, and to plan the biannual conference. The Committee has also-advised varous
agencies involved in reclamation. A small portion of the Committee secretary’s salary is
provided for time expended in the mailing of notices and maintaining some semblance of
organization to sponsored activities. All remaining fees are expended directly on the
conferences, publication of the proceedings, and field trips. Funds are held by CSU as an
Agronomy Department account.

The organization is informal. Any interested person is welcome to participate in the
activities. There are no membership drives or annual dues. As such, there is no formal
mechanism for the participants’ needs and desires to be heard. Committee decisions on
topics, speakers, etc., attempt to reflect and anticipate needs and wants, but Committee
members cannot respond directly to participants’ needs unless they are communicated. The
Committee needs and solicits input. Addresses and phone numbers of Committee members
are listed elsewhere in these Proceedings. Please contact any member with suggestions you
might have. By collecting ideas through the months, the Committee can organize an entire
conference in one sitting.
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Activities

Since 1974, the HAR Committee has sponsored biannual conferences and annual

field trips to unique mountainous revegetation project and research sites. All Conferences
have been held at Fort Collins, Colorado, in conjunction with CSU, except the 1980
conference which was held at the Colorado School of Mines in Golden, Colorado. Summer
Field Tours have been conducted at the following sites:

1974
1975

1976
1977

1978
1979

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

1990

1991

Area Toured Sites Toured

Vail/Climax, CO - Vail Ski Area, AMAX Climax Molybdenum Mine

Empire, CO - AMAX Urad Molybdenum Mine, Winter park Ski Area, Rollins Pass
Gas Pipeline

Idaho Springs/Silverthorne, CO - US Highway 40 construction, Keystone Ski Area
Aspen/Redstone, CO - Snowmass Ski Area, CF&I Pitkin Iron Mine, Mid-Continent
Coal Redstone Mine ‘
Estes Park, CO - Rocky Mountain National Park

Silverton/Durango, CO - Purgatory Ski Area, Standard Metals Sunny51de Mine,
Bayfield Range Experiment Program

Vail/Climax, CO - I-70 Vail Pass highway construction revegetation and Ten Mile
Creek channelization, Copper Mountain Ski Area, AMAX Climax Molybdenum Mine
Crested Butte/Gunnison, CO - AMAX Mt. Emmons Molybdenum Project, Western
State College, Homestake Pitch (Uranium) Mine, CF&I Monarch Limestone Quarry
Steamboat Springs, CO - Mt. Werner Ski Area, Howelson HIlI Ski Jump, Colorado
Yampa Energy Coal Mine, P&M Edna Coal Mine

Rifle/Meeker, CO - CSU Intensive Test Plots, C-B Oil Shale Project, Upper
Colorado Environmental Plant Center, Colony Oil Shale Project

Salida, CO & Questa, NM - Domtar Gypsum Coaldale Quarry, ARCO CO2 Gas
Project, Molycorp Molybdenum Mine, Red River Ski Area

Cooke City, MT - USFS Beartooth Plateau Research Sites, Bridger Plant Materials
Center

Leadville, CO - Peru Creek Passive Mine drainage treatment, California Gulch/Yak
Tunnel Superfund Site, Colorado Mountain College

Glenwood Springs/Aspen, CO - I-70 Glenwood Canyon construction, Aspen Ski Area
Teluride/Ouray/Silverton, CO - Ridgeway Reservoir, Telluride Mt. Village Resort,
Idarado Mine, Sunnyside Mine

Lead, SD - Terry Peak Ski Area, the glory hole and processing facilities of
Homestake Mining Co., and Wharf Resources surface gold mines using cyanide heap
leach.

Colorado Springs & Denver Area, CO - Castle Concrete’s limestone quarry, Cooley
Gravel Quarry, Morrison. E-470 bridge and wetland near Cherry Creek. Littleton
gravel pit restoration to parkland _

Central CO - Alice Mine, Urad Tailings, Pennsylvania Mine at Peru Creek. Yule
Marble Quarry near Marble, and Eagle Mine tailings and Superfund clean-up, near
Minturn and Gilman
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PREFACE

The 10th biannual High Altitude Revegetation Workshop was held at the University
Park Holiday Inn, Fort Collins, Colorado March 4-6, 1992. As always, the Workshop was
organized by the High Altitude Revegetation Committee in conjuction with the Colorado
State University Agronomy Department. The Workshop was well attended. In these times
of mining decline, skiing stagnation, and highway construction budgetary constraint, it is
encouraging that so many agencies and companies continue to seek better ways of
revegetating disturbed lands.

Organizing a two day conference is a difficult undertaking made relatively easy by
sharing responsibilities among members of the HAR Committee.

However, as always, the most important contributors to the conference were the
speakers. These Proceedings are their product, and we express our gratitude to them.

The Editors

-iii-
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IMPLICATIONS OF REVEGETATION
IN
PARK MANAGEMENT

Lorraine Mintzmyer

Regional Director, Mid-Atlantic Region
National Park Service
143 S. Third Street
Philadelphia, Pennsylvania 19106

INTRODUCTION

When I was asked to be the keynote speaker for this conference it
delighted me because it came just when I was leaving my beloved Rockies
for the eastern seaboard. For those of you who read the newsclips, the
conditions surrounding that transfer are already quite public, but
needless to say I left these mountains with a great deal of sadness.
In the eleven and a half years as the Regional Director of the Rocky
Mountain Region of the National Park Service, I grew to love and feel
very protective of this fragile, unique area.

Perhaps it is because of that intense interest that I became very much
involved personally in efforts to restore, reclaim and in general,
promote the use of native plants in revegetation efforts in the parks
in the Rocky Mountain Region of the National Park Service. That fact
to my surprise, was observed and acknowledged by two awards in 1990 and
1991--the Award of Merit from the Colorado Chapter of the American
Society of Landscape Architects, and the Federal Highway
Administration's Commitment to Excellence Award. They are both hanging
in prominent locations in my office in Philadelphia.

Now, I think you will understand, that the slides and examples I am
going to show you of such efforts in the National Park Service, are
understandably going to be from this Region. In my new Region my
responsibilities range from sea level to a high of 3,000 feet (not
described very often as "High Altitude"). 1In fact, in the Pinelands of
New Jersey, of which I am currently a Commissioner, they are
contemplating building an observation tower so people can oversee the
whole area. They would build it at the highest point in the area (205
feet above sea level).

My address to you today is not a technical paper on the right or wrong
way to perform high altitude revegetation. You are the experts. I am
issuing a call to arms to Park Management, forest management, and etc.,
to become concerned and involved in this effort.



My experience has been that attention to this issue is good management
and a strong public relations tool upon which to base park
recommendations and decisions.

For instance, at Logan Pass in Glacier National Park, the need to
provide a functioning comfort station became the catalyst for a major
experiment in salvaging subalpine vegetation prior to the reconstruction
of the comfort station and handicapped walkway.

Sod removal began the summer of 1985 and was cut short because of the
lack of a contractor for the reconstruction work. This 1985 sod
overwintered well, so the technique for removal and boxing the sod at
the Pass was set. The remainder of the sod was removed in 1986 and set
in wooden planter boxes at the Pass and on mirafi with log sides at
Oberlin Bend (half mile west of Logan Pass). Initially the vegetation
was dug out by hand and bobcat where feasible. As the result of changes
in construction plans, an increase in the amount of sod to be removed,
and the lack of time allowed before construction began on site, a front
end loader was used to remove the remaining sod.

The 1987 season showed that the sod overwintered well. It was not
necessary to use fertilizer because the sod, with only extra watering,
attained sufficient vitality for replanting. Wooden sod boxes compared
favorably to the roadcloth/log box. To ready the sod for the 1987
replanting, watering of the sod boxes began mid June. Rock landscaping
was recommended before replacing the sod to stabilize the steep slopes
and to aesthetically hide the culverts and the manhole cover.
Transplants of native wildflowers from the back meadows were brought in
and planted amongst the boulders.

The flagpole area was the first to be resodded, followed by the culvert
pipe and the manhole area. An 18" border was left unplanted along the
cement/rock walls and walkway to allow the construction crew room to
work when pouring the cement walkway.

The revegetation project was very successful. But also as important as
learning about revegetation techniques, was managing the funding. It
all came from the construction project account. If your agency is
similar to ours, you can wait forever for revegetation funding through
normal channels. Funding for the revegetation has to start before the
construction of the project begins.

Another real selling point of the on-site salvage and retention, is that
it allowed us to interpret, for the public, what was occurring and
educate them to the fragileness of the subalpine environment and
consequent difficulty in restoring and reclaiming an area once it is
affected by construction or human overuse.

At Glacier, the impending reconstruction of Going-to-the-Sun Highway
necessitated the establishment of a preconstruction nursery to propagate
native species for eventual replanting in the road cuts and disturbed
areas. Here you will see collection of seeds to reproduce those species
in the nursery. During the early years of my career, I was in charge



of the budget for construction for the old Midwest Region of the
National Park Service which then encompassed what is now the Rocky
Mountain Region. As the person controlling the purse strings, I
witnessed time and time again the lack of thinking ahead to provide for
revegetation in advance of the project, and diverting limited funds that
were provided for post construction revegetation to construction of the
roads. Consequently, many of the road environments never were
revegetated even after a 25-30 years. I was determined that we would
not make that same mistake again. In our programming for roads in this
Region, we have ensured that the necessary funds are acquired in the
pre-construction period to gather and propagate native species, and then
the provision of post construction funds for several years after
construction, to provide for the necessary rehabilitation.

Many different types of revegetation are occurring in Rock Mountain
National Park. At Lilly Lake, a former dump was acquired which
required rehabilitation. "Regreen sterile wheatgrass" was seeded for
cover until natural succession begins to occur at this site. Since this
area was acquired to prevent development and restore the natural scene,
it was extremely important to move quickly to revegetate it.

Excelsior netting was used to restore a denuded ski slope at Hidden
Valley. One year later you can see a successful project with vegetation
growing well. However, the grass used on the slope was not the
ecologically appropriate plant for the slope, but the best to stabilize
it. The ski area is currently closed. If it remains so, the slope will
return to its natural condition. This is an example of protecting an
area from recreation activities and stockpiling it until its future is
absolutely determined. It stabilized the slope and deters runoff.

An example of revegetation techniques that can be employed to save money
(or at least stretch it further) is the restoration of a ditch area.
This particular ditch area is two miles into a proposed wilderness area.
No soil existed in the area for back-filling the ditch and would have
had to be hauled from elsewhere by helicopter or pack stock. Using the
small constructed dams cost the park approximately $5,000 versus $50,000
if £il11l material were flown into the meadow by helicopter.

In road construction, at times it is impossible to lay back the shoulder
gently enough to obtain revegetation. This calls for unusual techniques
and solutions. On Trail Ridge Road we used an innovative technique of
reducing the angle of repose on steep slopes. Complicating revegetation
further, is that Trail Ridge Road is on the National Historic Register
and any new walls have to resemble old CCC walls. The park cannot
realistically or economically build retaining walls the way they were
done by the CCC in the 1930's due mainly to prohibitive labor costs.
So here the Maintenance Division came up with a cost effective (prefab-
like) retaining wall that serves its purpose and yet preserves the
integrity of the historic walls along Trail Ridge.

Whenever possible we use alternative methods to herbicides! Tame goats
are being used to control the noxious weed--leafy spurge.



Those of you who have been to Rocky Mountain in the past few years, or
those who go there this week, will see the use of different types of
fences to control visitors in sensitive areas. These areas have, in
many cases, come back on their own. 1Installation of the fences once
again gives us the mechanism to preserve the resource and also educate
the public to the fragileness and lengthy period of time it takes for
areas to recover in alpine areas.

In Yellowstone you will find once again many of the technigques that have
been employed in the aforementioned areas dealing with people impact and
construction. I thought you would be interested in a series of fireline
restoration techniques. This was an example of determining impacts even
in a crisis so that disturbances are minimized. Forest Service crews
and equipment installed these lines with guidance from the National Park
Service. First, 1is a "before" photo of bulldozer 1line before
rehabilitation began. It is curved and topsoil is windrowed to one side
which greatly assisted revegetation work. The "after" photo shows three
growing seasons later when the line is gone. The growth that has taken
place is from the topsoil, nothing added. By conserving the seed
sources and material the gene pools are not altered.

In a different part of the park, again the "before" slide shows
disturbance, though it is carefully designed. Topsoil is windrowed and
carefully removed. The “after" slide shows the same area three seasons
later. The growth is from.the material windrowed to the side. Nothing
was added to the site. Heavy equipment was used to remove and replace
the topsoil from the disturbed areas.

Hand fire-lines were also constructed using the same techniques. Deeper
than bulldozer line and more extensively used, the technique is the
same. The "before" slide shows the line in a disturbed state. The
"after” shows the line three years later. Native plants are now
covering the disturbances. Hand equipment was used to remove and
replace the topsoil.

The lesson for park management is: In the haste of field decisions,
during times of crisis, a little extra thought and care will lessen the
immediate impact and hasten restoration after the crisis is over. It
saves time, money, and is just a stellar example of protection and
preservation of the natural resource under extremely trying
circumstances. ‘

In Grand Teton, the impacts of heavy backcountry use are becoming more
and more of a problem every day. Various projects are ongoing, but I
thought you might be interested in hearing about the Marion Lake area.
Marion Lake is a popular high country lake visited by day hikers from
the tram at Teton Village, by campers using the Teton Crest Trail, and
by horse parties from valley dude ranches. The heavy use and short
growing season have resulted in accumulated impacts. 1In 1980, we tried
the installation of jute matting on several bare areas. In spite of the
"Closed for Regrowth" signs, some visitors used the matting as blankets
for sun bathing. So guess what, ten years later little vegetation was
evident on the jute matted areas.



In 1989 and 1990, a major rehab effort was conducted at the lake by a
Sierra Club work group. About 1100 feet of the Crest Trail was closed.
Social trails were upgraded to be used as the Crest Trail and some new
trails were constructed to connect pieces of trail. Fourteen campsites
were scarified, three campsites had tent pads installed, and a borrow
pit was opened. Over ten tons of soil were transported by mule to the
site. Plugs were transplanted into the closed trail, and a gravity-feed
irrigation system was installed using a gravity sock in a small stream.
A borrow site for the fill was selected in a meadow just over the hill
below the lake. It was a shallow draw carrying only surface water
during heavy storms. Soil was excavated in such a way as to make the
draw a little deeper but the sides were sloped so it would not be
noticeable when revegetated. Impact of the mule trains was a concern so
the work was done in August when the area was dry. One of the packers
helped in avoiding disruption of the vegetation by his observation,
"There are two kinds of plants--grass and weeds.

These are weeds, and you can't hurt weeds!" Sure enough, no mitigation
such as sod saving or reseeding was necessary. The next summer you
couldn't see any evidence of mule traffic. The lesson here is, park
management should never close its ears to suggestions from anybody!

Also in Grand Teton, revegetation techniques and research were used as
a public relations tool to sell to the public the need to relocate a
segment of road. The outside Jenny Lake road had been initially
constructed in an extremely straight tangent across sagebrush flats that
were the home of major elk populations. When the need for
reconstruction of that road occurred, we took the opportunity to examine
the road alignment to determine if we could in some way make it less
like a highway and more of an interpretive experience. We also took
strongly into consideration the need for less interference by the road
and traffic into the life of the elk herd. Successful reestablishment
of sagebrush in the past had been very nominal. Consequently, we Kknew
we had to convince the public that we could rehabilitate and revegetate
the scar from the o0ld alignment if we were to move to a different road
alignment.

Four test plot sites were established along the Homestead Road, with
similar topography and soil characteristics as the area to be
revegetated, so we could translate our experience readily. Topsoil
obtained from exposed lake bottom soils during construction of the
Jackson Lake Dam was placed on the respective subplots to provide a more
favorable plant growth medium. A motor grader was used to spread the
topsoil and perform ripping activities. The ripping was used as a
treatment to reduce compaction. Different methods of revegetation were
experimented within the four plots.

The most successful plot treatment, of course, was selected to
revegetate the road scar. It is a success story. Admittedly part of
the success is related to utilization of extremely productive topsoil
obtained from the lake bottom and good moisture supply at critical
times. But we were able to demonstrate to those who did not want us to
move the road that it could be done successfully.



This opportunity to be involved in the planning and restoration of my
beloved Rockies has been the elixir of the Gods. I have used as my
guide all these years, "The Ranger's Prayer"-

"Teach me O Lord not how to close gates but how to open eyes;

Let me not stand in exalted places gazing down upon my fellow men, but
rather, give me the humility to speak on the level;

If I should lose sight of the arboreal ecosystem because of its
constituent plant species, then Lord, show me the way whereby I may see
the wood as well as the trees;

Though there be mud on my boots, may I still have stars in my eyes, yet
my head not lost in the clouds;

Help me to acknowledge Lord, that awareness of my own ignorance is the
beginning of wisdom, for if I possess knowledge but have not
intelligence; if I have skill but lack understanding; if I represent
Authority and Dominion--but have not charity; if I minister justice but
have not mercy, then surely--I am as nothing."

by Malcolm Payne
Public Relations Officer
Countryside Commission for Scotland



ECOLOGY OF THE GUNNISON VALLEY
Hugo A. Ferchau

Emeritus Professor of Botany, Western State College
Gunnison, CO 81231

ABSTRACT

When entering the Gunnison Valley from Monarch Pass, an individual
passes rapidly through the alpine, subalpine and montane zones into the
cold desert and riparian zones. The valley bottom and slopes are quite
similar to the starkness of Utah and Nevada. Perhaps the most noticeable
differences are the cooler conditions associated with the Gunnison Valley,
and the absence of the Pinyon Pine and Utah Juniper. However, as one
leaves the river bottoms, the cold desert element loses its significance
and more of the montane and subalpine elements are evident. Throughout
the valley, an individual gets the impression of raw beauty and there is
a tendency to develop the feeling of being associated with a pristine and
untouched landscape. However, if a person leaves their vehicle and moves
through the vegetation, it quickly becomes evident that virtually every
hectare has experienced human intervention. The situation becomes
difficult when attempting to provide reclamation which is directed to
reestablishing original vegetation. Because succession is slow, however,
much of the disturbance occurred prior to the turn of the century, there
is limited evidence of how the vegetation was developed and distributed
originally. An additional factor is associated with the evidence of
climate change. The Gununison Valley 1is beautiful, but one should
recognize much of it is associated with management, rather than natural
processes.

INTRODUCTION

When I was called to speak today, I felt honored, and 1 accepted.
With some consultation with my inner self, 1 became a bit alarmed. What
could I possibly discuss which you do not already know, or which you
cannot handily access from the existing literature. Weber (1987) has
provided a current listing of the flora of the Western Slope. . Komarkova,
Alexander and Johnston (1988) have described the Gunnison vegetation.
Numerous theses and graduate manuscripts from Western State College have
contributed bits and pieces to the Gunnison puzzle. Therefore, all I
could provide is an inventory of all we do not know, and once you have
read the literature, you would be aware of that as well. Therefore, upon
considerable reflection, I felt what I could contribute are some of ‘those
reactions a person generates which are not documented, which may be based
more on intuition rather than entirely on fact. This is the kind of
information for which there is minimal data, but you will have a difficult
time disproving me and, perhaps, I can help you enlighten the world by
having you try to disprove me.

Also, another point came to mind. 1In 1955 I had the occasion to be
befriended by Dr. Fred Wolf, a retired mycologist from Duke University.



He had recently written some rather controversial articles and he pointed
out that upon retirement an individual could speak his mind because there
could be no retribution. In March, 1990, I was diagnosed as having
pancreatic cancer with four-six months to live, so I retired in May of
1991. When I was asked to speak today I decided I could unload some
thoughts, none too profound, but for which I can receive no retribution.

In any case, I have devoted thirty years of my life, and the life of
my family and students, to the joys and pleasures of gaining some academic
and practical understanding of how the natural and unnatural biological
systems function in the Gunnison Basin. 1 was paid for some of it and
some of it was done because a student came along and said "Help me!”. In
all cases the results were rewarding. In my reference section I have
cited those student productions because they are a part of me, and much of
my knowledge stems from their labors.

The subject I address is motivated by several forces. First of all,
the Gunnison Basin is the place I love and admire--if a person can love an
inanimate object. Secondly, it is the place to which I have devoted my
life. Thirdly, it is a place of stark, naked beauty, augmented by
panoramas which are scothing, but breathtaking. I will show no pictures
because you must see it to believe it.

I am an ecologist. Ecologists are sometimes confused with
-environmentalists, and it is true they may be one and the same, but often
they are quite different. - An ecologist is a realist and deals with the
cards nature has dealt. An environmentalist is one who lives in fantasy,
attempting to design a world which fulfills his dreams and goals of the
moment .

The environmentalist goes over Monarch Pass from Salida and enters
the Gunnison Valley. Tomichi Creek, trickling to the west, has associated

with it a broad green valley. The first impression is that we must
preserve such a work of nature. He sees the sagebrush and makes a note
that we much change that. We must remove those phreatophytes, those
symbols of mismanagement. Some logging trucks go by and the

environmentalist is filled with disdain because the human has chosen to
interfere with nature and is altering the pure and the pristine. How dare
we remove those aspens to generate financial reward. How dare we cut the
majestic old growth spruce so that we can have some lumber. How dare we
interfere with nature. As he drives into town, a truckload of coal goes
by, heading for Alamosa and the mushroom plant, and he is troubled by the
thoughts of the coal mine operation rearranging the landscape. When he
reaches Blue Mesa Reservoir he is stricken by the sight of the dam, where
the turbines are generating electricity, and where the reservoir has
covered the wildlife winter range for twenty miles and has destroyed some
of the best trout fishing in the world, and, of course, trout fishing is
truly a part of a natural system. The environmentalist looks at the
mountains around him as he drives along and says to himself, "there is
still something left and I will fight to preserve it".

The ecologist , the realist who is riding with the environmentalist,
recognizes that all of what he and his partner have seen this day is a
product of management. There is hardly a square foot of ground which has
not been influenced by the action of a human - the beautiful and the ugly.
Furthermore, the utilization of land is a function of priority. Wood must



come from somewhere, the best management of forest ecosystems employs
cutting and all of what the environmentalist has questioned, he is one of
the recipients. His quality of life would be decidedly less without it.

The ecologist, the realist, must understand the natural systems,
must be able to recognize that if they are going to be managed as they are
being managed, that the management must be done to enhance the system and
not destroy it. Perhaps the ecologist can promote the natural system,
speed it up, but not destroy it. The ecologist must orchestrate and help
the decision makers. Resources are to be conserved and not preserved.

Natural diversity can contribute to economic diversity. There must
also be a place where the ecologist indicates no actions are appropriate.
Perhaps the most obvious 1is the question of trans-mountain water
diversion. The ecologist has noted for years that when a factor is
limiting, the system has achieved its limits. If you supply the limiting
factor, other factors are stressed and the system gets more and more
management dependent. If the Front Range is out of water, I guess it is
time to quit growing, or perhaps a time to start conserving. The solution
is not to resolve today's Front Range stress by creating the Western Slope
stress for tomorrow.

What I intend to do is examine the natural systems of the Gunnison
Valley. I want to indicate to you how natural forces and human impacts
have interacted to provide what you consider beauty, and what you consider
unacceptable. Above all,” I want to emphasize that human activity or
management may contribute positively and it may contribute negatively.
Much of the outcome is in the eyes of the beholder and virtually none of
it has been subjected to any scientific test.

On April 1, 1962 (please note the date), I made my entrance to that
part of the world known as the Gunnison Country. I rode the train from
Pueblo to Salida, through the Arkansas River Canyon. The train stopped
below the bridge near Canon City so the passengers could step out to
observe the magnificence of the canyon. In Salida, Dr. Sidney Hyde
greeted me and we drove across Monarch pass and into a raging blizzard.
That should have provided me with some insight as to what this country is
all about. The blizzard was only a part of it. Only U.S. 50 and Colorado
135 were paved. There was no housing available for our family of four
children. Opportunities for conventional shopping were near nil. The
forests of the Rocky Mountains I had envisioned did not extend to
Gunnison. With a note of despair I called my wife to apologize for what
I had done to her and our family, and promised that after a year of living
in a faculty apartment with two bedrooms, we would seek employment
elsewhere - you see the problem was that I had signed a contract in
January. My first ecology lesson in the Gunnison Basis was in the area of
human ecology.

A bit about the Gunnison Country. Gunnison County has about 10,000
permanent residents, living in a land area of 3238 square miles (three
times the size of the state of Rhode Island; one and one-half times the
size of Delaware). About 70% of the land is in public ownership. Land
development has occurred to accommodate 50,000 people. - The topography
provides altitudinal variation of 4000 feet, in no regular pattern. The
variety of altitude, aspects, atmospheric patterns, soil conditions,
slope, moisture and temperature regimes result in such a variety of niches



that the fauna, flora and vegetation are diverse. The primary limiting
factors are a growing season which can be interrupted with a frost at any
time, and a dry environment which may include temperatures as low as -50°F.
The most effective precipitation is winter snow which provides winter
insulation and a snowpack which provides the downslope with water during
the growing season. The highest monthly precipitation occurs between July
15 and August 15, and is localized and of relatively short duration.
Consequently, the summer precipitation is unpredictable, often
devastating, and for the most part ineffective. Low night temperatures
during the growing season result in 1low night moisture deficits
accompanied by high daytime deficits. Summer day temperatures rarely
exceed 85°F.

The combination of factors elaborated above provide groups of
ecosystems which may be categorized as follows:

1. Valley

a. Riparian

b. Meadow
2. Cold Desert - Sagebrush
3. Woodlands

a. Juniper

b. Oak Woodland
4. Montane

a. Ponderosa Pine

b. Douglas Fir

c. Aspen

d. Lodgepole Pine
5. Subalpine

a. Spruce-Fir

b. Aspen

c. Lodgepole Pine
5. Alpine Tundra

GUNNISON VALLEY ECOLOGY

In considering Gunnison ecology, there are many directions which one
may take. First, there is- the tourist assessment of our landscape as
stark, overwhelming, pure, pristine, and the sense of the typical western
wide open spaces, punctuated by heads of cattle and cowboys. Secondly,
there is the recognition by the ecologist that there is much diversity,
and virtually nothing has been written to provide an adequate appraisal of
the ecological realities. Thirdly, there 1is the dilemma of the
reclamation ecologist and the environmental engineers who are charged with
returning disturbances to some original state. The tourist sees only the
surface, and because our beauty has so much to offer, it successfully
masks the blemishes, the disturbance, the mismanagement. The reclamation
is equally difficult because there is no handle on what constitutes
original. The landscape of the 1800‘s has been altered and not had the
opportunity to reestablish the natural systems, even when impacts have
been removed for a long time. Ecosystem stabilization takes longer than
whatever history exists in our valley.
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The initial thrust I will take is historical. The literature lacks
historical accounts. On the East Coast surveyor reports provide
considerable insights but much of our western land was surveyed after the
impacts were initiated.

The literature lacks the historical accounts of what the Native
American experienced, or how he managed the vegetation and fauna. The
impression held by most people is that whatever the Native American did
was next to godliness. They certainly lacked the technological
advancements of our present time, however, they developed settlements with
their attendant impacts. They moved about, but the impacts they provided
at each site were not what you would like in your neighborhood. They
hunted selectively and took advantage of large populations of game during
the summer season. They utilized fire and there is reason to believe some
of these fires pgot out of control and burned thousands of acres.
Increment borings of scattered samples of forests and borings of wound
tissue of burned trees indicate burns throughout the county 175 to 200
years ago. The introduction of grazing animals resulted in grazing
impacts, which included localized overgrazing. The Ruffner Expedition in
1876 reported thousands of animals being maintained by the Utes along
Tomichi Creek outside of Gunnison. With domesticated livestock we can
assume there was selective hunting of predators such as wolves, coyotes
and mountain lion. The urbanized Indian maintained gardens, although
their gardening practices were radically different from ours. They
ordinarily freely seeded without altering the native vegetation. Today,
I believe we call this inter-seeding. They provided organic fertilizer by
throwing food wastes from the front of their tepees.

The Native American utilized the high country for summer hunting and
camped in the warmer areas of the low country during the winter.
Therefore, the more fragile higher elevations received minimal winter
disturbance. Because of minimal pressure, the large animals had
uncontested winter range and over-wintered at lower elevations. With
increased use of domesticated animals, the higher elevations were
increasingly used by the Indian.

As early as the 1500's the Spaniards included the Gunnison environs
in their exploration. Though the average Gunnisonite is reluctant to
admit it, the Gunnison Valley was once a part of Spain, Mexico and Texas.
During the 1850's assorted expeditions were commissioned to examine
Colorado for a variety of reasons, and the Gunnison Valley was included.
The native ecosystems were not appreciably affected by this activity.
Early trappers provided localized impact. The annihilation of a species
in one location only allowed the survival of overpopulation from another
site.

The homesteader provided the first major alteration of the
landscape. American law dictated that a parcel of land be identified and
impacts were required to be concentrated on that parcel. Remaining public
lands received the collective abuse of whoever got there first in any
given season. Because of the need for water and the need for a flat and
open place to manage livestock, the drainage basins, the bottomlands,
became the sites for localization of housing, outbuildings, pasturage, hay
meadows, family gardens, and whatever else was necessary for survival.
Schoolhouses and churches were established and micro-communities emerged.
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At the end of a day’s wagon ride (nine to ten miles), people anticipated
finding a place to eat, sleep, and to find care for their horses. This
resulted in the establishment of small communities such as Parlin, Jack’s
Cabin, Powderhorn, Iola, etc.

The practice soon developed which concentrated livestock in the
lands associated with the "home place", during the winter to allow care
for the animals during brutal and bitter winter cold. The cowboy did not
need to go far to carry out his early morning tasks. Predators could be
managed, as they aggregated where their potential meals were grazing.
This localization of animals allowed easy access for hay feeding and
permitted the animals to be observed and protected during the vulnerable
period of calving.

In Spring, after concentrated use of the bottomland during the
winter, the cattle moved into less desirable areas where forage was not as
concentrated as in the bottomland pasture, but where there were many
square miles of grazing. The livestock were kept moving by the cowhands
and shepherds from one patch of ungrazed land to another, always with
water availability in mind. There was no organized grazing pattern
because there were no allotments and therefore, when the animals reached
an anticipated destination and the land was already occupied, they were
moved to another location. The grazing areas nearest the homesteads were
most susceptible to impact because they were often grazed in the Spring
before plant species were well established and therefore subject to
eradication. This resulted in an opportunity for the loss of herbaceous
cover and increased erosion of topsoil, which reduced the potential for
future productivity and species diversity.

Meantime, back at the ranch, the rancher needed to make hay to
provide feed for the winter. He needed to get the livestock off the land
as early as possible to obtain maximum herbage development. He needed to
reduce any enclaves of non-productivity, so he irrigated to ensure good
water distribution and to obtain vegetative uniformity, Marshy areas were
unmanageable; dry sagebrush could not be mowed. Therefore, the multi-
channeled, and often non-channeled bottomlands were channelized. The
leveled lands were then scored with irrigation ditches to assure all of
the land being inundated with the water from the spring melt of the high
mountains. The high volume of water often placed the entire pasture under
water. Standing water selected the anaercbic tolerant rushes and sedges,
at the expense of grasses. Two weeks before Cattlemen’s Days, irrigation
ditches were shut off to allow the land to dry out so that the land
surface would allow human and equipment activity. When the pastures were
drained the herbaceous species achieved their maximum growth. After
Cattlemen’s Days (mid-July) haying started, and with limited mechanization
this extended into September. Haying has always been a questionable
venture because it occurs during the season of local showers. After
haying, irrigation systems were once again opened to encourage a flush of
growth. In October, the cattle were herded back to the home place for
over-wintering and calving.

The homestead also provided impacts on forested lands. The need for
fuel for cooking and for heating relatively well ventilated housing for
large families or several families, was fulfilled from nearby forests.
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Lumber to construct and maintain buildings was cut from the nearest
forests and skidded out during the winter.

The homestead was a localization of high impact, with lesser use of
less productive and more fragile public lands. The public lands were
often abused because they were subject to waves of animal use as various
ranchers moved through. Management plans were non-existent. Allotments
were non-existent. However, early ranching was maximized by a period of
high precipitation, high productivity and the opportunity to sell all
livestock produced. This was followed, in the late 1800’s, by a period of
low precipitation, low productivity and poor markets, with resultant
substantial overgrazing.

Concomitant with the development of a grazing industry was the
recognition that the native rock was a source of valuable minerals. This
stimulated the initiation of rail service. However, local travel was
restricted to horse and wagon and this stimulated human habitation in
close proximity to mineral deposits, hardly the kinds of environments
which would encourage present-day planning commissions. Because of poor
site selection, development was tentative, inflicting maximum impact.
Water supplies were polluted and wildlife was exploited. Forests were
decimated for the building of homes and mine development. The mines
generated waste material, which often included toxic substances, in
environments which often could least tolerate the waste. 1In addition,
underground adits and shafts were effective in rearranging water quality,
quantity and directional flow. By-products of human habitation were
deposited wherever space was available. In any case, mining provided
impacts in areas which ordinarily no one would select for living quarters,
resulting in environmental disturbances of long enduring consequence
because the disturbances were not readily healed. By the turn of the
century mineral exploitation of the land decreased, but the scars endured.

Movement of mining and ranching supplies and the need to take cattle
to market, and to take ore to smelters or for utilization, stimulated rail
development. Taking the path of least resistance placed the rail service
in valley bottoms, already the site of maximum impact. Gunnison and
Crested Butte became viable communities by virtue of transportation
logistics. Gunnison was located at the confluence of the Gunnison River
and Tomichi Creek, the hub of the drainage system. Crested Butte provided
the northern extension. In both cases the communities were not well
sited. They were in a position where groundwater could easily be
contaminated. Consider a housing lot had only 25 feet of frontage. The
towns were centers of inversion patterns which provided highly polluted
air from coal and wood stoves, and subjected people to extremely low
temperatures. There are accounts of individuals living in tents with
their bedrolls over the coals from daytime fires.

In 1880 Monarch Pass opened and provided an access which eased
movement into the valley. Previous access was from the San Luis Valley by
rail over Marshall Pass, or by wagon from Saguache and through the
Cochetopa Canyon. Monarch Pass accelerated utilization of the valley.

At the turn of the century ranching was active, mining was waning
and the U.S. Forest Service became an entity. A single ranger was
responsible for the Western Slope. Some of the public lands became
organized and managed, enabling the impacts to be reduced.
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In the early 1900's a college became located in Gunnison. This
provided an opportunity to increase economic diversity in the valley and
to increase economic stability. However, it also encouraged population
increase in a situation where it could only produce negative impact.

In the 1930’s the Taylor Grazing Act helped the establishment of the
Bureau of Land Management. This provided management of public lands which
previously had not come under the control of the U.S. Forest Service.

The rugged beauty of the Gunnison Valley and its accessibility by
rail, made the valley attractive to the rugged individualist who enjoyed
fishing and hunting. Subsequently, fishing pressure has resulted in the
disruption of the aquatic ecosystems to such an extent that sport fishing
can be maintained only by a stocking program. Exotic species essentially
eliminated native species. Fishing, along with big game hunting, provided
considerable economic benefit but also influenced the wildlife species and
habitat by a program which provides long term pressure on the hunted
species.

Back country land utilization by recreationists, including hunting,
fishing, horseback riding, 4-wheelers, backpackers, dogs, hang gliders,
etc., has influenced the enviromment to the extent that virtually no
species is living without direct or indirect interrelationship with the
human. Historically, recreation by the local citizen was a minor event.
After working 80 hours a week, an occasional trip to town, attending
church, visiting with old ‘friends, tippling a few at the bar or going to
a dance, constituted recreation. A few minutes could be slipped in under
the guise of "checking the place" to drop a line into the creek for a
fish. A bit of hunting was permissible. A few people of means came from
the outside to enjoy the rugged beauty and allowed themselves to succumb
to their highly individualistic nature and partake of what our country has
to offer. This has all changed. Use of leisure time is the nemesis of
every employed individual. It has resulted in a recreational industry
which draws untold dollars for many types of vehicles and uses. It has
also developed a local industry in the valley which attracts untold
dollars into the valley economy. Perhaps the most important consideration
is that recreation has become a positive light in the eyes of the
environmentalist. The movement can be opposed to grazing, timber harvest,
watershed development, mining and any other occupational use, but they
appear to be highly supportive of recreation. 1Is it perhaps something
which most environmentalists enjoy doing and therefore being supportive is
in response to their own interest. Or, perhaps, there is the feeling that
this is one manner in which dellars for the local economy can be drawn
from individuals who have the dollars to share in an environmentally
painless manner. This of course means the environmentalist cannot see the
destruction. In my own case, I live on 250 acres. The ranch across the
street is for sale and I dread the thought that it will be sold for
recreational use. I have so much better rapport with the cattle roaming
on the property than the people I envision moving in across the street,
By the same token, please recognize I have been a member of the Board of
Directors of the Colorado Trails Foundation since its beginning.

Without attempting to belabor the subject, let me just give you the
following statistics:
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1. It is estimated that ‘on any given day, 6273 people are
visiting in the Gunnison Valley. This is not quite true - the
number should be greater for the summer months and less for
the winter.

2. It is estimated there are 3362 miles of roads under the
jurisdiction of federal agencies.

3. It is estimated there are over 1300 miles of trails under the
jurisdiction of federal agencies.

4, Nearly 30,000 hunters enter the valley, most over the six week

seasons in October and November.
Because recreationist use is diffuse, there is less evident impact than
what you see at a mining site or at a timber sale.

In the 1940's, mechanization was introduced to the rancher in his
ranching operation and in the functioning of the household. The need to
generate additional cash flow provided additional impacts on the land, as
he attempted to draw more from the land. The 200 head operations which
allowed family subsistence were inadequate to provide a lifestyle in
keeping with the times. This encouraged borrowing and generating
encumbrances from which some ranchers never recovered. It provided
pressures to produce more animals on the same amount of land. Management
programs effected by the U.S. Forest Service and Bureau of Land Management
permitted some animal number increase without negative consequences, but
not sufficiently to meet economic needs. Ranch land is increasingly
subjected to receivership. Because the land is mortgaged on the basis of
recreationdl or development values, it is considered too expensive for
existing ranchers to expand their holdings. Potential ranchers are
discouraged by development prices. As the ranch land undergoes a change
in land use, no one can predict how the removal of irrigation will affect
ecosystem quality. There are good indications the land will not support
the original ecosystems.

Timber harvest has been an ongoing event. Wood was needed for
homestead buildings, for poles and posts, for mine structure, and for
railroad ties. Most of the impacts from cutting trees was associated with
the proximity to the ranch or other human activity. Ultimately, as
federal agencies had the opportunity to address forest management more
seriously, more cutting became necessary. Considerable controversy has
developed regarding any cutting practices. Someone must make a decision
as to what constitutes management. Many environmentalists consider this
to be de facto wilderness, not recognizing this is counter to the
fundamental charge given to the federal agencies by Congress. The
environmentalist must also recognize good management does not mean making
money. Most of our federal lands are not highly productive forest lands.
If they had been, most of the land would have been claimed and patented.
For the sake of good management, it may reach the point where the federal
agencies will need to pay someone to cart away that which is taken out of
the forest. There is no question in my mind that in some cases of even-
aged and over-aged stands, a series of small clearcuts represents the only
manner in which a healthy forest can become established. 1In other cases,
shelterwood cutting needs to be addressed. In some cases fire must be
encouraged. In many cases, most of the trees cut will not be marketable,
and therefore we cannot assume payment for them. My feeling always has

- 15 -



been that the solution for forest management is to take the forester from
behind the desk, where he is required to spend so much of his time, and
have the forester, with a crew, cut the trees, bring them to roadside, and
sell quality timber to the highest bidder. I dislike the idea about non-
professionals being responsible for implementing good management. I say
this with no evil spirit; the professional cutters must make a living and
that is their first priority. The priority of the forester is sound
management. In addition, I would urge blocks of land of all vegetation
types being set aside to be treated as wilderness. However, I mean true
wilderness - mno cutting, no wvehicles, no 1livestock, no trails, no
recreationists. The concept of wilderness on the part of most
environmentalists is too self-serving and results in many vegetation types
repetitively represented on lands ‘“protected." I Dbelieve the
professionals in the federal agencies should set aside their fears of the
environmentalists and do their job. If the environmentalist wishes to
change the charge of the personnel of federal agencies, they should go to
Congress and make the changes and not harass at the local level unless
congressional directives are not being fulfilled. Professional forester-
ecologists of the federal agencies should be interfacing with professional
forester-ecologists who are representative of the environmental groups.
I strongly advocate environmental groups. They have a distinct function
in the system of checks and balances, and that role must be maintained.
They, however, have a greater responsibility to deal with facts rather
than fantasy. Because they have become powerful, some of the fantasy
element is beginning to be incorporated into management as fact.

There has been periodic resurgence of mining. The valley lies in
the Mineral Belt. Unfortunately, minerals can only be extracted where
they are located. There is considerable resistance in the Gunnison Valley
to mining because even under the best of circumstances, it provides some
scarring. The old mining practices were devastating, but fortunately
technology was not available to maximize the devastation. Today, we have
regulatory agencies, the environmentalists, the ecologists, the engineers
to "do it right." However, to many people, doing it right is not enough -

it shouldn’'t be done at all. Many are legitimately concerned about the
boom-bust cycling. I am supportive of a sustained mining industry in the
valley. 1 believe the county government and the federal agencies should
set aside a certain amount of resources (water, dollars, etc.) to maintain
a particular sized mining force. When that operation is terminated, the
next mining activity which is most environmentally sound would be the
recipient of those resources. Other operations would not be precluded,
but they would receive no inducements and would be taxed differently.
Minerals and mineral need will exist forever. Forever is a long time and
therefore there is no need to hurry. 1 do not wish to associate with the
elitist who is a high consumer but only wants to mess up someone else’s
yard. I might add, that same elitist will buy his goods at the lowest
price possible, which means the materials for those goods will originate
where environmental laws do not exist or are not enforced, and where
individuals who produce the material are underpaid and underfed. I
believe a solution to the problem is, as a nation, ‘not allowing any
materials to enter our economy which have not been produced with the same
environmental standards we employ. This means, of course, that the
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environmentalist and everyone else will be paying top dollar. 1 guess we
need to put our money where our mouth is.

Our most recent large mining efforts have been associated with the
Homestake Mining Company open pit near Marshall Pass and the anticipated
molybdenum development at Mount Emmons near Crested Butte. There has been
a small operational coal mine up Ohio Creek, which sells most of its
production to a mushroom growing establishment in Alamosa. There is coal
mining associated with Somerset, which is not in the upper valley. 1In
Powderhorn there is a potential 100 year titanium-rare earth operation
which is slowly evolving. Near Lake City there is a potential aluminum
(alunite) deposit. Overall, there is no longer the mining fervor such as
what was noted in the 1950's when every able bodied person who could
afford a bulldozer went across the landscape gouging it, not replacing the
divots and leaving it as a part of our heritage. Gold mining has
attracted some, but it has been as elusive as ever.

I have left the most potential devastating impact to the end. The
valleys in the mountains are being addressed and attacked by groups and
individuals who wish to profit by removing water from ecosystems which
already are maintained with a limited water supply and transport the water
to the metropolitan areas of the state. They speak of taking only
excesses and not altering the existing ecosystem. We have no excesses and
our ecosystems will be altered. Our existing ecosystems are the product
of the hydrological patterns which are in existence today. Changing those
patterns will change the ecosystems. This is the time the
environmentalists and the ecologists need to double team the individuals
in the metropolitan area who feel they have the right to obtain whatever
they wish with the use of a dollar. 1 say this when my personal political
conviction is associated with conservative republicans. I wish to
reiterate what I stated earlier - when a factor becomes limiting in an
ecosystem, that ecosystem has reached its limits. If water is limiting on
the Front Range, it has reached its limits. The Front Range should not
expect our mountain valleys to sell their ecological soul so that the
Front Range can destroy itself. My recommendation to the Front Range is
conserve and recycle.

Originally I mentioned I was going to talk about the ecology of the
Gunnison Valley. I have emphasized Human Ecology. Let me summarize
natural ecosystem ecology, as a byproduct of human impact, in an
environment which is so pure and pristine.

Valley Ecosystems
a. Channelization of what were originally meandering marsh-like

expanses with ribs of sagebrush interdigitating with wetlands.
Channelization permitted management and control.

b. Leveling topography to destroy sagebrush, enhance pasturage
and increase harvestable meadows.

c. Removal of shrubs to increase hay production.

d. Development of elaborate irrigation systems to regulate water
distribution.

e. Utilizing flood irrigation which modified species composition.
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f. Raising the water table by extending the spring floods
normally associated with snowmelt and reintroducing water
after haying.

8. Establishment of a thick sod in response to flood irrigation.
h Limited nutrient recycling in association with sod development
and leaching. .

i. Wildlife species have forage removed from winter range.

j. Streambank vegetation impacted by cows and fishermen.

k. Introduction of species to enhance hay production and
wildlife.

1. Native flora and fauna impacted.

j. Humans have decided to utilize the environment for the

construction of cities, towns, recreational cabins and homes.

k. As rancher survival is decreased, water rights will be sold to
Front Range interests which will leave the previously
saturated soils to assume the appearance and function of a
shopping center parking lot.

Cold Desert - Sagebrush

The ugly beautiful sagebrush is the trademark of the Great Basin
West. It provides a set of ecosystems which are apparently unyielding,
obnoxious, overwhelming, subject to justifiable extinction (by some), but
so tenacious it cannot be accomplished. It is the botanical equivalent to
the coyote. The romantic sees the sage in a different light - the cowboy
strumming a guitar in a full moon in the company of a sweet damsel. We
also must recognize we could not enjoy the beautiful panoramas if the sage
were trees. And there 1is the beautiful aroma after a rainstorm.
Ecologically, we should be thankful for the sagebrush because there are
not many organisms which can occupy the same niche. Consider then that
the sagebrush is the one element that stands between us and a moonscape.
The impacts we effected have resulted in:
a. Contouring to allow irrigation and increase in hay meadow.
b. Exposure to grazing before range readiness, selectively
eliminating many grass species and contributing to the erosion
of surface soil.

c. Application of 2,4-D to increase cattle and elk habitat.

d. Turn of the century overgrazing which resulted in habitat
alteration (degradation).

e. Destruction of sagebrush because of its being a phreatophyte,
and therefore a threat to ground water supplies.

£. Sites for unreclaimed mining exploration.

g Site for increasing wildlife pressure.

h. Increased recreational use by numerous interest groups. There
is very little respect for sagebrush habitat.

i. Virtually all sagebrush has been impacted. The U.S. Forest

Service could not direct me to a single site when I was
seeking an un-impacted research site in 1964,

Woodlands
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The woodlands are not well developed in the Gunnison Valley. Scrub
Oak is found at the western end of Blue Mesa Reservoir and west of Kebler
Pass. It is not a major player in the ecosystem concerns of the valley.
It is utilized primarily for wildlife habitat and for livestock grazing.

The Juniperus spp. in the upper Gunnison Valley lacks its normal
partner, Pinyon Pine. The cedar occupies a rather nondescript niche which
is evident in some valleys and virtually non-distinct in others. Because
of its desirability for fence poles and because so many of the old fences
still include cedar posts, there is a possibility it received unusual
selection pressure.

Montane
Ponderosa Pine;

The Ponderosa Pine has an unfortunate ecological position. It grows
in open stands with good livestock forage between the trees. The wood is
excellent for lumber and the trees are large. It is the first tree
species one encounters as one travels out of the sagebrush. It reproduces
only sporadically (once every 20 years on the Kaibab Plateau of Arizona,
even though it produces cones and viable seeds every year). There is also
some indication the reproduction is limited because of climatic shift.
Regardless:

1. Cattle grazing has resulted in pressure on the grass'
production.

2. Porcupines devoid of natural enemies selectively utilize
Ponderosa Pine and can destroy a tree.

3. Lumbering has removed entire stands and particularly the

isolated outliers. There is considerable evidence of stumpage
still visible.

Douglas Fir;

The Douglas Fir ecosystem potential represents the majority of the
valley. Trees grow close together and therefore easily carry a fire. Tt
represents a commonly used household fuel. It dries out quickly in the
Spring and does mnot receive substantial snowfall until October.
Therefore, it has been most regularly burned and is best represented today
by aspen and lodgepole pine ecosystems. The closeness of Douglas Fir
trees results in physiological stress with reduced vigor and increased
susceptibility to budworm. Fire is often the end result. Douglas Fir
would profit from management which would space trees to about eight foot
distances. This would allow maximum vigor.

Subalpine
Spruce-Fir;
Picea engelmannii and Abies lasiocarpa are the primary components of

ecosystems which are the mainstays of watershed management. The snowmelt
occurs late here and the first snows appear here. There is resistance to

- 19 -



fire because of the extended moisture availability. The fir has limited
timber value because the majority of the trees have heart rot. The
forests are not easily traversed because of the considerable downed
timber, which decompose slowly. Open stands may have grazing potential.
The spruce-fir has been the location of some of the mining operations.
There is considerable timber available, but it is questionable as to
whether it can be economically harvested.

Lodgepole Pine;

This species is the dominant of ecosystems which are successional
and the epitome of natural desolation. Lodgepole Pine is highly
responsive to fires. High temperature opens the cones and allows the seed
to spill out. Many thousands of seeds provide many thousands of seedlings
which develop into many thousands of saplings. The horsehair or doghair
stands result in many emaciated individuals which easily burn if a fire is
available. Therefore, Lodgepole Pine can sustain itself for a long time.
The straight and slender lines of a Lodgepole Pine make it desirable for
poles, for construction, and for firewood. It provides excellent shelter
for a variety of animals, but has limited utility for a food supply
because of an almost total absence of an understory or underground cover,
Lodgepole Pine stand always look impacted.

Aspen;

Despite the reports by some ecologists that aspen may be
successional or climax, I personally have not seen a single stand which is
anything but successional. Aspen is the occupant of moist sites which
have been subject to disturbance such as fire, cutting, etc. There are a
variety of Aspen ecosystems ranging from a Thurber Fescue understory to a
Bracken Fern understory. During the summer, many ecosystem types are
prone to fire whereas others, which are the moistest, seldom are
combustible. The Aspen, along with the dry site Lodgepole Pine, will
ultimately yield to Douglas Fir or to Spruce-Fir. The longevity of Aspen
may be considerable, as a stand. The success of Douglas Fir or Spruce-Fir
in replacing the Aspen appears to be associated with root system
development. If you observe Aspen which has root systems which extend the
full depth of the soil profile, the stand is in the process of being
replaced. If the root system is shallow, the stand may appear to be
climax. There is the impression the stand is choking itself out. In
addition, the conifer seedlings which begin to appear have a bacterium on
the roots which are pathogenic to aspen.

There 1s a great deal of controversy about Aspen cutting.
Ultimately, if Aspen is to survive it must be subjected to disturbance.
Periodic cutting, burning, or being sprayed with 2,4-D will help maintain
the Aspen stands as a scenic component of our aesthetic demands, as well
as a prime habitat for many of our animal species.

Alpine Tundra

- 20 -



The tundra ecosystems are scattered throughout the county as a part
of the mosaic. The most accessible locations are at Cottonwood Pass and
Cumberland Pass where you are permitted to drive to a parking lot,
complete with a potty house, step out of your car and be in tundra. It is
distributed from peak to peak where speciation has been allowed to take
place over thousands of years. There are a variety of tundra ecosystems.
Some are so dry that when you walk through them, there is a distinct
crunchiness associated with them - others are quite moist. Miners have
left their mark on the tundra. Sheep and shepherds utilized much of the
tundra environment in the past; it is limited today. Tourists usually
walk only a short distance from their cars. The air is thin, the hike
physiologically demanding, the scenery is awesome, and quite often the
unaccustomed feel downright intimidated. Persistent use of the tundra can
cause long lasting impacts, but generally the overall seasonal and
physical inaccessibility and its climatic mood swings tends to discourage
overuse.

CONCLUSIONS

The Gunnison Valley is typical of the high altitude environments of
the Central Rockies. The topography provides the basis for aesthetic
appeal. Observers should recognize the country is wvulnerable and what
they see is a function of human management. Ranching can persist with the
results being self-evident. Greatest threats are associated with water
diversion and secondarily with human habitation, particularly developments
which can remove the wildlife winter range. Less attention should be
given to competitive use of summer range. Thirdly, recreational use of
lands should be reassessed with some levels of reality. Timber cutting,
if managed properly, can be a positive element but the federal agencies
need to be more directly involved, rather than by proxy. Mining can be
maintained without being an overwhelming element.

The entire set of systems have a variety of elements which must be
orchestrated by an interested and aware conductor. We could lose it all;
we can maintain a treasure.
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ABSTRACT

Recent software developments as well as the reduction in price and increased power
of computer hardware have led to advanced capabilities for processing geographic
information. Sophisticated tools for collecting, managing, displaying, and analyzing
environmental data are available to a larger number of scientists and decision-makers than
ever before. The greatest challenge in solving current environmental problems is educating
scientists and decision-makers to make efficient and cost-effective use of the new tools that
are now available. This paper describes potential uses of the software tools provided by a
Geographic Information System (GIS) for environmental mapping and data analysis.

Many environmental issues, including site characterization, impact assessment, and
site restoration; modelling of surface and subsurface hydrology; analysis of soil and
vegetation interactions; mapping and modelling of atmospheric events, fires, and other

natural disasters or emergencies, and animal or population distributions can be effectively
addressed using GIS methods.

A general description of systems which provide GIS capabilities including a brief
description of data structures is provided, followed by an overview of environmental
applications of GIS. Several examples demonstrating digital mapping and analysis of
environmental problems using a GIS are presented to illustrate the expanding use of this
technology in environmental and natural resource assessments.

INTRODUCTION

The use of Geographic Information Systems (GIS) has dramatically increased
during the past 10 to 15 years from near obscurity to become relatively commonplace in
many businesses, government offices, and universities. A wide variety of agencies,
companies, and individuals use GIS for many diverse applications and consequently a wide
range of systems and techniques have evolved to support these activities. This paper will
focus on environmental applications and systems which provide GIS capabilities to address

the needs of scientists and decision-makers involved in environmental and natural resource-
related industries.

What 1s a GIS?

Many different techniques and systems have evolved to address a range of
requirements for processing geographic information. This has led to a proliferation of
software packages for mapping applications and confusion over an "official" definition of
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a Geographic Information System. One definition of a GIS which is comprehensive and
widely accepted is stated as follows:

An organized collection of computer hardware, software, geographic data, and
personnel designed to efficiently capture, store, update, manipulate, analyze, and
display all forms of geographically referenced information. (ESRI, 1990)

This definition, although accurate, is somewhat difficult to grasp for those who are
new to GIS and may be unfamiliar with the concepts of digital processing of spatial
information. In the preface to their text, i 1 - A

Introduction, Star and Estes state:

... the essence of a geographic information system is its integration of the many
different kinds of information we may be able to obtain about the spatial objects in
an area. In other words, a user of a GIS should be able to work with many
different types of data, bringing all the information relevant to a problem together in
a consistent form, and should be able to bring to bear on the problem all the power
of all the sophisticated analysis tools available. (Star and Estes, 1991)

This is perhaps not so much a definition of what a GIS is, but rather why a GIS is
useful for a variety of applications in many different disciplines, particularly those dealing
with environmental processes. ' '

Current Systems for Processing Geographic Information

With the advent of lower-priced, higher performance computer hardware many data
processing tools which were once only available to a few select individuals or researchers
are now becoming commercially available and increasingly affordable. The general trend in
the computer industry has been to migrate from large, centralized mainframe systems to a
desktop environment utilizing networked, high-speed workstations with a multi-tasking
(windowing), graphical user interface. Commercial software systems which incorporate a
user-friendly interface and conform to recent data processing standards such as the Unix
operating system and the X-Windows display environment are currently the industry
leaders in the medium to high-end GIS market. PC-based systems running under the DOS
operating system (and most recently, using MS-Windows) compete strongly for low-end
market share due to the low cost, ease of use, and extremely high availability of PC clones.

A wide range of software packages, both commercial and public domain offerings,
exist which may be considered a GIS. Often however, software which provides automated
mapping or drafting capabilities, some with links to non-graphic tabular data, may be
incorrectly classified as a GIS. Desktop mapping systems and Computer Aided Drafting
(CAD) systems have existed for many years and are widely used, especially in the fields of
civil and mechanical engineering, architectural design, and medicine. The primary
distinction between these types of systems and Geographic Information Systems is the
ability of a GIS to: 1) integrate data from a variety of source scales and formats into a
common, geographically-referenced coordinate system, 2) maintain connections between
spatial objects and tabular attributes and 3) provide analysis tools to manipulate those data.

Table 1 provides an overview of the functional capabilities provided by a high-end GIS
software package. '
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Table 1. Overview of ARC/INFO® Functionality

The following is a general categorization of the core functionality provided by the
workstation version of ARC/INFO® and extended functions provided by the TIN,
Network, GRID, and COGO modules which are fully integrated with workstation
ARC/INFO®.

A.DATA MODEL
1. Arc-node topology.
2. Geo-relational (supports full RDBMS integration).
3. Double-precision storage available.
3. Image and other raster data formats supported.
4. CAD drawing support.

B. DATA CONVERSION (Import/Export)
1. DIME/Tiger (U.S. Census Bureau)
2. DLG/DEM (U.S. Geological Survey)
3. DXF (CAD Drawing Exchange Format)
4. IGES
5. MOSS
6. GRASS
7. ERDAS
8. Ascii (x,y,z and other tabular data)
9. others

C. CUSTOM PROGRAMMING [Arc Macro Language]
1. Full menu interface capability.
2. GUI (Graphical User Interface) widgets, etc.
3. High level programming langnage (AML) included in core product.

D. EDITING, DATA MANAGEMENT
1. Map Librarian
2. Sophisticated annotation
3. Map Projections (over 50 supported)
4. Symbol editing
5. Database cursors (one-to-many related records)
6. Coordinate Geometry (COGO) *

E. DISPLAY, QUERY, AND HARDCOPY OUTPUT
1. X-Windows-based user interface (Open-Look, Motif)
2. Atribute or spatial feature selection.
3. Typeset Quality fonts.
4. Graphs (x,y, scatter plots, bar charts)
5. Hardcopy device independence.
6. EPS (Postscript), other industry-standard formats
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Table 1. Overview of ARC/INFO® Functionality (continued)

F. TABULAR DATA MANAGEMENT
1. Internal database management (INFO)
2. Report writing functions included.
3. Transaction management support.
4. External industry-standard RDBMS support.

G. SPATIAL ANALYSIS

1. Polygon Overlay
a. Union
b. Intersect
c. Clip
d. Erase

2. Attribute & spatial reselection
a. Dissolve
b. Reselect
¢. Erase/Eliminate

3. Statistics

4. Proximity/Distance
a. Buffer zone generation
b. Near
c. Point distance

H. RASTER GIS, MODELLING* [GRID]
1. Cost surfaces
2. Zonal & neighborhood analysis
3. Map algebra (combinatorial, trigonometric, etc.)
4. Geostatistics (kriging, inverse distance weighting)
5. Watershed/drainage modelling
6. Interpolation & resampling
7. Analytical hill shading

I. SURFACE DISPLAY & ANALYSIS* [TIN]
1. Contouring
2. 3-D viewing and draping (including images)
3. Visibility and viewshed analysis
4. Stacked profile generation
5. Cut & Fill, Volume calculations

J. LINEAR MODELLING/GEOCODING [NETWORK]
1. Dynamic segmentation
2. Address matching *
3. Network Routing *
4. Resource Allocation *

* Available thru optional extension modules TIN, Network, GRID, or COGO
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Data Models for Environmental Applications

A data model is an abstraction of reality used to represent objects. A map is a type
of data model used to represent spatial objects on the Earth's surface such as roads,
streams, or political boundaries. Within the context of a GIS, various types of data models
are used to store, manipulate, derive, and display information about the spatial objects
being analyzed.

The sources used to construct the data model may come in a variety of formats,
scales, and projections. Disparate data types such as maps, photographs, and text can be
cumbersome and costly to integrate using manual methods. A GIS provides the framework
for assimilating spatial data from multiple sources into co-registered data planes or layers.

Data Structures

Storage and processing of environmental data in a GIS is directly dependent on the
data structures used to represent spatial objects (i.e. the data model). Early systems which
were developed for geographic analysis of natural resources were based on digital
processing of remotely sensed imagery such as aircraft and satellite scanner data. Those
systems were based on a raster, or grid-cell data structure (Figure 1) where each raster

cell (pixel) is assigned a digital number representing the spectral reflectance of a rectangular
patch of the Earth's surface.

Y AXIS _ .
- Colurin Each cell:
is: n square
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1 ;L ?L % Row
< : p XAXIS
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Figure 1. Raster or grid-cell data structure
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This raster data structure became the foundation for early GIS packages since the
value of a pixel could be used in a layered fashion (Figure 2) to represent some other
characteristic of the same patch of ground (e.g. elevation, % vegetation cover, population
density, or an encoded land use value).

Figure 2. Raster GIS data

structure
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Later research in geographic data processing led to the recognition that vector data
structures may be more appropriate or more accurate for describing and displaying various
types of spatial objects. Specifically, point, line, and area features described by polygonal
outlines (Figure 3) can be more effectively portrayed using X,Y coordinate pairs. Vector
data structures also support topological encoding of spatial objects more efficiently than
other data structures. Topological encoding means that relationships between objects such
as connectivity, contiguity, adjacency, and proximity can be defined and manipulated
mathematically.

Vector Grid

: B

¢ points

lines

polygons

Figure 3. Vector vs. grid-cell encoding of spatial data.
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Another general category of data structures which may be used to define spatial
objects are termed tessellations of a plane. A raster grid is a regularly spaced, rectangular
tessellation. Quadtrees are a hierarchical, irregularly spaced variation of a raster data
structure. Triangulated Irregular Networks (TINs) are a triangular tessellation (Figure 4)
which can be encoded as vectors (defining the sides of triangles) providing the ability to
support topological encoding. TINs and other tessellations of a plane are most commonly
used and are most effective at representing continuous surfaces such as topography or
groundwater tables.

-
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Figure 4. TIN representation of a continuous surface.
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Sources of Data for Geographical Analysis

Many sources of spatial data are available, or can be obtained in a format suitable
for automated processing using a GIS. Some of the most common sources include data
which can be digitized either by manually tracing lines or by scanning off of stable base
(e.g. mylar or paper) map sheets. A great deal of data in the U.S. is available in digital
form through various federal agencies who have invested the time and resources to convert
mapped information to computer media for automated use. Examples of digital geographic
datasets provided at a nominal cost by the U.S. Geological Survey include Digital Line
Graph (DLG) data which include roads, streams, political and administrative boundaries,

and other cultural features, and Digital Elevation Model (DEM) data for most of the
conterminous United States.

Other sources of natural resource information include areas delineated off of satellite
images or air photos, either by manual methods or via digital image processing systems.
Computer Aided Drafting (CAD) systems may also provide digital data such as building
footprints, engineering designs, or locations of utilities such as sewers or electrical
transmission lines which can then be converted for use by a GIS.

Errors in Environmental Databases

Two primary sources of' error, inherent and operational, contribute to inaccuracies
in products generated by a GIS. Inherent errors result from inaccurate mapping or poor
delineation of features such as incorrect identification of land cover classes from satellite
imagery, or outdated or improperly surveyed boundary information. When mulitipie data
Jayers are combined using analysis tools provided by a GIS, operational errors may be
introduced. For example, overlaying a poorly mapped vegetation strata with inaccurate
political boundaries may result in a new data layer which incorrectly shows vegetation
cover in areas where none in fact exists. It has been shown that combined inherent and
operational error levels can be as high as 70 - 80% (Walsh, et al, 1987).

Recognition of the potential sources of such errors can help to minimize the total
error present in a database. GIS users must be aware of and become knowledgeable about
the limitations of the datasets they employ to soive a problem and should strive to utilize
appropriate data for a specific application. This issue becomes especially critical when legal

matters such as environmental cleanup criteria are based on decisions derived from GIS
databases.

FUNCTIONAL USES OF A GIS

A GIS is useful for environmental mapping and data analysis because it:
1) provides a convenient mechanism for integrating spatial and tabular data; 2) provides
tools to efficiently manage and update spatial information; 3) supplies capabilities to display
those integrated data layers and produce high-quality cartographic output products; and 4)
includes a unique suite of tools for the analysis of spatially oriented data.

For example, at a hazardous waste site large amounts of data are collected and
scrutinized to determine the nature and extent of contamination and to identify and evaluate
different remediation alternatives. Much of the data including laboratory analyses of soil
and water samples, historical records, and other parameters describing the site are stored in
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tabular form as spreadsheet or database files, reports, or even as handwritten notes.
Understanding the spatial patterns and areal distribution of toxic wastes, as well as the
environmental properties affecting their fate and transport are critical factors in the decision-
making process. Sophisticated methods are often necessary to correlate spatial patterns and
locations of contaminated materials with the laboratory samples and other descriptive
(tabular) data about the site. A GIS can greatly assist in many aspects of hazardous waste
site data management, mapping, and analysis by offering the tools needed to assimilate the
required information (Estes, et al, 1987).

The 4 Ms

Functional uses of a GIS for environmental applications can be broadly divided into
four categories: Measurement, Mapping, Monitoring, and Modelling.

Measurement

Capabilities for measuring environmental parameters may include such tasks as
capturing survey information and converting locations to a real-world coordinate system
such as State Plane or UTM, calculating linear distances or areas, and determining slope
and aspect from digital elevation models. However, the real value of a GIS lies in the
ability to analyze multiple dimensions of data. In fact, according to one author:

It is customary to visualize a GIS as analyzing a series of data planes, with the
capabiiity of analyzing data in a single plane and also showing the relations among
selected sets of those data planes. Data in a single plane may be raw data or the

results of previous processing, or they could have been created by the GIS.
(Robinove, 1986).

The concept of measurement using a GIS is extended by the implementation of
topologic data structures. Most spatial operators are based on the fundamental properties of
distance, direction, and connectiveness. Boolean logic (set theory) can be combined with
those properties to derive additional operators including adjacency, proximity,
superposition, and containment.

Operators based on the principles of descriptive statistics can also be applied to the
measurement of spatial objects. Finding the mean of a sample population provides a
quantitative description of central tendency, while the standard deviation gives a measure of

.dispersion. These simple statistical concepts are often overlooked when attempting to
analyze spatial information, yet they provide a basis for future analytical decisions.

Mapping

Both qualitative and quantitative information can be stored and mapped using a
GIS. For example, areas representing mapped soil units may include a description of the
texture and formation name, and may also contain permeability measurements. Any one
of, or a combination of those descriptive features can be used to generate a soils map. Soil
units can be shaded with varying shading patterns based on the permeability value where a
darker shading represents lesser permeability. The shading color might be used to
symbolize the texture classification, and a text label with the formation name can be drawn
inside the area representing the soil type.
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Mapping capabilities can also be used to refine or revise data collection and analysis
efforts. At a hazardous waste site, Surface Management Units (SMUs) may be delineated
by mapping sample locations where certain contaminants exhibit high concentrations, and
by comparing those areas with historical information such as aerial photographs. New
information such as additional historical records or new sampling may indicate that the
boundaries of some SMUs need to be modified, or that previous sampling was inadequate
for the area in question.

Other types of GIS mapping capabilities include those which can be categorized as
simulation or visualization of environmental phenomena. A common example is the ability
of some systems to produce three-dimensional perspective views of topographic surfaces.
Extremely realistic portrayals of a study area can be achieved by draping a satellite image or
scanned aerial photograph over the 3-D surface to simulate a viewer's perspective from any
observation point. Other vector layers covering the same area such as roads or streams can
also be draped over the surface.

Monitoring

Remotely sensed data including satellite imagery or aerial photography is also
useful for monitoring changes in the landscape. Multi-temporal imagery can be imported
into a GIS as separate layers representing "snapshots"” of an area at several dates. Using
the tools available in a GIS, changes which occur over time, such as the acreage of land
converted from agricultural to urban use, can be easily computed and displayed or
combined with other layers in the GIS for further analysis.

Other types of monitoring can be improved by applying GIS techniques. For
example, soil penetrometers are often used to obtain readings of specific soil properties
including contaminant levels at a hazardous waste site. By comparing changes in
contaminant levels over time with other data layers in the GIS such as groundwater levels
or vegetative cover, inferences can be made concerning the processes affecting contaminant
migration.

Modelling

There are two primary ways in which a GIS can be used to assist in environmental
modelling. The first method involves using the analysis functions provided by some GIS
software packages to perform the modelling operations. An example of a GIS-based model
might involve finding a suitable location for a landfill. In this instance, inputs to the model,
as well as the actual computations required to implement the model, and the display of
model results can all be performed using the capabilities provided by the GIS software.

The second method requires an interface between the GIS and an external model
such as a finite difference groundwater flow model or an air dispersion model. The
benefits of using a GIS in conjunction with an external model include the ability to
effectively calculate and manage model inputs, and then display the model results in
combination with other GIS data layers for an effective presentation. The GIS can also be
used to perform additional analyses using the results from the model. For example, the
plume generated from an air dispersion model could be combined with census data to
determine the population that could potentially be affected by emissions from an
incinerator.
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EXAMPLE USES OF GIS FOR ENVIRONMENTAL APPLICATIONS
Atmospheric

A recent demonstration of GIS applications that was developed for use by members
of the U.S. Antarctica Program included mapping and monitoring of the atmospheric ozone
layer. A satellite-based sensor, the Total Ozone Mapping Spectrometer (TOMS), collects
daily measurements of the atmospheric ozone layer by determining the amount of scattering
of ultraviolet light through the Earth's atmosphere. Those measurements are stored as
grids, where each grid cell represents a measurement of the ozone layer at a specific
location above the Earth's surface.

A series of grids corresponding to monthly measurements of the ozone layer for the
area surrounding the South Pole were converted for use in the GIS. By overlaying the
outline of the Antarctic land mass on top of a series of color-coded displays of monthly
ozone measurements it is clearly apparent where and when the variations or "hole" in the
ozone layer occur. By combining this information with atmospheric circulation models and
other data which provide clues to the depletion of the ozone layer, scientists can begin to
understand and predict the processes which affect ozone levels in the atmosphere.

Hydrologic/Water Quality

A GIS was used by the U.S. Environmental Protection Agency and Arizcna
Department of Environmental Quality to support water quality modelling for the Arizona
Rangeland Water Quality Project (Donovan, 1991). In this study capabilities of the GIS
software were utilized to develop many of the input parameters to the Agricultural Non-
Point Source Pollution (AGNPS) model, which was developed by the U.S. Department of
Agriculture to simulate sediment and nutrient transport. Digital hydrography, elevation,
soils, and landcover data were processed with the GIS to calculate model parameters such
as per cent slope, slope length, channel slope, roughness coefficients, soil erodibility
factors, soil texture, SCS curve numbers, and several others.

Errors discovered during model runs were corrected in the GIS database and re-
loaded into the model. In addition, scenarios based on potential changes in snowpack or
vegetative cover were easily simulated by modifying the data stored in the GIS and re-
running the model.

Fire Prediction

The U.S. Forest Service, Bureau of Land Management, Bureau of Indian Affairs,
and others are concerned with fire management on public lands. Many of these agencies
already use a GIS for land management operations and are interested in applying more
sophisiticated methods for fire fighting and prediction of wildland fire behavior. The
BLM's Automatic Lightning Detection System (ALDS), maintained at the Boise
Interagency Fire Center in Boise, Idaho, records the location of lightning strikes
throughout the western United States and can provide those locations to their offices in real
time.
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Using the capabilities provided by a GIS, fire dispatchers can display the locations
of lightning strikes in combination with other data layers such as fuel classes (derived from
vegetation characteristics), locations of structures or populated areas, slope and aspect,
meteorological conditions, and roads or other access routes. It is also possible to model the’
behavior of a wildfire that has already started burning using wind speed, wind direction,
fuel classes, slope, and other parameters stored in the GIS database. This way, fire
dispatchers can anticipate where a fire may spread and allocate resources accordingly.

CONCLUSION

Many additional uses of GIS technology for environmental applications are being
implemented by researchers, consultants, technicians, civil servants, and others in a wide
variety of disciplines around the world. A GIS offers a cost-effective method for
organizing, interpreting, and displaying all forms of spatially referenced information.
Significant cost savings can be recognized by implementing a GIS throughout all
departments within an organization because a GIS: prevents redundancy in data storage and
encourages data sharing, reduces the amount of time required to update and analyze
information, and offers system users fast and relatively easy access to large databases
derived from a variety of input sources. '

Future developments may include the integration of expert systems approaches to
environmental problems, taking the guesswork out of the operational use of this technology
by incorporating the knowledge of experienced specialists. In the meantime, sophisticated
tools are available now for those who are willing to exercise their imagination and apply
creative thinking to solve the complex issues facing us.
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ABSTRACT

Restoration ecology is an emerging field focused on recovering and
reinvesting ecological capital now being quickly spent by humanity,
principally by habitat alteration. There is presently great confusion
about what constitutes ecosystem restoration. Despite belief in the
plasticity of nature, damaged ecosystems are not self-renewing, and the
several options available to managers charged with restoring damaged
systems range from re-creation of the original ecosystem to construction
of entirely new, alternative ecosystems. The range of activities now
called "reclamation” fall within this range. Several ecological factors
constrain the probable success of habitat management and restoration.
Biotic communities are dynamic. Colonization, followed by succession,
results in changing species compositions and biotic functions. Any
artificial habitat will accumulate species, but these species may not be
those desired nor may desired species persist for long periods.
Predicting the success of artificial habitat management is fundamentally
simple. Desired and necessary species must be available to colonize the
new habitat. Management capability must be available to monitor
community development and take appropriate action, based on fundamental
science, when needed. Management may be limited to rehabilitating a
limited set of ecological characteristics or to enhancing particular
ecological functions.

INTRODUCTION

The principles of ecology have been controversial when applied to
the solution of practical problems. For example, it is relatively easy
to arrange an argument between ecologists about competition or the role
of predators in structuring communities, but it is unclear how these
principles affect the restoration of natural communities and ecosystems.
Many of the controversies in ecology arise because, despite well-known
"physics envy” and the role of rigorous experimentation, many
ecologically important variables cannot be controlled: ecology is often
a "soft science” (Diamond, 1987). Still, a few ecological facts are not
disputed: we have only one earth, and it is unlikely that the planet's
ecological productivity will rise significantly. 1In fact, it is likely
that productivity will decrease (Turner et al., 1990), principally
because of human alteration of habitats, over-exploitation of soils and
grazing lands, and the concomitant loss of species. Ecological capital
is being spent at an alarming rate in the destruction and pollution of
ecosystems - far greater than can be replenished by our currently meager
restoration efforts. Ecological production that is co-opted by the
human population (Vitousek et al., 1986) will not be available to the
other several million species with whom we share the planet.

The challenge for the next century is to maintain ecological

structures in a functioning condition while the human population rises
toward ten billion (Cairns and Pratt, 1992). The landscape is already
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severely fragmented, and agricultural production appears to already be
maximized (Ehrlich and Ehrlich, 1990). However, native ecosystems,
often unmanaged, will continue to be a important source of food and
fiber for humans. The question is whether human exploitation of
ecosystems (and their underlying minerals) will happen in a sustainable
way (Lubchenko et al., 1991) or whether management will continue to be
fragmented, short-term, and short-sighted.

The scientists and managers participating im this conference have
a grave responsibility. They must assure that their efforts are not
simply justification for more rapid over-exploitation of ecological
resources, and they must demonstrate that their efforts are both
ecologically and economically sound. Reclamation, however defined,
must be a road to a solution - especially a solution for ecosystem
restoration - and not part of the problem. In this paper, we review the
basic concepts of restoration ecology and pose questions and
recommendations for scientists and managers who traverse the narrow line
between basic science and its applications.

ECOLOGICAL CONSTRAINTS ON RESTORATION

A major
question in the
establishment of
communities on Non-interactive
artificial habitats
is the rate and
extent to which Interactive
communities similar
to natural com-
munities develop.
Despite considerable
controversy about
the adequacy of
biogeographic models
for predicting the
rate and mechanisms
of colonization,
colonization of

Species

newly created 0

habitats follows the

dynamics predicted Time

by MacArthur and

Wilson (1967). Figure 1. Species accrual on new habitat patches
Species arrival on according to the MacArthur-Wilson (1967)

barren habitat equilibrium model. The noninteractive phase of

patches is a colonization is species accumulation while the
saturation process interactive phase is assortative and marked by
(e.g., Fig. 1). species interaction.

Theoretical studies provide several predictions that apply to the
design, sampling, and monitoring of artificial habitats (see Cairns,
1982). The number of colonizing species is limited by the size of the
habitat and the distance of the habitat from the source of colonists.
These predictions are intuitive, and the number of species that can be

held by a habitat (the species-area relationship) depends on the taxa
studied, as follows:

S = C A* (1)
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where S is the number of species in the habitat, A is the area, and C

and z are fitted constants.

C is a constant determined by the richness
and vagility of the colonizing taxa.

The constant z has an empirically

determined value of approximately 0.27 (MacArthur and Wilson, 1967).

As habitats accumulate
species, the initially high
rate of colonization falls,
and some colonists become
locally extinct. The rate of
local extinction increases
until the colonization and
extinction rates are
approximately equal, resulting
in an approximate species
equilibrium (Fig. 2).
Predictions concerning the
number of species at
equilibrium give no clues
about the composition of the
colonizing community. In
fact, because the rates of
colonization and extinction do
not fall to zero, there is
continual turnover in the
colonizing community, a
turnover that differs in rate
for differing taxa (Schoener,
1983).

Rate
mmigration
Extinctio
! 7}
Species
Figure 2. Changing rates of immigration

and extinction in relation to species
richness in habitat patches. The
equilibrium number of species (arrow) is
dynamic: continuing immigration and
extinction result in species turnover.

The attainment of species equilibrium is primarily a non-
interactive process (Simberloff and Wilson, 1969; Cairns and Henebry,

1982) in which species collect on the habitat.

Once equilibrium is

reached, however, assortative processes driven by interspecific

interactions alter community composition (Fig. 1).

This process is

equivalent to the assortative processes of succession in terrestrial
plant communities, although the driving mechanisms are principally

autogenic (arising within the community).

Previcus studies have shown

that occasionally allogenic forces such as invasion by a large,
generalist predator affect the community (Henebry and Cairms, 1980).

The noninteractive portion of the colonization process can be
modelled empirically by sampling for species richness through time.
Time-dependent species richness data can be fitted to the colonization
model to obtain a prediction of the eventual community richness at

equilibrium.

S =35

_ .-Gt
. eq(1 e’ )

where S

is the number species at time t, S

The colonization model

(2)

is the estimated

equilibf¥ium number of species, and G is the®colonization rate.
Iterative nonlinear regression techniques (Draper and Smith, 1981) or a
variety of curve-fitting techniques can be used to estimate both the

colonization rate and equilibrium species number.

If an estimate of the

species pool is available, then the degree to which the equilibrium
species number approaches the size of the available pool of colonists

can be determined.

- 42 -



The island biogeographic model of colonization is a simple
community model that makes no predictions about the specific composition
of the colonizing community. Often, specific composition (i.e.,
commercially important fishes) is extremely important to the success of
a restoration or artificial habitat construction project. How can
theoretical predictions be used to guide manipulations of artificial
habitats? First, bigger is better. That is, larger habitats will have
greater habitat heterogeneity and will hold more species, and (despite
arguments such as those of May [1973]) more diverse habitats are likely
to be more stable. Second, since the dispersal of propagules to new
habitats is probably random, projects can manipulate the probability of
successful arrival of species at the new habitat by seeding select taxa.
For example, if a forest habitat is to be recreated artificially,
planting trees in the artificial habitat will greatly enhance the rate
of community development. This may seem platitudinous, but nature does
not have an infinite ability to "naturally" recreate habitats. In the
case of the forest, the presence of grazers (such as white-tail deer)
may keep desired densities of natural recruits low unless planned
manipulation is done. These principles are discussed more fully below.

RESTORING DAMAGED ECOSYSTEMS

The first step in restoring ecosystems is to state specifically
the goals and objectives of the proposed work. It is now clear that a
variety of objectives may be achieved, and participants in a restoration
project may not all agree on the type of restoration being undertaken.
The discussion that follows presents a theoretical framework of several
restoration alternatives. Q{ften, restoration to pre-disturbance
condition is not practical or possible, and some projects will provide
opportunities to create habitats and ecosystems different from (better
than?) the original system. Establishing the goals of restoration may
require a further understanding of the nature of the original ecosystem
and an estimation of the future stability of the site. 1In other words,
it is necessary to understand how quickly restoration is likely to occur
by understanding the resistance of the original ecosystem and its )
ability to withstand and recover from the present and future
perturbations.

In the United States, different laws and their promulgated
regulations can limit the alternatives that can be considered. For
example, under the Surface Mining Control and Reclamation Act (SMCRA),
landscape patterns generally must be replaced (pre-miming forest with
forest, streams with streams, etc.) but the species composition is not
specified. However, under Florida statutes for the reclamation of
surface phosphate mines, considerably more freedom is allowed in
recreating post-mining habitats. Under the Uranium Mine Tailings
Reclamation Act (UMTRA), the goal of reclamation is to stabilize low-
level radioactive materials with little regard for the condition of the
final disposal site which is regarded as permanently hazardous.

Restoration alternatives

Ecosystems often do not recover from anthropogenic stress without
manipulation. The essential choices in restoration are shown in Fig. 3,
but we now recognize that several options are available for restoring
ecological structure and function following disturbance. The most
fundamental question facing a team charged with restoring an ecosystem
is "what should be restored?” Both structural and functional components
of an ecosystem can be replaced, and approach to the pre-disturbance
condition can be high, although this need not be the case. The original
mixed forest of a mine site can be replaced by a stand of white pine.
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In this case, the forest landscape
(and some ecological function) is utial

restored, but the pre-disturbance Condition
condition is not replaced.

Rehahilitation
Several terms are used

imprecisely by scientists and Restoration

managers charged with project Enhancement
oversight and ecosystem ‘\\\\ ,/’
management. In this paper, we Now

adopt definitions similar to those

used by a committee of the

National Academy of Sciences (NRC, Further
1992). Restoration means Degradation
returning an ecosystem to a

condition (or the successional Figure 3. Possible paths in the
state it would have had) had no restoration of damaged ecosystems
disturbance occurred. This (based on Magnuson et al., 1980).

requires assessing both the

structural and functional adequacv

of the ecosystem. Rehabilitation means replacing some of the ecological
features of the pre-disturbance ecosystem, but this is not restoration.
The example of mitigating the impacts of coal mining, described above,
is a familiar example of rehabilitation. Enhancement means the
replacement of the original ecosystem with a different ecosystem. For
example, phosphate mine pits in central Florida are not returned to
original contour and the vegetation replanted. Rather, because mine
spoils are somewhat hazardous and the water table is shallow, mine pits
often become lakes. Clearly, the lake bears no resemblance to the
former upland ecosystem. Enhancement can play a major role in providing
otherwise-endangered habitats such as wetlands or marine reefs, even
though the replacement is clearly not restoration.

Conspicuously absent from this list is the term reclamation. This
term has several meanings including the three processes described above.
In one sense, legislation such as the Surface Mining Control and
Reclamation Act (SMCRA) has specified activities that include both
rehabilitation and enhancement. Rarely is true restoration possible.
Similarly, requirements under the so-called Superfund act (CERCLA) focus
on restoration, even though some other endpoint would be practical and
both scientifically and socially acceptable. Often, reclamation may
mean simple stabilization of potential hazards, such as treating deep
mine effluent or removing contaminated soil or sediment.

Several options and alternatives to restoration of the pre-
disturbance condition are given in Table 1. Often, direct restoration
is not possible because the pre-disturbance condition is unknown or
imprecisely understood. This fact is often surprising and discouraging
for managers and policy makers, but few ecosystems are sufficiently well
characterized to establish baseline conditions. The exceptions are
those systems studied to establish the ecological baseline prior to
human actions. The paucity of structural and functional information is
also troublesome for ecologists who often cannot make refined
predictions about the goal of restoration efforts. General predictions
about ecological productivity are available, as is information on the
distribution of many familiar taxa. Because no systematic study of the
nation's biotic resources (e.g., a biological inventory) has ever been
attempted, expectations about the composition of biotic communities is

rarely available (c.f., Ohio EPA, 1987) when determining restoration
goals.
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Table 1. Types of ecological restoration, based mostly on Cairnms
(1992).

Class Common term Definition

A Restoration Return to predisturbance condition

Al Pre-emptive Restoration prior to damage occurring
restoration

Ex.: Restoration with native, naturally occurring species

B Rehabilitation Re-establishment of selected ecological
attributes .
Ex.: Replacement of oak-hickory forest on mined land with stand of
white pine.

c Enhancement Establishment of an alternative ecosystem
Ex.: Development of recreational lake following surface mining.
D "natural recovery" Restoration left to matural processes
Ex.: Unmanaged recovery of farmed land after abandonment.
E e Decommissioning hazardous waste sites
Ex.: Managed confinement and capping of uranium mine tailings.
F -~2 Restoration in an area with a high risk of
ecoaccidents

Ex.: Replacement of native species with rapidly growing "pioneers" in
transportation corridors.

G e Restoration following contamination by
genetically engineered organisms
Ex.: Decontamination followed by reconmstruction or restoration.

H --2 Restoration to protect adjacent ecosystems
Ex.: Sealing of pyritic minerals in surface mines to prevent acid
mine drainage.

3Could be termed "reclamation®

A new option is pre-emptive restoration, also called habitat
banking. That is, a restoration project might be undertaken to off-set
expected or irretrievable damage to an otherwise unaffected portion of
an ecosystem. In the example case, Russell (1991) used an artificial
reef to replace habitat that was about to be destroyed. This process is
particularly interesting because the original and replacement habitats
can be studied (and expected restoration outcomes determine)
simultaneously.

Managing the Recovery Process

The success of ecological recovery depends on several factors,
some of which may require significant management to achieve any measure
of success. Biological factors including the sources and trans-
portability of propagules must be understood. The physical and chemical
status of the recovering (or new) habitat must be known. Additionally,
a management system must be in place to monitor and manage the
biological, physical, and chemical habitat during restoration. For
example, the lessons of biogeography suggest that colonization by some
desired species cannot be left to "natural" processes, but that species
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with long life spans and poorly dispersing propagules will have to be
introduced on the site. Such introductions need not be restricted to
terrestrial plants alone. For example, we have routinely recommended
inoculating new ponds and restored wetlands with material from other,
similar aquatic ecosystems to assure that insect larve, worms, and
microbes will effectively colonize the newly created habitat.

Some of the factors leading to ecological resistance to stress and
to the ability of an ecosystem to recover from displacement are listed
in Table 2. These factors can serve as a checklist for ranking
different systems and situations or for determining the factors that may
lead to successful (or unsuccessful) restoration.

Table 2. Factors important in ecosystem resistance and recovery. Lists
are intended as checklists for identifying and rating environmental and
management factors. Based on Cairns and Dickson (1975).

Resistance Recovery

Biological

Organisms accustomed to variable Nearby epicenters are sources
environment. of species.

System has high structural and Propagules are highly mobile.
functional redundancy

System is nol near a major Physical structure of system
ecological threshold. is intact.

Chemical

System has high flushing capacity. Habitat has chemical-physical
factors within normal bounds.

System has high pollutant buffering Residual toxicants are not
capacity. present.

Management

Local management group has Management has immediate and
monitoring program in place. direct control of damaged area.

In the context of ecosystem restoration, monitoring means that
management has the ability to sense when corrective action is needed and
the authority to take that action. We see this as different from
surveys and surveillance of systems (sensu Hellawell, 1978) in which
data are collected without reference to expected ecosystem performance.
This is described more fully below.

THE ECOSYSTEM PERSPECTIVE
The ecosystem is the functional ecological unit. Therefore,
ecological restoration means more than simply replacing the dominant

plant cover. Systems must be measured to assure that not only are the
appropriate structures in place, but that these structures are
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functioning normally. Additionally, ecosystems are linked together,
often in an interdependent fashion. Ignoring ecological linkages may
result in poorly functioning restored ecosystems with low probability of
persistence. For example, it does little good to restore a stream
segment if the vegetated riparian zone that buffers and links the stream
to the upland ecosystem is not also restored. Headwater streams are
especially dependent on the riparian zone which shades the stream and
which supplies energy to the stream in the form of leaves, needles, and
wood.

The success of restoration efforts must be judged at the ecosystem
level using objective criteria. That is, we need to pursue performance
criteria for restored ecosystems to assess the results of restoration.
Managing species colonization of new habitats only assures that species
will arrive, but developing ecosystems, including restored systems, tend
to increase in biological diversity as they mature (Odum, 1969).
Changing diversity means much more than simple increases in species
richness. That is, diversity increases at many organizational levels -
landscape (spatial) heterogeneity, community richness, biogeochemical
cycling, life cycles, food web complexity. For most ecosystems,
patterns of organizational diversity are only qualitatively known, but
these patterns (Table 3) provide a framework upon which criteria
regarding the success (or failure) of restoration can be judged.

Table 3. Examples of developmental changes in ecosystems (based largely
on Odum, 1969). Restored ecosystems should develop toward mature stages
shown in the right hand column. Quantitative measures are needed to
assess the adequacy of restored ecosystem development. ’

Developing Mature

Criteria stages stages
Population life history
Specialization broad narrow
Life cycles short, simple long, complex
Community structure
Spatial heterogeneity poor well-organized
Species richness low high
Food chains linear web-like
Nutrient cycling
Mineral cycles open, leaky closed, tight
Role of detritus unimportant important
Energetics
Net production high low

The criteria presented above should be understoocd by those
involved in the broad range of reclamation activities. For example,
when a mine site is revegetated, a nurse crop of annual grasses is
planted to stabilize soil. The life cycle of these grasses is short and
simple, but they are not the ultimate goal. With just a nurse crop,
erosion still occurs, leading to soil and nutrient loss (open mineral
cycles). An adequately reclaimed (restored) ecosystem will minimize
losses of mineral nutrients and will contain a community of perennial
organisms with more complex life cycles. The standing crop biomass will
increase, but annual yield will decline as the new ecosystem develops.
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what is needed, then, is a set of quantitative measures that will
define the endpoint of the restoration. These performance criteria
should provide an objective answer to the question "when is restoration
complete?” Performance criteria will differ according to the type of
restoration undertaken and the physical setting (biome, physiographic
province). Nevertheless, quantitative criteria will be essential for
monitoring ecosystem development. Now, the performance criteria often
are unspecified ("we'll know it when we see it") beyond design criteria
(i.e., numbers of seedlings planted per hectare). The list of criteria
in Table 3 is not exhaustive, but it could serve as the basis for an
ecosystem-focused analysis of restoration success.

For an ecosystem approach to succeed, management must be capable
of regularly measuring (monitoring) the state of the restored ecosystem.
The list of measured criteria need not be long, but the list should
include meastres that will provide insight into system structure and
function. Monitoring can then be diagnostic; it can tell managers what
is working and what is not. Failure to monitor ecosystem performance
(and to take action when measures are out of predetermined boundaries)
can be viewed as a failure of quality control and can fail to prevent
unintended impacts on adjoining ecosystems. By determining that
restoration efforts are creating ecosystem structures that function like
natural ecosystems, managers can be more sure that their efforts are
ecolopical investments in the future.
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ABSTRACT

The Urad Mine tailing ponds were reclaimed from 1974 through
about 1979 by stabilizing with waste rock and mixing sewage and
wood chips into the surface of the rock. This paper contains the
results of subsequent monitoring studies conducted on the growth
medium and vegetation.

Revegetation of waste rock material has been effective.
Seeded grasses are well established and produced more forage in
1985 than in the control, an adjacent burned-over spruce-fir
community. Vegetative cover on reclaimed tailing areas equaled
or exceeded that of the control. The areas were dominated by a
few species of grasses, and forbs occurred infrequently.
Vegetation on the reclaimed areas was more diverse than the
control when all species were considered, but less diverse than
the control if only native species were considered. Invasion of
the seeded stands by native species has occurred, and diversity
may continue to increase with time.

Concentrations of the micronutrients zinc, iron, copper, and
manganese in the waste rock growth medium were high. Nitrate
nitrogen declined significantly through time. The pH was
slightly alkaline and stable through time. If the growth medium
were to become more acidic in the future, more metals may become
available for plant uptake. The dominant legume, white clover,
concentrated chemical constituents in foliage much more than did
the dominant grass, smooth bromegrass. The clover had
concentrations of molybdenum and fluoride, which might be
considered dangerous to ruminant animals if grazing was
restricted only to the reclaimed tailing areas.
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INTRODUCTION

Molybdenum became a high priority item with the U. S.
Government during World War I. The Molybdenum orebody within Red
Mountain, about 50 miles west of Denver, Colorado near the
Continental Divide, was first developed and mined by the Primos
Exploration Co. from 1914 to 1919. Later, the Urad Mine (as it
has always been known) was worked intermittently by the
Molybdenum Corporation of America during World War II. The mine
was closed for a number of years following the War. Climax
Molybdenum Company purchased the property in 1963 and put the
mine back into production in 1967. The orebody was depleted and
the mine closed in 1974 after processing about 14 million tons of
ore and producing 48 million pounds of molybdenum. Approximately
four pounds of molybdenum were produced from each ton of ore
mined.

Tailing produced in the milling process during World War I
was deposited directly into Woods Creek. Most of the tailing was
contained in a pond when mining was resumed during the World Wwar
II period. When Climax reopened the mine in 1967, the company
agreed to stabilize, revegetate, and reclaim disturbed areas.

Two tailing ponds totaling about 125 acres posed a most difficult
reclamation problem for Climax when mining was completed in 1974
(Brown 1976). This was the first full-scale program to stabilize
and reclaim hardrock tailing at a high elevation in the Rocky
Mountains. Little was known about reclaiming sterile tailing at
a 10,400 foot elevation and with a frost free growing season of
only about 20 days per year. There were no precedents to follow,
so the entire reclamation program was an experiment.

The company developed an innovative use of waste materials
to reclaim the Urad tailing ponds. Three major waste products
were used to reclaim the tailing: 1) waste rock from a nearby
mine, 2) sewage sludge from a metropolitan center, and 3) wood
chips from a sawmill in the area. The waste rock was generated
during the development of the Henderson Mine. The source of rock
was 4,000 to 5,000 feet underground where it was being excavated
to develop access to the Henderson ore body. The granitic rock
was a sterile growth medium that would require addition of
organic matter and nutrients to create a plant growth medium.

The Urad reclamation project utilized 1.5 million tons of waste
rock, 4,200 tons of dry sewage sludge, and 24,000 cubic yards of
wood chips to transform the surface material into a plant growth
medium. Adding these amendments resulted in an increase in
organic matter, nitrogen, and phosphorus, all essential for plant
growth and development. The effort was quite successful, and the
innovative reclamation program resulted in Climax Molybdenum
Company receiving the 1981 National Environmental Industry Award
from the Presidents' Council on Environmental Quality.

Both rock and tailing were initially sterile, but rock
offered several advantages over tailing as a plant growth medium.
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Waste rock provided a capillary barrier to potential migration of
acids or salts from the tailing. The rock eliminated wind and
water erosion, thus stabilizing the tailing and eliminating
drifting and sand sheer of vegetation by tailing. Rock also
provided a rooting zone for tap roots of trees and shrubs.

Darker colored waste rock absorbed more heat and should maintain
higher surface temperatures than white colored tailing. The rock
material also acted as a mulch reducing water loss from the
surface.

Wood chips mixed into the surface served as mulch, provided
organic matter, and stored some of the excess nitrogen from the
sewage sludge for future plant use. The sewage sludge added the
necessary nutrients and more organic matter to form the complete
waste growth medium. Because of the high C:N ratio of this
organic matter, additional ammonium nitrate fertilizer was deemed
to be necessary for some years, but in reality was only applied
one time.

RECENT FINDINGS

At least 16 elements are known to be essential for plant
growth. Of these, nitrogen, phosphorus and potassium are widely
deficient in soils. Soil pH is also a common limitation to plant
growth (Melsted and Peck, 1973). Secondary or micronutrient
deficiencies are sometimes found, with sulphur, zinc and boron
being the most common. Iron and zinc deficiencies are sometimes
found in the western USA. However, plants differ widely in their
susceptibility to micronutrient deficiency due either to their
requirements or inability to extract the element from the soil or
growth medium (Viets and Lindsay, 1973). There is usually a
great increase in plant ability to uptake micronutrient cations
as the soil pH decreases (Larcher, 1980).

Chlorine and molybdenum were only recently recognized as
plant micronutrients (Johnson, 1966). However, during a fairly
short period, molybdenum has been one of the most extensively
studied plant and animal micronutrients. Most plant studies,
however, have concentrated on molybdenum deficiencies rather than
excesses.

Soil or growth medium testing is sometimes useful to
determine whether nutrients are either deficient or excessive.
Excesses of certain elements can be toxic to plants and animals,
or contribute to pollution of surface and ground water. Testing
soil for micronutrient concentrations may not always provide
useful information because plant requirements for these nutrients
vary among species, and availability of nutrients is dependent
upon climatic factors and several chemical, physical, and
biological processes (Reisenauer, Walsh, and Hoeft, 1973). To
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have significant predictive value, these tests should measure the
amount of nutrients made available to plants under a variety of
conditions.

The critical level for a nutrient is the concentration in a
plant below which growth rate, yield, or quality declines
significantly (Munson and Nelson, 1973). Of course, the critical
level of an element can shift rather widely if an interfering or
complementary element is present. Generally, though, good
relationships between nutrient concentration, plant yield, and
nutrient supply are obtained at a specific location in a year.
However, year-to-year and location~-to-location variation in these
relationships are often quite wide spread and difficult to
interpret. This, therefore, is a major problem in the general
use of plant and soil analyses, and careful evaluation is needed.

Availability of nutrients to plants is determined both by
factors which affect the ability of the so0il or growth medium to
supply the nutrients and by factors which affect the plant's
ability to utilize the supplied nutrients (Corey and Schulte,
1973). Available nutrients in solution might be derived from a
number of sources such as weathering of minerals, decomposition
of organic matter, atmospheric deposition, application of
fertilizer materials, etc. The nitrate anion is usually very
soluble and generally does not form insoluble compounds with any
of the soil constituents. As a result, it usually remains in
solution until it is absorbed by plants or microorganisms,
leached, denitrified, or otherwise disposed of (Corey and
Schulte, 1973). Sulphate anions act in a similar manner in
neutral or alkaline conditions but tend to be sorbed in acidic
conditions. Most other nutrient elements form some type of
relatively insoluble compound which tends to maintain an
equilibrium concentration in the solution. Thus, water-soluble
cations equilibrate with the cation exchange complex: cations
such as copper and zinc form complexes with soil organic matter:
ferric iron and aluminum form insoluble hydroxides or hydrous
oxides; phosphorus forms iron, aluminum and calcium phosphates,
etc.

Soil pH and temperature are important factors in determining
solubilities of elements which tend to equilibrate with a solid
phase. Solubilities of the hydroxy-oxides of iron and aluminum
are directly dependent on the hydroxyl (OH') concentration and
decrease as pH increases (Corey and Schulte, 1973). Hydrogen
cations (H') compete directly with other Lewis acid cations for
complexing sites and the solubilities of complex cations such as
copper and zinc increase as pH decreases. The H' ion
concentration determines the magnitude of the pH-dependent cation
exchange charge and affects activities of all exchangeable
cations to some extent. Solubilities of iron, aluminum, and
calcium phosphates are markedly pH-dependent, as are solubilities
of sorbed molybdate (MoO,) and SO, anions. Another factor
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important in determining the concentration of nutrients in the
soil or growth medium solution is the redox potential (Corey and
Schulte, 1973). The redox potential is related to soil aeration,
which in turn is dependent upon rates of microbial and root
respiration and oxygen diffusion. It affects solubilities of
nutrient elements which can exist in more than one oxidation
state. These elements include C, H, O, N, S, Fe, Mn, and Cu.

Plants vary widely in their uptake and requirements for
various macro- and micro-nutrients (Swaine, 1955). Some
essential elements can also be taken up in excess and may become
toxic to the plant (Lindsay, 1979). Some toxic elements or
compounds can be taken up by plants even though they are not
required for growth. Often uptake of toxic constituents are in
proportion to their availability in the immediate environment of
the plant. In other cases, plants may concentrate certain toxic
substances to levels far in excess of their availability. We are
only now beginning to understand the effects and fate of some
potentially toxic chemicals as they move through food webs in
ecosystems.

Whether an element or compound is limiting or toxic in many
cases depends upon its availability and concentration (Lindsay,
1979). Although nitrogen is usually the most limiting nutrient,
nhosphorus is commonly the second most limiting. Phosphorus is
often deficient in highly weathered soil, calcarious soils, or
organic soils, but excesses may occur under acidic soil
conditions. When phosphorus exceeds about 0.3% in plant dry
matter, it may become toxic (Bingham, 1966).

Potassium is the third most likely element to limit plant
productivity in natural communities. However, plants are capable
of substituting sodium in part for potassium requirements (Ulrich
and Ohki, 1966). The critical potassium level in leaves of many
plants ranges from 0.7 to 1.5% on a dry weight basis. There have
been few reported cases of excess or toxicity of potassium.
Excess potassium may reduce absorption of other nutrients by the
plant from the soil. For example, excess potassium may reduce
the uptake of magnesium, manganese, zinc, and iron.

Zinc content in forage normally ranges from 20 to 10,000 ppm
(4g/g) (Holmes, 1944). Therefore, plant leaves with less than 20
ppm zinc may be deficient in this micro-nutrient. Ample, but not
excessive, levels commonly range from 25 to 150 ppm (Chapman,
1966). Amounts of zinc greater than 400 ppm may indicate zinc
excess. Acidification of soils may bring about zinc toxicity in
substrates that are high in zinc.

Iron was shown to be an essential element for plant life
over a century ago and is required by plants in quantities larger
than manganese, zinc, copper, and molybdenum (Wallihan, 1966).
Iron toxicity has not been in much evidence under natural
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conditions. Concentrations of iron in foliage are usually in the
order of 1072 to 10™* times that in the soil in which the plant
grows. As a general rule, other elements known to be essential
to plants achieve concentrations in the plant tissues that are
approximately equal to or greater than that existing in the soil.
In as much as most soils contain several percent iron, and plants
require concentrations in dry matter in the order of 100 ppm or
less, iron deficiency must result from low availability of soil
iron.

Plants vary widely in their requirements for molybdenum and
in their ability to extract this element from the soil
(Reisenauer et al. 1973). Absorption of molybdate by plant roots
is markedly influenced by pH, the amount of sulfate, soil organic
matter content, and soil moisture (Gupta and Lipsett, 1981).
Increased sulfate depresses molybdate uptake. Available
molybdenum usually increases with soil organic content, as does
that of most other nutrient elements. Additions of sewage sludge
may also result in increased molybdenum uptake by plants (Soon
and Bates, 1985; Pierzynski and Jacobs, 1986). Plant
requirements for molybdenum are met at concentrations of 0.3 to
0.5 ppm in tissues of legumes, and at less than 0.1 ppm in
tissues of most other plants. Molybdenum functions in the
fixation of nitrogen by legumes, and its deficiency is most
frequently observed in that group of plants. Molybdenum is
essential in the reduction of nitrate in all plants and has also
been implicated in other oxidation-reduction processes.

Molybdate as an anion is strongly adsorbed by soil and
minerals and colloids below pH 6.0. Therefore, molybdenum
availability in acidic soils may be limiting plant growth
(Robinson and Alexander, 1953; Guputa and Kunelius, 1980). Under
alkaline conditions, molybdenum is taken up much more readily by
plants. Reductions in plant growth from excess levels of
molybdenum can be expected when tissue concentrations exceed 200
ppm (Reisenauer et al. 1973). There have been several reports
that legumes accumulate more molybdenum than do grasses (Barshad,
1951; Dye and O'Harra, 1959). However, there are a few reports
that indicate that this is not always the case (Robinson and
Edgington, 1954; Johnson, 1966; Gupta and Kunelius, 1980).

Forage containing more than 10 to 20 ppm molybdenum may
produce molybdenosis of ruminants. Elevated molybdenum intake
depresses copper availability and may produce a physiological
copper deficiency in ruminants (Ward, 1978). Physiological
copper deficiencies are produced when forage has: (1) high
molybdenum levels (>100 ppm), (2) low copper/molybdenum ratios
(<2:1), (3) low copper levels (<5 ppm), and (4) high protein (20-
30%). Molybdenum toxicity in ruminants is, therefore, quite
complex. It involves not only excess molybdenum but also low
copper and high sulfate-sulphur concentrations in forage plants.
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Copper supplementation in ruminant diets has been somewhat
effective in controlling the disease (Dye and O'Harra, 1959).

It is now generally recognized that ruminants suffering from
copper deficiencies have blood that is deficient in hemoglobin
(Reuther and Labanauskas, 1966). In addition to copper's
function in formation of hemoglobin, other deficiency symptoms
are frequently seen in animals. Generally, animals on green
forage containing greater than 5 ppm copper do not suffer from
copper deficiency. Serious disease may occur when forage
contains between 1 and 3 ppm of copper.

The free element arsenic is not considered poisonous.
However, many of its compounds are extremely so. There is no
evidence that arsenic is essential for plant growth although
stimulation of root growth has been demonstrated in solution
cultures (Liebig, 1966). Arsenic spray accumulation resulting
from herbicide applications, however, has reduced productivity of
soils. Arsenic does not usually accumulate to any appreciable
extent in the aboveground portions of plants. Arsenic does,
however, accumulate in roots. Arsenic levels in plants grown in
uncontaminated soils rarely exceed 10 ppm (Liebig, 1966).

Presence of abnormally high concentrations of fluoride in
aboveground parts of plants, with low concentrations in the
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