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PREFACE

The papers in this volume were presented at the Third High.
Altitude Revegetation Workshop sponsored by the Committee for High
Altitude Revegetation and have been rearranged from their original
order. Committee members Larry Brown, Wendell Hassell, Mark Schuster,
and Paul Wilderman donated many hours contacting and organizing the
speakers, and made this a cohesive workshop. I thank them and many
others for their efforts toward making this workshop the best yet.

I thank also the many speakers who contributed their time in attend-
ance and participation.

The Committee will continue to sponsor workshops on a biennial
basis, and summer field tours annually. The forth workshop is ten-
tatively scheduled for March, 1980 at the Colorado School of Mines
in Golden.

The mention of a trademark, proprietary product, or a company
does not constitute a guarantee or warranty of the product nor a
recommendation of the company by the Committee, and does not imply
approval to the esclusion of other products or companies that may
also be suitable.

Stephen Kenny
Fort Collins
May, 1978
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ASPECTS OF THE ECOLOGY OF ALPINE
AND SUBALPINE PLANTS

W. D. Billings
Department of Botany
Duke University

INTRODUCTION

Alpine or high mountain environments stretch from the equator
to the Arctic and Antarctic. The most diverse array of high mountain
ecosystems exists in the American Cordillera extending from the Southern
Andes of Tierra del Fuego 55°S latitude to the Brooks Range of Alaska
(68°N). The relatively old Rocky Mountains constitute the heart of
this system in western North America from New Mexico to Alaska; the
geologically young Andes assume the same role from one end of South
America to the other. The Sierra Nevada and Cascades are also geolo-
gically young and represent important secondary mountain systems in
western North America.

In some mountain ranges there are relatively sharp boundaries be-
tween what might be called "alpine" and those systems which lie
slightly lower in elevation and are referred to as "subalpine." 1In
many mountains, though, sharp lines between alpine and subalpine zones
do not exist. Upper timberline is frequently used as the boundary
between subalpine and alpine vegetation in North America. However, on
most mountains of the earth it is not a particularly good boundary,
and it is not a very good boundary on most North and South American
mountains either. Timberlines almost always exist at much higher
elevations than the lowest patches of alpine vegetation. This is often
true around glacial valleys, both those with and those without gla-
ciers at the present time. For example, timberline around the Athabaska
Glacier in the Canadian Rockies is fully 675 m (2,215 ft) above the
terminus of the glacier where, in the morainal gravels, there are a
number of arctic-alpine plant species, but no trees. The reasons for
this common phenomenon are rather simple: those factors which define
the lower limits of alpine species are not necessarily those which
limit the upward distribution of trees.

Gradients
AN

Since mountains vary in elevation and latitude, it is not sur-
prising that, in spite of sharing many environmental characteristics

1



2 Billings

in common, their environments do differ. These differences are more
easily seen along gradients of various kinds and lengths. The most
obvious of these gradients are latitudinal (from equatorial to polar
regions) and elevational (from the lower slopes to the summits).
These '"macrogradients" have a great deal of influence on the amounts
of solar radiation received, length of day, temperatures, and amounts
of precipitation. Such gradients have considerable control over the
kinds of plants and animals which are available in a region as poten-—
tial members of alpine biological communities and ecosystems.

Within these large gradients are smaller environmental gradients
which exist on every mountain. These, along with bedrock differences,
control almost all the local distribution patterns of plant and animal
species within the constraints set by the elevational gradient on the
mountain. The smaller gradients are determined primarily by topography.
Topography, in itself, does not control growth and distribution of al-
pine organisms but does moderate those factors which interact directly
with the organisms: solar radiation, soil moisture, soil and air tem~
peratures, wind, and both the blasting and protecting aspects of snow.
Ridges, slopes, valley and cirque floors act together along a 'meso-
topographic'" gradient (Billings, 1973) as diagramed in Figure 1. A
mesotopographic gradient is essentially a combination of an alpine
moisture gradient with a length-of-growing season gradient caused by
differential snowmelt. A single mesotopographic gradient can be util-
ized as a "mesotopographic unit." Environmental patchiness, so ap-
parent in alpine regions, can be related to vegetational pattern and
structure by studying a number of mesotopographic units in fairly
close proximity to each other.

Within mesotopographic gradients, boulders, rock outcrops, and
patches of krummhclz produce small, elongated snowdrifts in their lee.
Small depressions also catch blowing snow. Even. these small drifts
produce miniature environmental gradients which are "microtopographic”
gradients. The captured snow, because of the winter protection it
affords, is reflected in vegetational patches consisting of species
needing such protection, and those, such as Kobresia, which do not.

If a single alpine area has different kinds of bedrock, it is
also possible to compare mesotopographic units based upon different
geologic substrata. This allows us to go one step farther in under-
standing the dependence of vegetational composition on adaptations and
competition since certain edaphic factors (soil moisture availability,
soil temperature, nutrient availability) will favor some taxa, in-
cluding ecotypes, over others (see Mooney, 1966). Such information
not only has significance in the realm of pure science but has practi-
cal applications as well. These applications are apparent in under-
standing: 1) carrying capacity of alpine rangelands, 2) recreational
carrying capacities in alpine areas, 3) alpine water yield, 4) the re-
vegetation of tailings from alpine mining operations since such alpine
tailing dumps often form classic, but relatively small, mesotopogra-
phic units.
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Billings
Physical Versus Biolgical Aspects

The‘301l moisture available to plants along a mesotopographic
gradient is derived from two sources: snowbank meltwater and summer

rainfall (Billings and Bliss, 1959; Holway and Ward, 1963). As a
first approximation, one could assume that the vegetational dif-~
ferences due to water availability and use between the ridgecrest
and the meltwater meadow would be accentuated where winter snowfall
is great and summer rainfall is rare or lacking, as in the Sierra
Nevada.

In alpine environments, it appears to be the physical factors
which dominate and control the growth, reproduction, and distribution
of organisms. Plants and animals occur in patterns determined by
local gradients in solar ultraviolet and visible radiation, net
radiation, low soil and air temperatures, snow distribution, wind
speeds, length of '"growing'" or snow-free season, steepness of slope,
type of rock, and soil characteristics, including soil frost
action and needle ice. Plants are small in these cold, windy
environments; such vegetation cannot modify or "soften' the environ-
ment as does a subalpine forest. Consequently, the biological
portion of the environment appears at first glance to be less
important than physical factors in determining patterns and growth
rates in alpine communities. This all may be a bit deceptive though.
We know that large native and introduced herbivores can have marked
effects on alpine vegetation and soils. In some alpine ecosystems,
insect predation can be very intense on both vegetative and re-
productive systems of the plants. In this regard, the puna of the
central Peruvian Andes comes to mind. Perhaps we just do not know
alpine environments and ecosystems well enough yet - even in their
relatively natural states. When one adds people to the picture,
the biological part of the alpine environment becomes very import-
ant indeed, and destruction of alpine ecosystems can and does occur.

Evalution and Ecorypes

Alpine and subalpine plants belong to a species which can
evolve relatively easily to fit cold, short growing seasons. There
is a certain amount of pre-adaptation involved. This is probably
the case in the origin of much of the Sierran alpine flora from
winter annuals and perennials of the cold deserts on the east
(Chabot and Billings, 1972). The same thing could easily have
occurred earlier (and certainly continues today) in the evelution
of the old Rocky Mountain alpine flora from the surrounding grass-
lands and semi-deserts. Once adapted to alpine conditions, some of
these new species can easily migrate back and forth to the Arctic
by long~distance dispersal of seeds as climates change. Others are
much more conservative for various physiological and reproductive
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reasons and tend to remain localized or endemic to certain mount-

ain regions. There are many widespread arctic-alpine species and

many regional endemics in the Rocky Mountains. The Sierran alpine
flora is relatively new and has fewer arctic-alpine species and a

greater percentage of endemics.

As evolution progresses and mobility of propagulesiincreases,

adaptation of local populations to regional and local environmental
gradients results in genetically based latitudinal and elevational
ecotypes and ecoclines of arctic-alpine species (Mooney and Billings,
1961; Billings and Mooney, 1968; Billings et al., 1971; Billings,
1973; Billings, 1974). Within regional and latitudinal ecotypes,
there is a somewhat variable ability for acclimatization both
physiologically and morphologically (Billings et al., 1971). The
understanding of acclimatization mechanisms is extremely important
to an understanding of successful adaptation of alpine plants to
environmental stress along all gradients, including the mesotopo-
graphic gradient.

The genetic differences between the uppermost plants of -
a species on a mountain and the lowermost can be considerable.
These differences should be taken into consideration in any
revegetation scheme. The same thing holds true for edaphic
ecotypes on different geologic substrata and for seasonal and,
perhaps, drought stress ecotypes along a mesotopographic gradient.

ADAPTATIONS OF PLANT POPULATIONS OT ALPINE ECOSYSTEMS

Alpine vegetation consists almost entirely of perennial
plants. Practically all perennial graminoids in high mountains
have much more living tissue belowground than above. Some, but not
all, dicots also have most of their biomass within the soil. How-
ever, this is not usually true of dwarf shrubs. Annual species are
absent or rare. Alpine annual plants are miniature; they contribute
little to vegetational cover or productivity.

The following list of plant life forms is arranged in ap-
proximate order of importance in high mountain vegetation outside
the tropics.

Perennials
Graminoids
Herbaceous dicots
Single-stemmed dicots
Cushion plants
Small basal rosette plants
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Dwarf shrubs, either evergreen or deciduous
Giant rosettes and cacti
Mosses
- Lichens
Annual graminoids or dicots

Vegetational Structure

As indicated earlier most alpine vegetation is dominated
by perennial graminoids. Associated with these grasses and sedges
are herbaceous dicots and dwarf shrubs, both envergreen and deciduous:
willows, heathers, and the like. The vegetational gradient and any
given elevation is closely correlated with and controlled by amounts
of snow cover and water available in different segments of the
mesotopographic wunit. The most productive alpine vegetation is that
in the meadows below melting snowdrifts. The least productive and
most sparse vegetation lies under the snowdrift itself and is exposed
only in later summer, if then..  Here, a few dwarf perennial dicots
are the only plants scattered over barren rocks, gravel, and some-
times a bit of soil.

Plant Processes

a. Dormancy. Alpine plants of the middle latitudes and
arctic regions are dormant 9 to 10 months of the year. During this
time, temperatures of the surrounding air and soil are usually well
below freezing. The plants are snow-covered except on the windward
slopes and ridges where snow-cover is sporadic. Several kinds of
plants on these ridges or upper windward slopes cannot tolerate
protective snow-cover and occur only where high winds keep the ground
bare and frozen. Among these are a sedge, Kobresta, certain plants,
such as members of the genus Saxifraga, with the small rosette life
form, and cushion plants. Such plants, in dormant condition, are
adapted to environmental conditions which are extremely cold and dry
because of exposure. The perennating or live parts of alpine plants
in long-winter mountains are in the buds, roots, rhizomes: in ever-
green plants, the younger leaves also remain alive.

b. Early growth.  The perennial life forms of alpine plants
enable them to break dormancy rather rapidly after snowmelt or after
soil thaw on snowfree ridges. This usually occurs in late May or
June in the Northern Hemisphere but can be somewhat later in areas
around late-melting snowbanks. Rapid growth of shoots and leaves is
accomplished by translocation of carbohydrates and lipids from roots,
rhizomes, and/or evergreen leaves. Respiration rates are high at
this time; such high rates are associated with the speeding up of
most metabolic processes. Photosynthesis, however, starts out slowly
as compared to respiration due partly to the time it takes for
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Dark respiration rates of whoe plants of 17 arctic and alpine
ecotypes of Oxyria showed no apparent differences in temperature
acclimatation among ecotypes; homeostasis was almost "ideal" to
temperature changes in all ecotypes (Billings et al. 1971). However,
alpine populations, in general, showed less respirational lossg of
carbon when grown at warm temperatures than did plants from arctic
populations.

Photosynthesis rates of alpine plants as measured in the field
are difficult to interpret and compare because of the use of different
measurement techniques (infrared gas analyzer, 14C0,, etc.). The
CO2 uptake also can be calculated on different bases including mg CO)
per dm“, per dry wt, or per g fresh wt. In the Alps and in the Rocky
Mountains, maximum rates between 4 and 13.5 mg C02-dm‘2 (two surfaces).
hr—1l have been reported for several species. In these studies, whole
plants were used; average maximum values were around 10 mg COz-dm‘z-
hr~l. 1In other studies, single leaves have been used. Such different
combinations of methods sometimes have made it difficult to know what
reported field photosynthesis rates mean and how comparable they are.
For example, it is known that some species will have apparent net
photosynthesis rates higher than others if expressed on a leaf area
basis and lower than others if expressed on a dry weight basis.
Standardization is badly needed in field techniques for measuring
photosynthesis and respiration.

d. Storage compounds. The photosynthate produced by alpine
plants is used not only in current growth and reproduction but as
storage compounds in roots, rhizomes, and evergreen leaves. A very
large proportion 1s stored in this way, particularly late in the
growing season, and is utilized in early growth the following year
(Mooney and Billings, 1960). 1In most alpine plants, these storage
compounds are carbohydrates, but lipids are also stored, particularly
in the leaves of small evergreen rosette plants and in the evergreen
leaves of very small shrubs such as Ledum groenlandicum and Diapensia
lapponica (Hadley and Bliss, 1964).

e. Translocation. The translocation of carbon from starch
photosynthate in the chloroplasts to other parts of the plant during
low temperatures appears to be one of the adaptations of true high
mountain plants. This degradation of starch to sucrose or other
compounds in the chloroplasts of Oxyria digyna can take place during
cold alpine nights in the Sierra Nevada (Chabot and Billings, 1972).
The same process of starch degradation to sucrose occurs in leaves
of Encelia virginensis, a species of warmer lower slopes of the
eastern Sierra Nevada at higher temperatures (20-239C, 68-730F).
However, if Encelia plants are exposed to cold nights (8-11°C, 46-
520F) in which Oxyria successfully degrades starch to sucrose,
starch grains still remain in the Encelia chloroplasts the next
morning. Such starch accumulation not only reduces photosynthesis
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chlorophyll synthesis. The result is net dry weight loss for the
first week or so after snow release (Bliss, 1966).

c. Photosynthesis and respiration. Positive net photo-
synthesis takes over during the daylight hours as soon as the plants
develop chlorophyll. The photosynthetic pathway apparently is C3 in
all alpine graminoids, and probably for almost all dicots also. "I
do not know of any truly alpine graminoids which have the C4 photo-
synthetic mode. However, A. T. Harrison (personal communication,
August 23, 1977) has found a C4 Muhlenbergia in the subalpine zone
of the Laramie Mountains in Wyoming. Teeri and Stowe (1976), using
multiple regression with 32 grass floras in North America and 19
environmental variables or combinations of such variables, found that
mean daily minumum temperature in July was the best predictor of
the percentage of C, graminoid species in a flora. No C, species
occurred in those places where the mean daily minimum was below
8° (460F). In a linear regression of actual percentage of C, grass
species against 'normal" mean daily minimum teperature in July, the
percentage of C, species becomes zero at about 7° (450F). The "r™
value for this regression was .932. Since temperatures in middle-
latitude alpine areas go below 7 almost every night, this pretty
well rules out the presence of C4 graminoid species. Admittedly,
more basic research is needed on this point. But even if a Cy
species is found in an alpine area, it would likely be so rare as to
have almost no effect on the productivity or structure of alpine
vegetation.

For alpine dicots, there is little or no information on the
presence of C, species. It seems probable that alpine dicots are
almost entirely C3 species also. There is a slight possiblility that
C3 dicots might be found in alpine regions of high mountains which
are in or near deserts.

Since most all alpine plants appear to be C3 plants,
this means that some organic compounds are lost in photorespiration
in addition to those used in dark respiration. It is known that
dark respiration rates of alpine plants are relatively high at low
temperatures but little or nothing is known about their rates of
photorespiration. If high, photorespiration could be involved in
decreasing net photosynthesis rates and, thus, net primary product-
ivity in alpine ecosystems.

. Alpine weather is known for its rapid changes in temperature
and light. At least some alpine species show the ability to adjust
photosynthetic and dark respiration rates rather quickly to such
environmental changes. Alpine ecotypes of Oxyria digyna have
shown "ideal" homeostasis in adjusting net photosynthetic rates to
temperature changes while arctic ecotypes of the same species in
the same experiment showed only a low degree of partial homeostati
adjustment (Billings et al., 1971). '
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but can lead to the breakdown of chloroplasts themselves. This ability
to degrade starch to sucrose at low temperatures and to translocate
sucrose to storage organs at the same low temperatures may be one

of the principal steps in the evolution of adaptations of plants to
alpine environments. It is probable that the great majority of other
plants cannot do this. Much more research on this apparent adaptation
is needed; it would be particularly helpful in the understanding of
success or failure in high mountain revegetation.

£f. Drought stress. Alpine areas are more prone to late
season drought than are arctic regions except for polar desert
locations. Teeri (1973) has shown that Saxifiraga oppositifolia has
polar desert ecotypes that are extremely drought resistant and can
develop water potentials to below -40 bars. It should be possible to
find such drought-resistant ecotypes in the drier parts of alpine
mesotopographic gradients. In fact, Klikoff (1965) found that
photosyntheis in the moist site Calamagrostis breweri from the Sierra
Nevada decreased to almost -10 bars. On the other hand, Carex exserta
from drier sites on the same gradient was still photosynthesizing
at 25% maximum at water potentials as low as -20 bars. Studies of
water relations and drought stress in alpine plants continue. But,
much more needs to be done since successful revegetation in these
severe environments depends to a large extent upon water.

g. _Mineral nutrition. Another research area’'in need of
considerable work is that of mineral requirements and nutrient cycling
in natural alpine ecosystmes. More information seems to be available
for introduced grass communities than for the native alpine com-
munities. For example, Grable, Willhite, and McCuistion (1965) found
that nitrogen supplied by legumes or fertilizers increased hay pro-
duction and nutrient uptake in high elevation mountain meadows in
Colorado. Nitrogen and other nutrients may be limiting in other
alpine communities too. For example, Brown, et glZ. (1976) found
that application of 15-40-5 granular fertilizer to plots at the Iron
Mountain and McLaren Mines on the Beartooth Plateau resulted in about
100 times greater productivity than on control plots. What is needed
in alpine areas is more of this kind of research and also the kind
being done by Chapin, McKendrick, and others in the Alaskan Arctic
on the uptake and cycling of nitrogen, phosphorus, and other mineral
nutrients.

h. Growth. Vegetative regrowth of shoots in alpine plants
can be very rapid from the perennating bud which almost always is very
close to the ground surface. This growth begins as soon as the snow
melts and the soil temmerature rises 0°C (329F). In certain species,
such as Erythronium grandiflorum whose bud is in a relatively deep
bulb, regrowth begins even before snowmelt. Once a leaf of this
species has penetrated above the shallow, old snow, its thermal
reradiation and/or respiratory heat make the hole in the snow greater
in diameter. This allows penetration of more solar radiation to the
soil surface thus speeding regrowth even more.
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The growth of root systems and rhizomes in alpine plants
is almost unknown. There is little reason, however, to believe it
to be much different than that occurring in arctic species. Billings
et al. (1976, 1977) found that root growth in certain species of
tundra graminoids can take place at rates of 1 to 2 mm per day at
temperatures of 0°C. Studies of alpine plant water relations and
nutrient requirements would be aided by considerably more knowledge
of the below-ground structure, growth rates, and activities of these
plants.

i. Reproduction. Flowering .in alpine and subalpine plants
takes place almost entirely from flower bud primordia formed the year
before or even earlier. Such pre-formed flower buds enable alpine
plants to bloom rather soon after breaking of dormancy. If the season
continues favorably, seed set can occur in middle to late summer.
Successful seed-set depends not only upon the availability of pol-
linators but the weather at the time of flowering. A blizzard or
unusually cold weather at this time can result in no viable seed
being formed. Once seed is produced, it is available for short-or
long-distance dispersal mainly during the latter part of the growing
season. Because of environmental constraints at this time or in-
trinsic dormancy is some species, germination in seeds of most species
does not occur until at least the following year. There are only a
few exceptions to this. Many of these plants also reproduce vegetatively
by bulbils, rhizomes, stolons, or bulbs. '

Seedling establishment occurs only occasionally in most alpine
species. Even so, the availability of viable seed makes such establish-
ment much more common in alpine regions than in the Arctic where many
species produce seed only rarely and vegetative reproduction is the
rule. Seedling growth is very slow. Much of the first year's photo-
synthate goes into the development of a root system which is insurance
against drought death and serves as a carbohydrate bank. Very small
true leaves may be produced the first year, but cotyledons often carry
the plant through the first season by their photosynthesis. Several
years may elapse before the young plant is firmly established.

j. Onset of dormancy. Near the end of summer, alpine plants
go into vegetative dormancy rather quickly. In Oxyriaq, arctic
ecotypes begin to form perennating buds at photoperiods as long as l4
to 15 hr. Alpine ecotypes under the same temperature conditions do
not do this until the photoperiod is down to 12 to 13 hr. No matter
what the temperature, all Oxyria plants will be dormant when a de-
creasing photoperiod reaches about 11 hr. Photoperiod may be the
principal dormancy cue in Oxyria, but it is not independent of low
temperatures and drought; this may be true of most alpine species.
Without this dormancy or hardening, alpine plants would be in no
~condition to withstand the rigors of winter. This is especially true
of those species such as Kobresiaq which exist on snowfree ridges. But
so little is known of these mechanisms in plants of high mountains.
Again, more is known of such processes in arctic vegetation than in
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alpine plants. For example, Shaver and Billings (1977) have found
that in certain tundra graminoids in Alaska shortening photoperiods
is more important than decreasing soill temperatures in stopping the
growth of roots near the end of the growing season.

k. Ecological adaptations. The real answers to questions con-
cerning adaptations of plants to alpine conditions lie in finding out
how the populations of a species fare in alpine ecosystems. Studies
of morphological, physiological, and reproductive traits are essentially
analytical,even though many of the observations are made in the field.
Using such information, both from the field and from controlled con-
ditions, it 1s necessary to synthesize some sort of model of how the
local population of a species fits into an alpine ecosystem.

A successful population will be one that by having the right
combination of vegetative and reproductive characteristics at times
of environmental stress will survive and reproduce. The acid test
of adaptation must be made in the mountains with the populations
under the stress of predation, and in competition with other vegeta-
tion for energy capture, water, nutrients, and pollinators. Nothing
replaces simple field experimentation on natural populations within the
context of whole alpine ecosystems in constructing and testing adap-
tational models. Alpine adaptations are as varied and numerous as the
heterogeneity of alpine environments and the wealth of genetic systems
preserved in these environments allows. There is no single 'best"
adaptational '"strategy" among alpine plant species.

EFFECTS OF ENVIRONMENTAL PERTURBATIONS ON
HIGH MOUNTAIN ECOSYSTEMS

Until the last few thousand years, high mountain ecosystems and
biota evolved in the absence of man. Primitive people played only
a minor role, if any, in the environmental screen governing natural
selection. Such freedom from human impact allowed plants and animals
to develop adaptations to the precarious environments of alpine
regions where physical factors dominate.

Before the coming of people, there were natural environmental
perturbations in high mountain ecosystems: floods, earthquakes,
extended droughts, glaciation, and lightning-caused fires. These
still occur. But people have brought new changes: lumbering,
grazing, mining, road consturction, atmospheric changes such as the
breakdown of stratospheric ozone with possible increase in solar
ultraviolet radiation in alpine areas, and the increase in atmospheric
C02 with possible warming of these cold, snowy ecosystems. In addi-
tion to these perturbations, it is the increase in sheer numbers of
people in mountains through tourism and recreation which have
multiple direct and indirect impacts on montane ecosystems.
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As man has moved into these natural mountain systems, the
susceptible biota and soils have become increasingly exposed to injury,
and often to irreversible ecosystemic change and extinction of species.
It seems that, in spite of the relative severity of alpine physical
environments, such high mountain ecosystems are "fragile'" only in the
presence of man and his use of the land. Only a few mountain regions,
mostly polar, have escaped severe damage by people.

Both natural and man-induced perturbations in alpine eco-
systems result in long-term changes in environments and biological
communities. These include:

a. changes in local wind direction and force

b. changes in patterns of drift snow

¢c. changes in soil characteristics including nutrient
status, pH, compaction, and erosion

d. changes in soil mositure and runoff

e. changes in vegetation composition including
extinction of some native species, invasion of
weeds, introduction of exotic species by certain
kinds of revegetation attempts

f. possible changes in ecosystem secondary productivity
triggered by introduced plant species which are
overly susceptible to fire or contain poisonous compounds.

RECOVERY FROM PERTURBATIONS

Natural vegetational succession and recovery of soils in
alpine areas is very slow. Some perturbations are so severe as to
eliminate the possiblility of recovery entirely because of the complete
destruction of soil. Examples can be seen seen in all high mountain
regions, but the introduction of hooved animals into the mountains
of New Zealand (where they had not existed before) caused such severe
erosional damage that original ecosystems have literally gone down-hill,
and only rubble and rock are left. The moral, of course, is not to
let the situation in regard to carrying capacity get so far out of
line before doing something about it. If closed to use before the
soil is gone, there are species in the native "climax" vegetation
which can act as pioneers in natural revegetation or succession.
Such a process will take time, but it will work if initiated before
severe soil changes occur.

Man-aided revegetation can speed up the process of plant
succession in alpine and subalpine sites. But, it must be remembered
that revegetation is not equivalent to total ecosystem recovery.

For this it is necessary to restore the environment and biological
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community, including decomposers, into a functional alpine ecosystem
with adapted species at each trophic level.

How does this get done? 1T do not have the answers; you may.
Certainly, site preparation including contouring, and restoration of
nutrients is the place to start. Then, I would strongly advise
using mixtures of native piloneer alpine species of plants, including
mosses, rather than short-lived introduced species for planting. If
wide-ranging alpine species are to be used, it would be wise to try
to obtain seeds or sods of those ecotypes from the region in which
the work is being done. I would even go so far as to suggest those
species and ecotypes that best fit the various segments of the local
elevational and mesotopographic gradients. In other words, there is
not one kind of alpine adaptation among plant species, but many. This
array is due to the complex selective screen provided by the over-
lapping high mountain environmental gradients.

To restore alpine and subalpine ecosystems, then, one must
know the genetic, physiologic, and ecologic characteristics of the
native species in their native ecosystems. This not only includes
plants (vascular and non-vascular) and animals in the grazing food
chain but algae, fungi, bacteria, and animals (invertebrate and
vertebrate) of the detrital food chain, and those involved in
nutrient cycling. All of this will require research and the money
to support it.

In the restoration of alpine ecosystems, we must realize
that after a rather long period of protection from people, the
are eventually going to be used again by people. Such renewed
systems must be used rationally in the future so that their integrity
can be maintained. This can be done by making small compromises in
time, space, and use. These compromises will have to depend upon
a knowledge of the particular alpine ecosystem in question. As
Jerneloi and Rosenberg (1976) conclude: "Ecosystem stress—tolerance
should be made a top priority in ecological research." 1In quantitative
terms, we know little of such stress-~tolerance in mountain systems,
but in qualitative terms the low stress~tolerance to man in such
systems is readily apparent.
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DISCUSSION

WILLARD: What do we know about the effects of fertilizer on the
growth of alpine plants; the need for fertilization? ‘

BILLINGS: We know very little. We know a great deal more in the
Arctic than in the alpine vegetation. Much of the work in this area
of research has been done by Terry Chapin and Gus Shaver.

QUESTION: What kind of soil information do you have along the
Cordillera?

BILLINGS: We are looking into the effect of unusual substrates such
as dolomite and agidesite. There needs to be more work on the influence
of geologic substrates.



PROBLEMS IN THE IDENTIFICATION OF THREATENED
AND ENDANGERED PLANT SPECIES

D. L. Buckner
Boulder, Colorado

INTRODUCTION

The purpose of this paper is not to provide details on physi-
cally identifying particular threatened or endangered plants, but
rather to discuss the philosophy and principles by which it can be
decided whether and how rare plants should be regarded as deserving
of protection. In this discussion, the term "endangered" will mean
simply "in danger of extinction," except as specifically indicated.
"Threatened" will mean '"likely to become endangered in the foresee-
able future."

VALUE OF RARE PLANTS

What then is the point of being concerned with rare plants?
There is, for many people, an aesthetic value attached to many of our
rare native plants, though often they are not showy. There is also an
aesthetic value in the minds of many in maintaining our native flora
as intact as possible because it represents an inheritance of consi-
derable antiquity. Perhaps the most commonly cited reason for the
preservation of rare plants is their value as a genetic resource.
This is a persuasive reason because the loss of unique genetic material
is irrevocable and removes an alternative in the future when that
genetic resource may have been of value to man. Of what conceivable
value could the very rare plants ever be to human needs of the future?
Occasionally cited along these lines are potential values as food or
medicinal crops or as genetic material for the development of such
plants. These uses are perhaps relatively unlikely for most of our
rare western plants. Probably the single most important potential
use of the genetic resources of the rare plants of our region will
stem from the interests of people such as those who are concerned
with revegetation. Since many of the rare plants grow in extreme
sites, the potential value of their fitness on disturbed sites is
very high. 1In the interest of keeping all alternatives open in the
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development of revegetation science, it is obvious that as much as
possible of the genetic variety of our native flora should be pre-
served.

APPROACHES TO PRESERVATION OF UNIQUE PLANTS

If it is then desirable to preserve the rare plants, how do we
determine which plants are truly endangered and, thus, in need of
protection? At this point, it may be useful to compare the situation
of threatened and endangered animals with rare plants. In general,
consideration of threatened and endangered animals entered the public
consciousness and the legal statutes before similar consideration .
for plants (Melville 1970). A great many of the animals on Threatened
or Endangered lists compiled by governmental agencies were once wide-
spread and have been brought to the brink of extinction by direct
or indirect human destruction of the organisms themselves, their prey,
and/or critical parts of their habitat. In general, most of the very
rare plants of the western U.S. have probably been very restricted in
their distribution since a time predating the presence of our culture.
0f course, many animal species have long had restricted distributions
and some plant species such as the Tulip Gentian Eustoma grandiflorum,
or, more famously, the Yellow Lady Slipper Orchid, Cypripedium
calceolus, have been reduced from much more widespread occurrence.
However, as a rule, inherently restricted distribution has charac-
terized our rare plants, whereas the bulk of threatened or endangered
animals have distributions and numbers which have been greatly re-
duced in recent times. It should be noted that some plants that have
long had relatively restricted distributions have recently had them
restricted further through the effects of disease, horticultural
collection, grazing, or destruction of their habitat.

What principles should be used in determining which plants merit
endangered status? Perhaps the most conservative approach is to limit
designation to plants in danger of extinction over their entire known
range. This is essentially the approach used in compilation of lists
of proposed endangered plants by the U.S. Fish and Wildlife Service.
Another approach is the inclusion of locally rare disjunct plants.

An example of this in Colorado is Rhododendron albiflorum in the Park
Range; this plant is indeed rare in Colorado but is much more wide-
spread in the Pacific Northwest. An even more liberal interpretation
of endangered status could allow inclusion of plant populations at the
edge of a relatively large range if it can be shown that the range is
being reduced. .

Both these latter approaches extend the concept of protecting
rare plants from protecting a species world- or nation-wide to
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protection within a smaller geographic unit. Protecting disjunct
or marginal populations may be unnecessary if the species is well-
established elsewhere and the goal 1s preservation of the species,
per se. However, if the purpose of the protection is the preserva-
tion of genetic variability, then preservation of marginal or dis-
junct populations is well-founded. Such populations are frequently
those with genetic makeup differing from the central part of the
species range because of adaptation to environments at the extreme
of the ecological amplitude of the species.

Another potentially valuable approach may be the preservation
of plants rare within political boundaries such as states or even
smaller units. This type of approach could find support in locations
where the populace had acquired a sense of pride and/or responsibility
for the unique botanic features that political unit may have inherited.
In this manner, for example, plants such as Rhododendror. albiflorum,
Trillium ovatum, or many other rare plants in the Park Range of
Colorado which are disjuncts from the Pacific Northwest could be
protected. Under Federal rules, these plants could not be listed as
Endangered or Threatened because they are not so rare in all parts
of their range of occurrence. Yet, they represent a unique botanic
feature which may be important to the people of Colorado.

In further consideration of the criteria for the identification
of imperiled plants, some attention should be given to those plants
which are not yet extremely rare but which, because of over-exploitation,
have experienced great reductions in populations and face further re-—
duction. These plants include those showy plants of horticultural
interest such as cactl and orchids which have been collected in large
quantities by private and commercial collectors as well as people
casually picking flowers. - Under the classification used by the Inter-
national Union for Conservation of Nature and Natural Resources (IUCN),
these plants would be placed in the '"Depleted” category, meaning that
the "species is sufficiently abundant for survival, but is in decline
as a result of natural causes or human activity" (Melville 1970). As
human populations in this region increase, pressures on horticulturally
interesting plants will only increase. TFor aesthetic as well as
scientific reasons, these plants may deserve protection along with
rarer plants.

VALIDITY OF TAXONOMIC UNITS IN GENETIC PRESERVATION

There is another matter crucial .to the establishment of a truly
useful system for recognizing and protecting endangered plants. This
is the matter of the plant units to be addressed in the system. Very
often, "endangered species" are actually sub-specific units, that is,
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subspecies or varieties. This technicality is not of great importance
except that, as one passes below the species level, disagreement among
experts on the taxonomic validity of the units increases. This means
that one man's subspecies or variety may be another man's unnamed forma
or not regarded as a separate unit at all. In some cases, taxa estab-
lished from one or a very few localized collections and never col-
lected again may cause controversy as to whether they were valid taxa
or were sterile forms or were within the natural variability of a
higher taxonomic unit. Such disagreements are doubtless confusing

to legislators and agency administrators charged with arranging for
the protection of endangered plants.

This brings up the question of whether current taxonomic units
are an adequate base from which the goal of genetic preservation can
be conscientiously reached. While the morphological characteristics
underlying traditional plant taxonomy do usually reflect genetic
differences, other genetic differences correlating with differing
ecological conditions are found within species and are referred to
as ecotypes. Ecotypes have different physiological potentials that
are often not accompanied by sufficient morphological differences to
merit taxonomic separation. Dr. W. D. Billings has been responsible
for much of the work demonstrating the nature of ecotypic variation
in arctic and alpine plants. His work along with that of other plant
ecologists, plant physiologists, and geneticists has demonstrated
that significant variations in site adaptation can exist within a
taxonomic species. The genetic variation of ecotypes could be of
particular importance in the development of species adapted to high
altitude disturbed sites, such as is currently being pursued by Dr.
Robin Cuany of Colorado State University and others. It is suggested,
then, that a useful system for the preservation of rare plant genetic
resources should include a means of incorporating accumulated know-
ledge of restricted ecotypes and protecting them, even though they
may be regarded as parts of wide-spread and non-endangered species.

CURRENT EFFORTS IN RARE PLANT PROTECTION

What is the current state of affairs regarding threatened and
endangered plants in Colorado? At the Federal level, there has been a
list published including plant taxa proposed for Endangered status.
This 1list (U.S. Fish and Wildlife Service 1976) includes 32 plant taxa
with known distributions in Colorado. There has been no official
proposed list of threatened species; however, on the original list
(designated a "Review of Status") which was generated by the Smith-
sonian Institution for the U.S. Fish and Wildlife Service (1975),
fifteen additional plant taxa with known distributions in Colorado
were listed as Threatened. At present, there are no officially
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designated Endangered or Threatened species in Colorado or any ad-
jacent states.

At the state level in Colorado, there are no officially recog-
nized threatened or endangered plants either, although the state
flower, Aquilegia caerulea, does have some legal protection. The
recently formed Colorado Native Plant Society is in the process of
producing a list of plant taxa which they consider to be endangered
or threatened. This list is based largely on information present in
a checklist of Colorado plants produced by the University of Colorado
Museum (Weber and Johnston 1976). The criteria used in selecting
plants for the C.U. Museum list were more liberal than those used in
making the Federal lists. Thus, about 146 taxa are regarded as endan-
gered and 418 taxa are regarded as rare (more or less equivalent to
"threatened").

Although no official list of endangered plants exists for the
State of Colorado yet, the means for protecting them through identi-
fication and protection of critical habitat does exist within the pro-
visions of the Colorado Natural Areas Act, passed into law last year
and administered through a Natural Areas Council under the Department
of Natural Resources.

Finally, let me turn briefly to problems I see in implementing
programs for the protection of rare plants in the field. First of all,
establishing the exact ranges of many of these plants will be difficult
because of the lack of existing information and the difficulty of iden~
tifying some of these plants. Botanists with experience sufficient to
identify the more obscure plants are relatively few in this region.
Information concerning the precise distributions of our rare plants
will accumulate slowly; the rate of accumulation may well relate
directly to the rate of development of advanced amateur botanists.

Once localities have been determined, there is often a very
real dilemma at hand regarding how many people should know exactly
where a rare plant grows. The dangers of unscrupulous exploitation
by collectors may be great if precise localities are publicized. Many
of our rare plants are found in remote areas where future development
is highly unlikely. In these cases, it may be that by involving the
rare plant in a program intended to protect 1it, and consequently
directing public attention toward it, the plant may face far greater
endangerment than it ever would had no one ever tried to protect it.

On the other hand, protecting most truly endangered plants
is likely to be simpler than protecting many endangered animals
because the needs of animals are typically more complex due to their
mobility and higher position in the food chain. Often they are
critically dependent on large scale environmental factors which may
already have been greatly altered. Because endangered plants are so
restricted, preserving them is not an extensive obstacle to human
developments (Jenkins 1975).
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CONCLUSION

In conclusion, there is benefit to be realized from the con-
tinued existence of rare populations of plants with unique genetic
variations, especlally those adapted to extreme sites, whether or not
this is reflected in taxonomic status. Attempts to protect these
resources should include an inventory and a thorough investigation of
their distributions, but may best succeed by doing little else ex-
cept as actual endangerment of individual populations becomes ap-
parent, necessitating legislative or administrative action.

Although I have not spoken as an official representative, let
me encourage anyone interested in the native flora of Colorado to
become involved with the Colorado Native Plant Society. This group
is concerned not only with endangered and threatened plants but
also with the use of native plant materials in horticulture and land
rehabilitation and the general furthering of the appreciation of and,
when necessary, the protection of our native flora. Membership infor-
mation can be obtained by contacting Sue Martin, Membership Chairman,
Coloradec Native Plant Society, 4700 Venturi Lane, Fort Collins,
Colorado 80521.

LITERATURE CITED

Jenkins, R. E. 1975. Endangered plant species: A soluble ecological
problem. The Nature Conservancy News 25:20-21.

Melville, R. 1970. Plant conservation and the Red Book. Biological
Conservation 2:185~188.

U.S. Fish and Wildlife Service. 1975. Threatened or Endangered Fauna
or Flora: Review of Status of Vascular Plants and Determination
of "Critical Habitat." Federal Register 40:27824-27924.

U.S. Fish and Wildlife Service. 1976. Endangered and Threatened
Wildlife and Plants: Proposed Endangered Status for Some 1700
~ U.S. Vascular Plant Taxa. Federal Register 41:24524-24572.

Weber, W. A. and B. C. Johnston. 1976. Natural History Inventory of
Colorado. I. Vascular Plants, Lichens, and Bryophytes.
University of Colorado Museum, Boulder.



DISCUSSION: BILLINGS, BUCKNER, McCALL

PECKA: How might the state plan and organize development so that it
occurs in an orderly manner? What type of time table do we need to
follow to be adequately prepared?

BILLINGS: We need an inventory of ecosystems now before they become
over-stressed. Once an ecosystem is over-stressed, it rapidly deterio-
rates. We need to know at what point the ecosystem becomes stressed.

BUCKNER: We are already behind in our inventory process and need an
integrated inventory process,

MeCALL: From the government view point, we try to coordinate with
other state agencies involved in the reclamation review process~--
water quality, water resources, air pollution, wildlife. If an appli-
cant's activities will affect these areas, we try to have him present
his application to all agencies involved. In this way the agencies
involved can collectively and consistantly work with the applicant.

In Montana, the state sent out a questionnaire on the state's future.
In which direction should the state administrators lead the state?
Inventories are needed on natural resource carrying capacities.

WILLARD: Does the Colorado reclamation act call for inventory of
ecosystems?

McCALL: 1 don't believe that the reclamation act calls for the op-
erator to inventory these areas. Rare and endangered animals have
been considered. 1 think that the Mined Land Reclamation Board would
be willing to consult and work with groups interested in the plant
systems, too.

MARR: Does the endangered species act require protection of habitats
outside those which contain endangered species?

BUCKNER: To my knowledge it does not. A pending federal law (the
diversity act) is directed towards identification of unique ecosystems
or habitats and is similar to the Colorado Natural areas act.

BILLINGS: The fundamental unit of preservation may not be at the
species level, but at the ecosystem level. If certain ecosystems

are rare or unusual, then the whole ecosystem including the edaphic
environment, the topographic environment, and the biological environ-
ment need to be preserved as a whole, If you change a part, then the
whole system may disintegrate.
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COMMENT: The U. S. Fish and Wildlife Service is preparing a flora
of threatened and endangered species. :

BILLINGS: The preservation of ecotypes from individual areas is also
necessary. The germplasm of such ecotypes is important for applica-
tion to revegetation. ’



RECLAMATION: A POLITICAL VIEW

J. 0. Horton
Horton and Compary, Inc.
Washington, D. C.

I thought it would be appropriate to approach the field of
reclamation from a political and historical perspective. Revegeta-
tion, of course, is the crossroads of the environmental movement,
requiring by definition a disturbance of the natural environment
and a program of repair. However, the reclamation movement in the
western states had a curious and far different beginning. I suspect
that John Wesley Powell, as much as any man, was responsible for its
start. He pointed out the great potential of the Colorado River for
agriculture, the rivers for commerce and the deserts for oases of
economlic and social growth. Reclamation in this historic sense came
to us with reverse English. It meant the process of altering a
natural landscape by impoundments, diversions and the leveling of
land to create an economic and settlement opportunity for immigrants.
The Bureau of Reclamation not only symbolizes this historic definition,
but, indeed was created in 1902, as you recall, to generate it. 1In a
peculiar sense one can argue that the very success of the philosophy
of old-time reclamation--the alteration of nature for economic and
settlement benefits--gave rise to the movements in the sixties and
the seventies to curtail it.

The meaning of reclamation today is an outgrowth of, or a
reaction to, the anti-reclamation movement. Instead of seeking to
alter nature for economic gain, to which it seems to me the pioneers
quite justifiably subscribed, reclamation today has become the move-
ment to repair change wrought by man upon the land. The reverse of
the earlier definition, modern reclamation is a movement to return
land to its natural setting--to move the pendulum from economic value
to environmental integrity of the natural landscape.

Now I confess to having, by circumstance and appointment, a foot
in both camps. My grandfather came west at the turn of the century
about the time the formal reclamation program was gaining steam: when
economic units were assembled from the public lands. Our living
today in northern Wyoming is dependent upon the use of diverted,
though not impounded, waters for the production of alfalfa and native
hay. .
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My responsibilities in the Department of the Interior included
both the Bureau of Reclamation, then still defending, if not always
successfully, the old reclamation ethic, and the Bureau of Land
Management (BLM), then in the early stages of developing a new con-
cept. I suppose the demise of the old definition was best noted in
my office when in the early months following my appointment, the
Bureau of Reclamation asked for an ad hoc meeting to brief me on the
reclamation mission. They started the briefing by thanking me for
the opportunity to present an "odd hack" briefing on the substance
of their program.

My first year in Interior was in 1969 as a staffer to the Under
Secretary Russell Train. This was the year that the National Environ-
mental Policy Act was passed. It was also the year that the BLM
completed a study indicating that although the rate of leasing
Federal coal lands, measured in acres, had risen dramatically in
the sixties, the rate of production had fallen rapidly. Let me use
this program to illustrate the changing policies of reclamation in
the late sixties and early seventies.

Because of the imbalance between rising acreages and declining
production of Federal coal, the BLM informally stopped issuing coal
leases in 1970 and '71. 1In 1972 a formal moratorium was imposed by
Secretary Rogers C. B. Morton to assure that fair market value was
being obtained and, most notably, to examine and upgrade the environ-
mental stipulations required in a federal coal lease. Simultaneously,
efforts were underway in the Congress to draft and promote the strip
mine legislation which would require, as a condition of all coal
mining, that the lands be reclaimed and revegetated. Although the
Federal Energy Administration opposed this initiative with the even-—
tual concurrence of the White House, the Interior Department under
Mr. Morton strongly supported this national legislation. That support
was based upon two broad principles: ethically, because the legis-—
lation reflected changing views of land as a resource to protect, as
well as, a commodity to usey and, politically, because national
legislation was necessary to guarantee against another Appalachia
from happening in the West and to compromise between the economic
and environmental interests in the nation.

It seems probable to me that the Interior argument would have
prevailed if the bill in Congress had not been "Christmas treed"
with issues and provisions neither essential nor germane to reclama-
tion proper. These provisions established mineral institutes at all
state universities, the expense of which the Office of Management
and Budget opposed, and citizen suits, which the Justice Department
opposed.

The failure of our voice in Interior to influence the posture
of the Administration stimulated Secretary Morton to establish in
1974 an internal task force to develop a set of reclamation standards
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for application to the public lands under the BLM. These are the
present BLM 3041 and the Geological Society 211 regulations that were
published in 1976. These are now in the process of revision in order
to comply with the Surface Mining Act. These BLM regulations require
that what was eventually written into the strip mine bill for all
lands: returning mined land to approximate original contour, setting
aside topsoil, preventing acid mine drainage, requiring revegetation
with native grasses, requiring irrigation, establishing the duration
of liability and bonding.

The most original of its provisions was the opportunity for
states to assume responsibility for the mining of Federal lands.
The state must adopt as a minimum the Federal standards and demon-
strate an effective administrative program to enforce them in order
to assume responsibility. This provision was intensively opposed by
the hierarchy of the BLM, who would loose bureaucratic turf, and by
environmental groups who thought that the states would be more per-
missive in their administration and enforcement of the standards.
We believed, to the contrary, that the people who would be the most
vigilant in the protection of environmental values on the public
lands would be those closest and most immediately affected. We
hoped to avoid duplication of administrations between Federal and
state permitting authorities. Those of us involved with the devel-
opment of these reclamation stipulations were, I suppose, modestly
pleased to see that the heart of the strip mine bill, passed in 1977
by the Congress, was built around, and in many instances, contained
nearly verbatum our early Interior requirements.

There were, of course, important differences, both in provision
and in language. The approach to alluvial valleys is a case in point.
Our language called for the protection of the hydrological regime by
the best commercially available technology. An approach that was as
unpopular with the mining industry as it was with environmental groups.
The Interior regulations called for the designation of lands to be
withdrawn from mining with special emphasis being given to agricul-
ture in alluvial valleys. There was not an absolute prohibition of
mining in alluvial valleys; the burden of proof was the applicant's
to demonstrate that the hydrologic regime could be protected. They
did not, as the strip mine bill does, allow for the declaration by
the land owner that stripping would not cause more than minimal dis-
ruption of his agricultural operations. Such a declaration will make
alluvial valley mining much easier for companies who have reached
consent agreements with surface owners. The Interior regulations,
also, did not allow for trade-offs of alluvial valley coal rights to
other areas of the public lands. This was, however, strictly pro-
hibited by the amendments to the coal leasing bill of 1976 which
specifically precludes such trade-offs.

It remains an open and fundamental question as to whether
trade-offs as provided for in the strip mine bill will ever work for
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two reasons. One is the appraising difficulties of demonstrating
equivalency of value of the two tracts of land. The second is the
certain litigation that will ensue from either industrial interests
who might themselves desire the coal being traded for or from

public interest groups who might oppose the development of either
coal site. The "trade-off" provision, I regret to suggest, should
be regarded as only a temporary political solution necessary to
getting the bill passed. No professional I know believes that within
our lifetime there will be a successful application of it on the
ground. Thus, it becomes for those land owners holding subsurface
rights in alluvial valleys a cruel and tantalizing mirage--promising
the realization of the economic values of his property rights by
trade-offs, but without the mechanics to accomplish it.

Despite the uncertainty of the trade-off provision of the
Surface Mining Bill, it does not change the historic significance of
its passage. The coal mining in this country shall be encouraged
but only if the land is repalred and revegetated. Economic and
environmental interests have been balanced as indicated by the pub-
lic utterances of dissatisfaction from both industry and environ-
mental groups on its passage. But, its effectiveness has still to be
demonstrated in the field. Whether it becomes a mechanism for solving
environmental problems or side-stepping them is a matter of two
things: the regulations themselves, and the officials who undertake
to implement them. The human element is a most significant consi-
deration. - The regional director of the Office of Surface Mining
(as yet unselected) will have enormous influence over how the program
is administered in the field. His guidance over what constitutes
satisfactory compliance of, for example, approximate original con-
tour will provide the proof of the pudding.

My intent was to discuss that elusive balance between develop-
ment and protection with application to western coal. As I have
thought upon that balance it has become evident that there is no
prescription of forumla for that determination. Because the players
and their institutions change over time, as does public opinion, which
is indispensible to influencing both, the balance must be drawn in a
different place for each action and each time. What seems self-
evident to me is that the pendulum in this decade vibrates as much
for environmental causes as for economic--a sign of the maturity of
this country. The days and the philosophies of J. W. Powell were
justified and necessary for the westward expansion and manifest
destiny of this country. Equally necessary and inevitable was the
growth of the environmental movement.

The only sure prediction is that the success and persuasiveness
of any movement guarantees the advent of its counterbalance. It is
probable, for example, that over zealous enforcement by the Office
of Surface Mining to the point of extending the intent of the Congress
will guarantee support for political forces working in the opposite
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direction. The counterbalance will push the pendulum to a different
point.

The one common and essential element is the dedication and
the integrity of the people involved. Their perspectives span both
sides as is necessary to this country. This is why I believe this
workshop is so critical because you exist at the hub of the contro-
versy and necessarily reach to both sides. You, therefore, must be
pragmaticists as well as idealists--knowing that we must continue
to insist upon a better environment as a matter of principle, but
that, for many Americans ourselves included, a better environment
means jobs and minerals. It seems to me that this understanding of
the balance between development and protection is very critical
to both the proper recognition and the proper solution of the re-
clamation problems.



THE ROLE OF ENVIRONMENTAL CONSULTANTS
IN RECLAMATION

R. T. Moore
Ecology Consultants, Inc.
Fort Collins, Colorado

In order to clarify the various services that environmental
consulting firms can provide for reclamation efforts, let me first
present my conceptual analysis of reclamation itself. Reclamation,
like most other planned operations can be broken down into a number
of discrete steps along with the operation generating the need for
reclamation.

As we look at a breakdown of these process stages, keep in
mind that the primary function of an environmental consultant is
to complement the capabilities and staff of his client. This may be
done by either providing highly specialized capabilities not present
on the client's staff or by providing additional manpower more ef-
ficiently than can be done with the client's personnel.

First, I would like to illustrate the various major phases
of an industrial development requiring reclamation efforts (Figure 1).
It should be noted here that although reclamation efforts are typi-
cally conducted at the end of the operations on a given site, the
whole reclamation program must be planned along with the overall
operation. Thus, reclamation planning should be a component of the
Major Process Plamning and plans developed there should be revised as
necessary during the Secondary Planning stage. In short, successful
reclamation doesn't just happen; it is carefully planned.

STEPS IN RECLAMATION PLANNING.

Now let's turn our attention to the steps in reclamation
planning and implementation (Figure 2). The first major task, and
one that is too frequently neglected, is to thoroughly characterize
and understand the disturbances which must be reclaimed. Many of
the past failures in reclamation efforts have resulted from attempts
to apply the same set of reclamation procedures to all types of
reclamation problems. Thus, it is imperative that any reclamation
planning be based on a thorough understanding of the operation
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generating the disturbance; the constraints imposed by local climato-
logy, soils, and faunal populations; and requirements or priorities
imposed by governmental regulations, local social needs, and general
economics.

Once these various factors are understood, it is possible to
establish reclamation objectives for the area. Work to reach this
stage is best done jointly by the operating company and its consul-
tants. Certainly, the consultants are seldom in a position to fully
appreciate the operating and economic constraints of the client, and
conversely, the operating company frequently lacks a thorough per-
ception of the physical and biological constraints. Thus, the coopera-
tive effort helps '‘Insure adequate consideration of all pertinent
factors.

The next major task, selection of appropriate reclamation tech-
niques, is one of the areas where consultants have historically
played an important role. With the operating company defining the
availability of equipment and personnel, the consultants are commonly
asked to recommend optimal techniques to insure rapid, efficient
reclamation. In order to provide this service, the consultants must
be familiar with the literature, ongoing research, personnel involved
in reclamation efforts on similar areas, and the relative cost versus
success relationship of various techniques. Some techniques may
automatically be excluded on a given project because they aren't
appropriate under specific conditions. More often, however, a
variety of procedures are technically feasible with selection being
necessary on the basis of efficiency and availability.

Preparation of a Detailed Plan

Once the appropriate array of reclamation techniques are
selected, a comprehensive plan should be prepared which clearly
describes the procedures to be used, the rationale for their selec-
tion, the availability or source of materials, the criteria for
determining reclamation success, and contingency procedures for
corrective measures if necessary. This plan should contain suffi-
cient detail to allow evaluation by both reviewing agency personnel
and concerned laymen.

Unless the operating company has well qualified personnel in
the reclamation field, preparation of the detailed plan is probably
more conveniently done by the consultant with input and review from
the client. If this approach is taken, however, sufficient inter-
action must occur to allow both parties to be satisfied with the
plan, since they will both likely be involved in defending it before
the reviewing agencies. Too often, consultants are hired and work
performed without the client having a thorough understanding of the
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product he receives. In many such cases, both the operating company
and the consultant end up embarrassed during a critical review. It
is imperative that the consultant and client have good communication
channels and thoroughly understand what the: other is doing.

After the detailed plan has been approved within the organiza-
tion of the operating company, it is submitted to the reviewing
agency. In the case of surface mine reclamation, the reclamation
‘plan is normally submitted along with the mining plan.

Surface mining companies are frequently reluctant to submit a
thoroughly detailed reclamation plan, as discussed here, to a reviewing
agency. Because of the long life of a given mine, it is undesirable
at the outset to become locked into approaches and techniques that
may soon be outdated. This is an understandable concern, especially
in states where the revision of a mining or reclamation plan entails
numerous reviews and approvals. 1In such cases it is much simpler
to submit a reclamation plan covering only the general procedures
and required information. This, however, does not justify the absence
of a detailed plan. Even if not submitted to a reviewing agency,
the operating company should prepare a comprehensive plan for its in-
ternal planning and later reference. With the high level of personnel
turnover within many companies, this is one way of insuring consis-
tency in the reclamation program for a long term operation.

Revegetation

Mining operations or other land disturbances most commonly can-
not commence until the reclamation plan is approved by the appro-:
priate agency. Since reclamation considerations often have bearing
on how the site is disturbed in the first place, site preparation for
reclamation actually begins with the first turning of earth. Depending
on the duration and timing of the operation, it may also be necessary
to begin procuring seed, seedling stock, and other reclamatio? supplies
at this point., Procurement of seed for some species may requilre a.year
or two-year delay from the initial procurement decision., Here again,
the environmental consultant may be of benefit in locating sources or
performing collection services.

The earth moving and revegetation activities are quite straight
forward and normally performed by the operating company itself. In
the case of unusual or complex reclamation procedures, however, addi-
tional field supervision may be necessary. This may be provided by
either the reclamation staff of the operating company or by the con-
sultant.

Following revegetation, the area should be inspected periodi-
cally to insure that reclamation is successful. Again, this service
may or may not be assigned to a consultant depending on the client's
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staff capabilities. While the approach for obtaining personnel to
perform this evaluation may change from time to time, the criteria
for making the evaluation must remain stable and should be estab-

lished in the original detailed reclamation plan.

SELECTING A CONSULTANT

In these various steps of the reclamation process the environ—
mental consultant serves a variety of roles, including:

collector and compiler of data and literature
coordinator of applications and reports
reviewer of preliminary operating plans
liason with technical agency personnel
"impartial" observer and technical evaluator

expert witness

If these are the services expected of the consultant, how
does one go about selecting a consultant? The first thing that
should be done is to decide exactly what services the consultant will
have to provide. For example, is it a question of high technical
expertise, or manpower, or both that is involved? On the basis of
this decision, one can look at consulting companies in terms of their
expertise in specific areas and their manpower available. One should
also attempt to determine exactly who of the consultant's staff
would be assigned to the job. Expert capabilities of a consultant
are of no benefit to a client if they aren't involved on his job.
The client should also examine the prospective consultant's managerial
experience on similar projects and evaluate his "track record."

In some cases the client may not know what services the consul-
tant will have to provide because of unknowns within the operation
planning process. 1In this case the client should also evaluate
potential consultants on their ability and experience in developing
realistic programs.

While the summary has covered the principle roles of consul~-
tants in the reclamation process, there are innumerable other tasks
which consultants may perform. The variety of assignments is only
limited by the variety of capabilities represented by individuals
in the consulting field. 1In general, where some operating company
has a need, one or more of the consulting firms will develop the staff
capabilities to handle it.



A REGIONAL PERSPECTIVE ON LAND
RECLAMATION ECONOMICS

J. K. LaFevers
Argonne National Laboratory
Argonne, Illinois

INTRODUCTION

The purpose of this paper is to examine some of the factors
responsible for variations in reclamation costs and benefits, and to
emphasize the significance of economic factors and alternative philo-
sophies to reclamation planning. Actual reclamation cost and benefit
data are of great significance to the reclamation program at the site
to which they are applicable, and a number of specific cases are ex-
amined in this paper. It is recognized that site-specific data often
have applicability in the planning of other similar operations and are
often used in defense of various reclamation economic philosophies
(theoretical approaches to such questions as, "How much should reason-
ably be spent on a reclamation program?” '"Who will pay for the re-
clamation?", and "How will it be paid?"). The applicability of these
data is limited, however, and may be misleading when extrapolating to
sites in other regions, to different types of mining operations in
similar regions or the same region, or to any site being reclaimed
for a different use. The examples given in this paper were chosen
for their diversity in order to illustrate the range of costs and op-
portunities that may be encountered in land reclamation planning.

Despite the technological advances realized in recent years, land
reclamation must still generally be considered to be experimental.
Current reclamation practices at best result in satisficer conditions.
The processes of topsoil removal and replacement, overburden recon-
touring, and revegetation cannot reproduce pre-mine subsurface physical
conditions. As yet, the overall impacts of mining and reclamation
on hydrologic conditions and soils ecosystems are unknown , Nor has
the long range productivity of reclaimed soils in prime agricultural
areas been demonstrated (Doyle, 1976). The fact that the federal
government is spending more than $453 million annually on over 2500
energy related environment and safety programs, with 107 of these
projects ($20.8 million) related directly to coal land reclamation
issues reflects that for any type of surface mining, many reclamation
problems still exist (LaFevers and Imhoff, 1977). Not the least of
these problems are the economics issues, which are considerably .

36



Reclamation Economics 37

complicated by the fact that no universally accepted definition of

the term "reclamation" or any alternative term presently exists.

No matter how much resources (capital or otherwise) are expended, there-
fore, it may not be possible to determine whether an area is acutally
"reclaimed." Two 1977 reports state, for example, that in Colorado

and North Dakota almost no mined areas had been released from reclama-
tion bonding requirements since the enactment of their reclamation

laws in 1972 and 1970, respectively (Rold, 1977 and LaFevers, Johnson
ard Dvorak, 1977). 1In other states where land has been released from
bond, there is often criticism that the land is not completely re-
claimed. This controversy exists at least in part because of the very
weak definitions of reclamation written into the existing reclamation
laws (for a discussion of the way this definition is handled in various
states, see LaFevers, 1977, Carter, et ql ., 1974, and Imhoff, et al. ,
1976) .

In addition to the federal government, forty states have reclama-
tion laws that dictate minimum standards which, under most circum-
stances, must be met or exceeded. This indicates that the citizens of
these states want to have a role in the reclamation of their land and
that they are willing to pay the price for that reclamation (even
though they do not know what the price will be). Alternatively, the
thought may prevail that they will be paying a higher price in social
and opportunity costs for not reclaiming, or that consumers in other
states will ultimately pay for the reclamation through higher com-
modity prices.

Considering that some of the reclamation cost may be recovered
by the mine operator through increased land value, sale of products,
public relations values, etc., there are at least two basic philoso-
phies concerning the theoretical maximum that should be spent on
reclamation. One of these philosophies, described by Leaming (1977),
is that the inputs to reclamation should not exceed the value of the
land after reclamation plus a differential to account for direct
public interest in the reuse of the site. Leaming states, for
example, that "the expenditure of $2,000 per acre to put land into a
condition in which it is worth only $500 per acre on the land market,
is a misallocation of $1,500 worth of other resources just as much as
spending $2,000 to make a $500 motorcycle." The premise is that since
only $500 could be recovered, and the public will eventually have to
pay the remaining $1,500 in increased commodity prices, perhaps the
excess could be more profitably spent on social programs to aid local
residents. In addition, if "excessive" reclamation costs have to be
added to the price of the commodity, the competitive position of that
industry in the commodity market is worsened. In the case of coal,
for example, reclamation costs can often be the most significant fac-
tor in determining whether the mined product will be competitive not
only with coal from other regions, but also with other energy sources.
The same is true of copper, which must compete with other metals for
portions of the same market, and of most other mineral commodities.
The other philosophy is that if the land is to be mined, it must be
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reclaimed completely regardless of the cost and no matter how it is
paid for or by whom. The premise here is that the value of the mineral
that can be recovered must be sufficient to pay the reclamation costs
in addition to the mining and processing costs or the mineral should
not be mined at all.

A compromise philosophy has been adopted as the basis for re-
clamation laws. 1In this thesis, an acceptable minimum level of
reclamation is established, often by rather arbitrary criteria, and
operators are required to meet or exceed these standards regardless
of the cost. In most cases, however, if a standard can be shown to
cause an unreasonable hardship in a particular case, provisions are
made for the granting of a variance (the "doctrine of reasonableness"
referred to by Imhoff, et al., 1976). 1In some cases it is recognized
that pre-mining conditions may not be the optimum conditions for the
post-mining landscape. 1In P.L. 95-87, for example, provisions are made
for the mining company to check with local planners to see if a reclama-
tion plan conforms with existing land use plans and policies. At the
same time, the possibility exists that alternative uses will be iden-
tified that may be of more value to the local community. thus increasing
the value of the reclaimed site (LaFevers and Imhoff, 1977).

RECLAMATION COSTS

The estimation of reclamation costs is usually a very difficult
and imprecise process. Even for a single site, it is an unmanageable
task to list all the variables and quantify their relative effects on
the overall cost of a reclamation program. Since cost data are often
considered proprietary, many companies are not willing to provide
access to them. When access is provided, the data are often incom-
plete because mine operators do not, as a rule, separate reclamation
costs from extraction costs in the detail necessary for accurate overall
estimations. It may occur, for example, that a dragline operator, whose
primary task is excavation, will be directed to selectively place some
overburden materials in order to facilitate the reclamation process.

In such a case, a portion of the operating cost of the dragline should
be counted as a part of the total reclamation cost. The same is true
of any portion of the mine planning function that deliberately results
in a modification of the reclamation plan. Although mine planning and
reclamation planning should be integrated, often some costs relating

to both are compiled as mine planning costs. Legal fees and related
expenses are an example of costs that are difficult to isolate. 1In
many cases, the costs associated with obtaining data, completing forms,
filing plans, and providing public notice for reclamation operations
are difficult to separate from the costs relating to the same activi-
ties conducted for the extraction operation. Some costs that are not
usually quantified include the opportunity costs related to reclaiming
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land for specific uses. 1In some cases legal requirements make it
impossible to reclaim a site for certain uses. In such cases, pos-
sible added value is lost when the land is reclaimed for a less pro-
fitable use.

Further complicating the process of determining total costs is
that each mine operator has a different method of compiling and
reporting reclamation costs, and includes a slightly different set of
parameters in figuring totals. None of the mine operators or reclama-
tion personnel contacted during the conduct of recent programs could
isolate all the reclamation cost factors for a given mine precisely
enough to determine exact figures for reclamation separately from
other processes. In most cases, however, an examination of the
data made available by industry personnel, and published data gives
considerable insight into the approximate range of costs associated
with many reclamation practices.

Some of the factors through which reclamation costs are channeled
are shown in Figure 1. Several options are usually available through-
out the reclamation process and costs vary as these options are exer-
cised. Costs also vary in relation to physical and cultural factors
which may not be reflected in Figure 1. For any mining site, it is
probable that several feasible post-reclamation land use options ex-
ist. Each land use scenario will require a different set of inputs
during the reclamation program and will, therefore, have a different
total cost. Total inputs required to reclaim a site for cattle
grazing will be different than the total inputs required to reclaim
the same site for residential development. This principle is generally
true for all types of mining and for all regions,

EFFECTIVENESS OF RECLAMATION

The benefits directly related to a reclamation program are pro-
bably even more difficult to assess and quantify than are the costs.
One method of measuring program effectiveness is to inventory the
productivity and value of the land prior to mining and then compare the
productivity and value of the reclaimed site to the previously ex-
isting conditions. Thils is a most popular method, and one that is
sometimes espoused by envirommental advocacy groups and used as a
guideline in preparing state and federal reclamation laws. At least
eleven states and the Federal Office of Surface Mining currently have
"original contour" clauses in their reclamation laws, and seven re-
quire original, self-regenerative, or natural vegetation. Although
this concept allows for a standard against which to measure produc-
tivity of the reclaimed land, it almost completely precludes the bene-
fits that can be derived from reclamation planning and from reclamation
designed to create a landscape that will fulfill a specific land-use



40 LaFevers

l LEGAL }" IEQUIPMENT/CAPITALI F{ LABOR,
PERMIT FEES . MACHINERY ENGINEERING

:

[rRecLAMATION FEESH || EQUIPMENT OPERAA
TION
~{ OFFICE SUPPLIES] 75
[R_& D]

PUBLISHING MAINTENANCE SECRETARIAL
AXES ["“LE_@ . MANAGEMENT
EGAL AID | INTEREST CUSTODIAL)

h 4

$ INPUT

—§ PLANNING

: ¥

h -t

‘--ik-I. X i
RECONTOURING TOPSOIL WASTE ROCK v WATER QUALITY AND
MANAGEMENT] DISPOSAL HANDLING QUANTITY CONTROL

REMOVAL
STOCKPILING

REPLACEMENT
AMENDMENT

CRUSHIN

"% HOUSEKEEPING J

SILTATION STRUCTUR.E]
REMOVAL

HREFUSE_REMOVAL /BURIAL ]

_{STRUCTURAL FACILITIES]
REMOVAL

Py

REVEGETATION OPTIONS

FERTILIZING
IRRIGATING]

IR,
l}LAND USE OPTIONS~OPPORTUNITY COSTS

DIRECT OPPORTUNITY COSTé}

SOCIAL COSTS

y

$ OUTPUT

Figure 1.



Reclamation Economics 41

need of the local community or state. It has been demonstrated else-~
where, for example, that land reclaimed for exotic uses (i.e., recrea-
tional housing sites 'in a forested area, or farm community) can be
many times more valuable than unmined land in the same locale (LaFevers,
1974). It has not been demonstrated, on the other hand, that the con-
ditions in which unmined land currently exists is the best of all
possible conditions, and that it should, therefore, be returned to
that state. In many cases, of course, the original (pre-mining) land
use will be the most productive and the most feasible choice in a
reclamation plan. However, the opportunity to make that decision,
after consideration of alternatives, should not be denied.

As an alternative to these "™original conditions" concepts, one
might consider the reclaimed area relative to the conditions prevalent
after mining but before reclamation, rather than prior to mining.
After mining, the land might actually have a negative value, since a
debt is owed on it that must be paid before a profit can be realized.
The site occupies space, but in most cases the owner would be better
off if he did not own it since the law will require him to expend
capital in excess of that for which he could purchase adjacent similar
land. An advantage exists, however, in that the owner (or operator)
now has the opportunity and mandate to create an entirely new land-
scape designed specifically to suit the needs of a projected use.

Many of the benefits that accrue as a result of reclamation are
almost intangible, and although it is sometimes possible to quantify
many of them, it is beyond the scope of this paper to do so. These
"social benefits,'" as they may be called, include beautification of the
landscape, or aesthetic value, provision of non-commercial recreation
areas, both public and private, pollution abatement, erosion preven-—
tion, preservation of wildlife resources, and maintenance of an accept-
able self-image by the residents.of the mined areas. It was demon-
strated in a past study, however, that it is possible to quantify the
relative attractiveness of adjacent reclaimed and unmined areas for
some particular uses. Coal strip mine areas near a large population
center in Indiana, for example, were shown to range up to almost ten
times as attractive for recreational housing sites as adjacent unmined
areas primarily because of the availability of lakes and the secluded
setting afforded by the wooded ridge and valley topography (LaFevers,
1974).

CASE EXAMPLES - WESTERN STATES

Nevada

Open pit copper mining; Anaconda Copper Company. If one con-
siders only direct costs, this is the only site reviewed by the author
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at which all the reclamation cost data were available, Since no re-
clamation procedures are planned for this site, reclamation costs
are zero, After approximately thirty years of mining, the site will
be abandoned, and the pit will partially fill with water.

Arizona, Tucson

Open pit copper mining. Although Arizona has no reclamation
law, and the federal law (P.L. 95-87) does not apply to non-coal
mining, most of the mining companies are experimenting with some type
of reclamation procedures. The basic reclamation program consists of
planting exotic or native shrubs or grasses on the outslopes of the
tailing pond berms or other structures that are visible from the high-
way or nearby community. Costs average around two thousand dollars
an acre, one-half of which is for the irrigation system (Thames,
et al., 1978). At present no general practice exists for revegetating
the surfaces of tailing ponds, which are usually toxic to most plant
life.

Arizona, Black Mesa

Peabody Coal Company area type coal mining. Because this opera-
tion is on the Navajo-Hopi joint use area, land value data are not
used to help quantify benefits. Reclamation costs are exceeding
$5,000 per acre for parts of this site, including grading to original
contour, revegetating for grazing purposes, fencing to protect from
overgrazing during initial years of revegetation, and monitoring.
Peabody personnel report that the carrying capacity of reclaimed
areas is higher than prior to mining, in part because the area was
badly overgrazed.

North Dakota

Lignite mining. Four sites mined by four different companies.
Under the reclamation law in effect until 1976, backfilling, grading,
seeding, soil amendments, and the removal, stockpiling, and replace-
ment up to eighteen inches of topsoil averaged about $2,400 per acre.
When the state reclamation law was changed to require the replacement
of up to five feet of topsoil, reclamation costs went up to as much
as $6,600 per acre. At $2,400 per acre, reclamation costs were broken
down as follows:
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S/Acre % of Total
Grading 1,320 55
Topsoil Removal 480 20
Topsoil Replacement 192 8
Engineering and Administration 336 14
Seeding and Fertilizing 72 3
2,400

These costs include a maximum of two feet of topsoil removal and
replacement and do not reflect a separate cost for backfilling. The
topsoiling costs in this case average 21 cents per cubic yard. At
$6,613 per acre, topsoiling costs averaged 50 cents per cubic yard,

and five feet of topsoill was removed and replaced. At this rate, total
costs break down as follows:

$/Acre % of Total
Grading 1,500 23
Topsoiling 4,033 61
Backfilling 1,000 15
Seeding and Fertilizing 80 1
6,613

In this case, topsoiling is the most expensive part of the operation,
and it should be noted that if in the previous case, topsoiling costs
were projected for five feet of material (8,067 cubic yards per acre),
these costs would be $1,699 per acre. It can, therefore, be stated
that topsoiling has become the most expensive part of the reclamation
program (LaFevers, Johnson, and Dvorak, 1977).’

These cost figures are somewhat substantiated by a recent U. S.
Bureau of Mines report which states, "The average reclamation costs in
the region ranged from $2,500 per acre where very little topsoil re-
moval is required to $5,050 per acre where up to five feet is removed
and replaced." (Persse, et al., 1977). Land values in the area average
from $175 to $300 per acre. Since no reclaimed land has been placed
on the market, one can only assume that its value will be similar.

SUMMARY AND CONCLUSIONS

Research programs are needed that will identify and develop
procedures for improving the cost-effectiveness of reclamation pro-
grams. The situation currently exists in which it is almost impossible
for the direct benefits from reclamation to pay the direct costs. Land
values and productivity, for example, are not usually increased enough
by marginal inputs to cover the marginal costs. A primary considera-
tion of all reclamation research programs should be economic implications.



L4 LaFevers

It is most probable that even though subsurface conditions may
not be completely reconstructed, under existing technology it is pos-—
sible to recreate a landscape that will produce vegetation in quan-
tities similar to that produced prior to mining. Whether this con-
stitutes reclamation is a matter that will be determined by the people.
It is also technologically feasible to create wildlife habitat and
other land uses on mine sites. It can be said, therefore, that the
surface value of the land can, in most cases, be restored to pre-~mining
levels or higher. Exceptions will occur in the case of special his-
toric, archeologic, or other sites which have an indeterminate value
(and which will probably be designated as ‘'mo mine" areas), and where
an aquifer may be disrupted, thus reducing the value not only of the
reclaimed area, but of surrounding land as well. In general, however,
the technology exists to fill in practically any hole and revegetate
any surface if cost is no object. The challenge is in developing
technology that will allow improved environmental protection while
keeping costs in line.
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THE ECONOMICS OF REVEGETATION AS OBSERVED BY

R. Randall
Randall and Blake, Ine.
Denver, Colorado

0f the numerous ways to establish vegetation on a given
project, it is my expressed opinion that our goal as educators,
consultants, and contractors should be to obtain the desired
results with the least expenditure of materials, equipment,
and labor.

Years ago when I first became involved in the business
of revegetation, it was considered a good seeding job when we
planted 3 to 10, and in extreme cases up to l4, pounds per acre
(3.3 to 16 kg/ha) of seed consisting of no more than two varieties.
We would sometimes be paid as much as $30.00 per acre for disking
and drilling. Today, a typical seeding job might consist of
from 40 to 80 pounds (45 to 90 kg/ha) of seed costing as much
as $200.00 per acre (I have seen some mixtures with woody plant
seed which cost in excess of $1000.00 per acre), 300 to 500
pounds (334 to 557 kg/ha) of fertilizer and from 1 and 1/2 to
3 tons of vegetative mulch of one variety or another per acre.
The cost to the owner will range anywhere from $250.00 to
$10,000.00 per acre.

For many years I have observed overkill in specifications
for revegetation projects, but as a contractor and a capitalist,
I did not see reason for making an issue out of something which
was supporting our business.

In the fall and winter of 1973 Vail Pass was begun. And
in the following years during the execution of revegetation
work on this project I became convinced of the importance of
the economics of revegetation as an issue. In giving some back-
ground on Vail Pass, first let me say that I am not pointing
a finger at anyone. I will be the first to state that the millions
spent on Vail Pass for revegetation was necessary, not for
successful revegetation, but to appease the many agencies and
pressure groups who voiced concern over Vail Pass: the U.S.
Forest Service, Colorado Game and Fish Trout Unlimited, The
Sierra Club, and the adjacent cities of Frisco and Vail.
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Research involving every consideration of surface revegetation
was undertaken by the Colorado Department of Highways with the
cooperation of the Forest Service. The result was a fool-proof
plan which was expected to cover everyone's trail. Simply stated,
the concept developed was to lay jute on every raw cut, f£ill,
or otherwise disturbed area with additional instructions that
no more than a specified area could be disturbed at a given time.
It was not exactly fool-proof, but fortunately these agencies
had the foresight to overkill on this project. Within the first
construction season several contractors including ourselves
were served with a million dollar lawsuit for contamination
of the Eagle Valley's water system. Although the alleged con-
tamination had happened every spring since the water system was
built, we were the naughty contractors who caused it that year.

Specifications called for a seed mixture of from 40 to 80 pounds
per acre of pure live seed and as many as 10 varieties. Fertilizer

was fairly conventional at about 200 pounds (223 kg/ha) of phosphate
and 50 pounds (56 kg/ha) of available nitrogen per acre. Hay

was specified as a mulch at 1 and 1/2 tons per acre and, as pre-
viously stated, jute was laid over the entire area. The contract
then called for watering. These are good specifications, or I
should say excellent specifications for areas having severe
erosion potential or severe cuts and fills. The fallacy was that
these same specifications were also used on flat areas with little
or no erosion potential. This process after mikes contouring and
the topsoiling was complete cost the taxpayer approximately
$10,000.00 per acre, before watering. If the Highway Department
would have had less outside influence and could have substituted
other methods for less critical areas, the saving on this one
project would have approached one half million dollars. Vail is

an extreme example of my subject matter. Too many times we as
contractors are exposed to a set of plans and specifications for

a specific reclamation project where the consultant has obviously
given little or no thought to cost. In some extreme cases, he

has given no thought to results either.

Probably the best example I can give is the requirement in a
set of specifications which says, '""The contractor will guarantee
a stand of grass.'" This sounds good, but unless you have also
specified maintenance the contractor has no choice but to "jack-up'
his prices to protect himself for the few times when Mother Nature
is not going to come through. An owner will pay a contractor
from 25 to 1507 more because of that clause. If the job is
designed correctly, the grass will come up anyway. If specific
watering and erosion control maintenance is specified, then a
guarantee is in line and will cost little or nothing more.
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Some other examples of poorly thought out specifications might
be, "The contractor shall mulch and crimp all areas with 2 and 1/2
tons of hay per acre.'" These are good specifications unless it is on
al to 1 slope. Then, what do we do? The specification might say,
"Contractor shall lay jute perpendicular to all slopes,”" etc. Which
is fine, but what if the slopes are only 4 feet high and 800 feet
long?

The type of treatment for any given area has bearing on both
economics and results. Many times a combination effort of, for
instance, hay on areas 3 to 1 or flatter, and wood fiber on slopes
steeper than 3 to 1 might be a more economical and better alternative.
Combinations of blankets on steep areas and vegetative mulch on
flat areas would be another alternative. Sometimes it may be wise to
consider just straight tillage and drilling, followed by drag chains
or packer wheels, and no mulch if the area is flat and not subject
to severe wind and water erosion.

Contractors are probably highly opinionated and old-fashioned,
but you may be surprised at what we have to offer. Most of us are
more than happy to discuss the feasibility of the execution of
different concepts and approaches. We welcome the opportunity to
give you approximate costs for budget purposes.

In closing, I would like to express one observation; we as a
contracting company work in several states for several state and
federal agencies, and for many different mines and private developers.
One thing I cannot help noting is that almost every consultant has
been living in his own little world, inventing his own wheel. Thanks
to seminars like this one, the International Erosion Control of
California, and ALCA's (American Landscape Contractors Association)
Erosion Control and Reclamation seminars, and to people such as
Burgess Kay and William Berg, and many others from universities and
from the private sector, this era is ending with their input into
successful revegetation.

The following are some approximate sales prices on today's
market for the various items of revegetation. For this purpose I
have based everything on 100 acres of ground and less than 3 to 1
slopes.
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Straight tillage and drilling:

Fertilizing:

Straw mulch:

Hay mulch:

Wood fiber:

Jute netting:

Excelsior neeting:

Economy netting:

Hold grow:

Sod:

Watering:

P.V.A.

Asphalt emulsion:

49

\
$20.00 to $30.00 per acre plus
the cost of seed.

.15 cents to .50 cents per pound
depending on whether it's in-
organic, organic and or slow
released.

$90.00 to $110.00 per ton ap-
plied and crimped.

$120.00 to $150.00 per ton ap-
plied and crimped.

$300.00 to $400.00 per ton ap-
plied.

90 cents to $1.00 per square
yard installed.

65 cents to 75 cents per square
yard.

30 cents to 40 cents per square
yard.

85 cents to $1.00 per square
vard installed.

$1.00 to $1.10 per square yard
installed.

$3.00 to $10.00 per M (thousand) .
gallons (Depending on source,
quantity and method of applicat-
ion—-a pipe system is cheaper).

Approximately $7.00 per gallon
installed. (Also other
comparable chemicals).

50 to 60 cents per gallon
installed. .
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DISCUSSION

COMMENT: 1 would like to point out that the cost of Vail Pass
does not appear high when compared to the cost of going back to a
poorly done project. In the late sixties a highway on Straight Creek
(not far from Vail Pass) was built not using good revegetation
techniques. Now the Colorado Highway Department is going to repair
the poor revegetation effort at a cost of 3 to 4 million dollars.
The seed species and the seeding rate were recommended on the basis
of U. S. Forest Service research.

RANDALL: 1 am convinced that a large quantity of seed is necessary
for a fast cover and a good revegetation program to prevent erosion.

BOWMAN: The Vail Pass project is almost a front yard landscaping
program. Spending $10,000 per acre for coal mine reclamation may not
be possible.

RANDALL: Vail is an extreme example, especially on the flat areas.
I think we can get good results without going as far as the Vail
project went.

SWANSON: There was some straight drilling and mulching on some
gentle slopes.

RANDALL: Yes, some work was done without jute netting in the last
season. It is too early to tell, but it looks like the results will
be as good as areas with jute. The results may even be better
because some evidence indicates that the jute is detrimental to the
seeds~-timothy did not germinate through the jute,

MARR: The fact that Vail Pass was like a lawn landscaping program
points out the special fearures of the Vall Pass highway. There were
special aesthetic considerations so that the highway could blend with
the landscape. It is more comparable to a metropolitan boulevard in
in terms of people use and desired aesthetics. This unique feature
should be remembered when comparing Vail Pass to other projects.

RANDALL: Vail Pass was a demonstration project. It is pleasing to
the eye. We as contractors are proud to have had something to do
with the project.
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SCHWENDINGER: Strict specifications work well for the engineer,
but they may be a detriment to reclamation work and also very expensive.
For example, a highway project specified watering to insure revegetation.

That summer we received a lot of rainfall, but we were still required
to water in the rain.

RANDALL: Water is a difficult area to specify. All climatic condit-
ions are hard to predict and this affects the contractor's price.
Specifications are starting to be put together for water maintenance
in a way that is good for both the owner and the contractor.



THE USE OF THE PLANT INFORMATION NETWORK
(PIN) IN HIGH ALTITUDE REVEGETATION

P. L. Dittberner
U. 8. Fish and Wildlife Service, WELUT

G. Bryant
Department of Botany and Plant Pathology
Colorado State University

The Plant Information Network (PIN) is a computer-based data
bank for rapidly retrieving and organizing information on the native
and naturalized vascular plants in the states of Colorado, Montana,
and Wyoming.

PIN is not a new concept or a new development in information
systems. It is a new adaptation or modification of previous systems.
The previous programs were called (1) TAXIR and (2) RAPIR. TAXIR is a
program started at the University of Colorado as a means of recording,
cataloging and updating herbarium information. In this system TAXIR
catalogued the individual specimens collected, vouchered, and recorded
in the herbarium. RAPIR, the Rapid Access Plant Information Center,
using the RAPIR program in addition to cataloging herbarium information,
was also expanded to include other taxonomic, geographic, and some
biological and economi¢ information,

The Colorado State University Experiment Station funded the
RAPIR program for 5 to 6 years and spent about $60,000 on its devel-
opment and operation. During this time, the principles involved in
the project were Dr. William Klein and Dr. Robert P. Adams of the
Botany and Plant Pathology Department.

In 1974, The Office of Biological Services, of the Fish and
Wildlife Service, was established. Within the Office of Biological
Services, four national teams were established, of which the Western
Energy and Land Use Team in Fort Collins, Colorado is one. The
Western Energy and Land Use Team began its initial staffing in 1975.
As the Team began to plan and develop its projects the applicability
of RAPIR was quickly recognized as a potential tool for land use
managers and people making decisions and needing information about
plant species and vegetation.

A new project was initiated which included the basic concepts
of the RAPIR system and greatly expanded its geographical coverage
and its informational base. At this time the name of the system was
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changed to the Plant Information Network or PIN. The concept

behind this system was to develop a tool that could provide informa-
tion about plant species and vegetation to land use planners and
resource managers. Much of the information these people need is
often unavailable to them because of a lack of library facilities, or
a lack of time to obtain the appropriate information. The PIN system
is designed to provide that information in a short time to the users.

Sources of information included in PIN are: (1) herbarium
specimen labels from major herbaria in each of three states; (2) ex-
tensive searches through scientific, professional, and popular publi~
cations pertaining to the taxonomy, geography, biology, ecology, and
economics of the plants found in the three states; and (3) the unpub-
lished judgment and experience of long-time experts and field re-
searchers on the attributes and utility of plants in the areas of
wildlife-plant relations, livestock-plant relations, soil-plant
relations, and man-plant relations.

Three major uses of PIN were anticipated and are now resulting
from the system., These include (1) vegetation inventories--lists of
species found in any county of the three states can be queried from
the system, (2) environmental assessment and impact analysis--economic
and ecologic value of species are recorded in the system and can be
queried and used for anticipating the effects of disturbances or
land use changes, (3) reclamation planning--queries can be construc-
ted to obtain lists of plants adapted to site conditions and having
desirable characteristics to fulfill reclamation objectives.

INFORMATION AVAILABLE

The basic information entry in the system is by species. The
species included are the ones for which there are vouchered speci-
mens collected and on file in four herbaria. These herbaria are the
Colorado State University Herbarium, the University of Colorado
Museum Herbarium, the Rocky Mountain Herbarium at the University of
Wyoming and the Montana State University Herbarium in Montana.
Currently there are approximately 4,000 plant species entered in
the system.

The characteristics for these species are grouped into five
categories. These categories include taxonomic, geographical,
biological, economic, and ecological information. The information
in these categories is divided into units called descriptors. At the
present time there are 239 descriptors for each plant species in
the system. These descriptors include 96 general bits of information
in the 5 categories, plus the 143 counties of the three states.
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Within each descriptor, there are classes or ranks of information
called descriptor states. The descriptors and descriptor state
definitions are listed in the appendix (Voires, and Sims, 1977).

Care must be exercised in interpreting the results of a PIN
query. Where possible, definitions were used that are commonly
accepted in the plant ecology, range science, and revegetation fields
of expertise. However, because the descriptor states must be mutually
exclusive this was not always possible. In these cases, working
definitions as noted in the appendix were used.

A brief list and description of some of these descriptors follow.
this description includes descriptors that will be of most interest
or those which may cause some confuslon or misinterpretation.

Taxonomic

The taxonomic descriptors include the division, family, genus,
species, infraspecific names and common names for each one of the
species in the system. Most of this taxonomic information came from
local floras and botanical literature, The infraspecific names may
be varieties or subspecies. The common name descriptor information
came from a ranked order of references. The first reference used was
Plummer (1976), the Intermountain Range Plant Symbols. If Plummer
did not have a common name for the species in PIN, then Kelsey and
Dayton (1942), Standardized Plant Names was used. If neither of these
two sources had a common name then Beetle's (1970) Recommended Plant
Names was used.

Geographic

The geographic category of descriptors in PIN include origin,
counties, and minimum and maximum elevations at which the vouchered
collections of that species has been found in each of the three
states. The county locational information is of two levels of
reliability. A county "present' record means that the species has
a vouchered specimen collected and stored in one of the four herbaria
listed above. A county "reported"” record means that a reliable
source has reported the species' occurrence in that county, but no
specimen was collected.
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Biological

The biological category of descriptors includes anthesis, carbon
dioxide fixation, habit, life cycle, reproduction and trophic status.
Anthesis is the mode month in which a plant flowers or pollinates.
Habit is the growth form or outward appearance of the plants, such
as grasslike, trees, or shrubs.

Life Cycle

The life cycle descriptor includes the descriptor states of
perennial, biennial, annual and combinations of these for plants
that are not distinctly one or the other of the three.

Reproduction

The reproduction descriptor includes the sexual or asexual
process by which a plant generates others of the same kind. The
descriptor states for reproduction include sexual, vegetative,
apomictic, and combinations of these three.

Ecological and Economic

The above descriptors and descriptor states have been completed
for the 4000 species, if the information was available in documented
sources. Because of the immensity of the task to develop the infor-
mation base of ecological and economic descriptors and descriptor
states for this many species, a subset of approximately 400 “impor-
tant" species was chosen.

This 400 "important" species was chosen because of high economic,
ecologic, or biological values such as importance to grazing resources;
importance to wildlife populations; importance as rare, threatened
or endangered plants; reclamation value, or predominance in the three
state area. For this 400 species the ecological and economic des-
criptor information was completed and added to PIN as described
below.

The ecological categories of plant descriptors includes struc-
tural relationships or the proportional influence of a particular
species in 20 vegetation types. These vegetation types are taken
from Kuchler (1964) and are the vegetation types he mapped in the
three states included in PIN. Each species is ranked as dominant,
codominant, subdominant or a component for each of these 20 vegetation
types.
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Also included in the ecological descriptors are disturbance
indicators; edaphic indicator; growth relationships of the species
on textural classes of soils; habitat or ecological conditions under
which a plant grows; the optimum slope on which the plant is normally
found; the optimum soil depth on which the plant normally obtains
the best growth; vegetation indicators; major dispersal agent for
seed dispersal; mycorrhizal relationships; nodule forming information;
nitrogen fixing information; potential biomass production; and popu-
lation dynamics, including endemic species, rareness in the three
states, species stability or the relative vulnerability of the species
to extinction including endangered, threatened, or vulnerable species
by states.

The economic category of descriptors include allergenic; edible;
culture; erosion control potential; establishment requirements; reve-
getation potential; weediness; cover for various classes of wildlife;
food value for cattle, sheep, horses, and various classes of wildlife:
forage value for cattle, sheep, horses, and various classes of wild-
life; and poisonous to livestock.

The establishment requirements include descriptor states of
high, medium, and low and describe the relative extent of cultural
practices which must be employed to insure successful planning of
the species.

The revegetation potential descriptor has descriptor states
of high, medium and low. This is the ability of a plant to become
established and persist on sites to which it 1s adapted.

The culture descriptor is a text descriptor, Text descriptors
are included in PIN in a narrative format and are retrieved in
narrative form. All other descriptors are recorded as bits of infor-
mation of one to three words usually. These descriptors and descrip-
tor states must be mutually exclusive and that is the reason that the
descriptors, the descriptor definitions, and the descriptor states
and their definitions must be strictly adhered to in querying or
asking the system questilons and interrupting the results. This
mutual exclusiveness is one of the reasons that system is so efficient
in using and keeping costs of use of PIN down.

EXAMPLE USE OF PIN

Below is a series of examples of how PIN can be used in devel-
oping and helping to plan a revegetation project in Northwestern
Colorado. Northwestern Colorado was chosen because it was antici~
pated. that many workshop participants would be interested and familiar
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with this area because of the interest and research that has been
going on related to revegetation and exploration in the oil shale
projects of the past few years,

The first step used in this example was to query PIN for those
species found in mountain mahogony-oak scrub, sagebrush steppe,
juniper-pinyon woodland, or pine-Douglas fir vegetation types in
Routt, Moffatt, and Rio Blanco countles, These gpecies also had to
be found between 5900 and 9100 feet (1,790 - 2,780 m) elevations,
have revegetation potential of high or medium, and have establish-
ment requirements of low or medium.

An example of the print command and partial listing of the
query response is shown in Table 1,

This particular query resulted in a list of 216 species. The
list could be further restricted by fewer vegetation types and/or
fewer counties being Included. More restrictive elevations or
revegetation potentials, or establishment requirements could also
have been used. Sometimes queries are constructed that are so
restrictive that no specles in PIN satisfies those restrictioms.

Similar queries to that shown in Table 1l were also run limiting
the species to grasslike; forb; or tree or shrub species. A portion
of the print-out showing the print statement and species listed for
forbs is shown in Table 2,

The Plant Information Network is now available for public use.
Charges for the use of the system are minimal and can be obtained by
contacting the PIN staff. Either call or write the PIN staff to
explain your information needs and they will give you an estimate
of costs. The PIN address is:

Plant Information Network

Department of Botany and Plant Pathology
Colorado State University

Fort Collins, CO 80523

Telephone; 491-5026.

LITERATURE CITED

Beetle, Alan A. 1970. Recommended plant names. Agric. Exp. Stn.
Res. J. 31. Univ. Wyo., Laramie. 124 p.
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United States. (maps and manual). American Geographical
Society Special Publication 36. 39 p. and map.

Plummer, A. Perry, Stephen B. Mouson, and Richard Steveans. 1976.
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Off. of Bio. Serv., USDI Fish and Wildlife Serv., Fort Collins,
Co. pp. 1-56.

DISCUSSION

QUESTION: Will there be any on~line access to PIN?

DITTBERNER: We have planned for the use of interactive terminals,
In the near future, the U.S. Geological Service Area 0il Shale
Office in Grand Junction will have an interactive terminal. I
understand the terminal should be available for other agencies' use.
Further interactive terminaks are planned for and will be set up

as necessary.

QUESTION: Can a user locate only native species? Are the listed
plants identified as introduced or native? '

DITTBERNER: There are no descriptors for introduced or native
species. Included in the 4000 species listed are vascular native

or naturalized species. Naturalized means self-regenerating in
natural conditions. No horticultural species are included as such,
although several native or naturalized species are sometimes used for
landscaping purposes.
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APPENDIX

Taxonomic

The classification of plants into the following appropriate

categories.,

1.

DIVISION--a non-scientific category of the major vascular plant
groups.

a., conifer——(Gymnospermae) a member of a group of predominantly
evergreen and cone-bearing trees.

b. dicot--(Dicotyledoneae) one of the two major divisions of
angiosperms, characterized by a pair of embryonic seed leaves.

c. monocot--(Monocotyledoneae) one of the two major divisions of
angiosperms, characterized by a single seed leaf.

d. fern allies--vascular plants not producing seeds or true
flowers, reproducing by spores (Lycopodiophyta, Equisetophyta,
Polypodiophyta).

FAMILY-—a name category ranking below an order and above a genus
This category has the ending ''-aceae.”

GENUS--a name category ranking below a family and above a species.
The use of the genus followed by a Latin adjective or epithet
forms the scientific name of a plant.

SPECIES--the lowest, most commonly used category of taxonomic
classification, ranking below a genus.

INFRASPECIFIC--a morphologically recognizable category of classi-
fication ranking below a species. Usually a variety or subspecies.

COMMON NAME-~the colloquial epithet in general usage and language
of the inhabitants of a geographic regionm.

Geographic

The attributes of a plant which pertain to a specific region.

ORIGIN--the geographic area to which a plant is indigenous.

a. Africa
b. Asia
c. Europe

d. North America
e. South America
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10.
11.
12.
13.

14,
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f. Eurasia

g. native--any plant known to be indigenous to Colorado,
Montana, or Wyoming, The descriptor state, "native,"
takes precedence over the descriptor state, "North
America."

COUNTIES~-each county name is a descriptor state and must
be asked for specifically, Each county name ends with
"'-CO, -MT, or -WY" to designate the appropriate state it

is in, Colorado, Montana or Wyoming, respectively. In-

cludes all counties for Colorado (63) Montana (56) and
Wyoming (24). ' :

a,  present--a specimen of the plant has been deposited and

verified in one of the following herbaria: Colorado
State University; Unilversity of Colorado; U.S. Forest
Service Herbaria, Fort Collins; Montana State University;
Rocky Mountain Herbarium, Laramie, Wyoming.

b. reported-—-the plant is known to occur in that county
but there is no herbarium record of it.

MAXIMUM ELEVATION-CO--the highest elevation at which a plant
has been observed in Colorado. Recorded in 100 foot inter-
vals from 3,000 to 15,000 feet.

MAXIMUM ELEVATION-MT~~the highest elevation at which a plant
has been observed in Montana. Recorded in 100 foot inter-
vals from 1,500 to 13,000 feet.

MAXIMUM ELEVATION-WY--the highest elevation at which a plant
has been observed in Wyoming. Recorded in 100 foot inter-
vals from 3,000 to 15,000 feet.

MINIMUM ELEVATION-CO--the lowest elevation at which a plant
has been observed in Colorado. Recorded in 100 foot inter-
vals from 3,000 to 15,000 feet '

MINIMUM ELEVATION-MT~~the lowest elevation at which a plant
has been observed in Montana. Recorded in 100 foot inter-
vals from 1,500 to 13,000 feet.

MINIMUM ELEVATION-WY--the lowest elevation at which a plant

" has been observed in Wyoming. Recorded in 100 foot inter-

vals- from 3,000 to 15,000 feet.
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Biologic
The attributes of a plant which pertain to its own life processes.

15. ANTHESIS--for angiosperms, this is the time of flowering
of a plant; for gymmosperms, this is the time of pollina-
tion of a plant. Anthesis time is recorded by month,
or by the mode month if 1t occurs in more than one month.
Grasses, sedges, and rushes are excluded from this des-
criptor.

The plant flowers or pollinates during the month of:

a. January d, April g. July j. October
b. Feburary e. May h., August k. November
c. March f. June i. September 1. December

16. CARBON DIOXIDE FIXATION-~the biochemical and physiological
mechanism associated with the incorporation of CO; and its
ultimate conversion into carbohydrates, :

a. Cg4—~the plant uses a pathway where the first step in
COy fixation involves the formation of four-carbon
compounds, the stomata are open and COy is fixed in the
daylight.

b. C3—the plant uses a pathway where the first step in
C0y fixation involves the formation of three-carbon
compounds, the stomata are open and C02 is fixed in
the daylight.

c. crassulaceous--the plant uses a pathway where the
first step in CO fixation involves the formation of
four-carbon compounds. The stomata are open and CO,p
is fixed in the dark.

d. other~-the plant uses another type of pathway.

e, none--the plant does not fix carbon dioxide.

17. HABIT -~ the growth form, or outward appearance of a plant.

a. tree--a woody plant that usually produces one main
trunk or bole and a more or less distinct and elevated
head.

b. shrub-tree~- a plant whose growth form is intermediate
between that of a shrub and tree.

¢. shrub--a woody plant that remains low and produces
shoots or trunks from the base.

d. vine--any woody plant whose stem requires support,
and which climbs by tendrils or other means,

e. forb--a non-woody plant dying down each year that is
not grass-like,

f. grasslike-—herbaceous plants with narrow leaves
usually belonging to the grass, sedge, and rush families.
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18.

19.

20.
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LIFE CYCLE--the series of stages in form and mode of life
which an organism exhibits between successive recurrences
of a certain primary stage.

d.

b.

perennial-~the plant grows for three or more years
duration.

biennial--the plant grows for two years duration from
seed to maturity to death.

annual--the plant grows for one year's duration from
seed to maturity to death.

perennial-biennial--the plant has the potential for
growth as either a perennial or a biennial.
biennial-annual-~the plant has the potential for growth
as either a biennial or an annual.
perennial-annual--the plant has the potential for
growth as either a perennial or an annual.

REPRODUCTION--the sexual or asexual process by which a
plant generates others of the same kind,

a.

b.

e.

f.

sexual--the plant reproduces by pollination and fer-
tilization.

vegetative-~all cases where structures such as bulbils,
tubers, stolons, rhizomes, etc., which are normally
accessory means of reproduction, take over the whole
reproductive process of a plant,

apomictic--the plant has a type of reproduction which
results in the formation of seeds and embryos by a
non-sexual process. '

.  vegetative-sexual--the plant reproduces sexually

and vegetatively.

sexual-apomictic—-the plant reproduces sexually and
apomicticly.

vegetative-sexual-apomictic--the plant reproduces by
all three methods. :

TROPHIC STATUS--a plant's method of nutrient procurement.

a.

b.

C.

d.

autotrophic--the plant is capable of self-nutrition;
can use carbon, nitrogen, and sulfur in inorganic
combinations and obtain energy from the sunlight.
parasitic--the plant lives on and/or in other living
organisms and obtains some or all of its nutrients
from the host.

saprophytic--the plant lives on and/or in dead organic
material and obtains nutrients from it,
symbiotic--the plant lives in close association with
another plant and the symbionts derive nutritional
requirements from each other.
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Ecologic

The attributes of a plant which pertain to its relatiomship to
community structure and function, environment and population dynamics.

Structural Relationships

Relative Dominance-~the proportional influence of a plant within
each of the vegetation zones listed below. Each zone is a descriptor
and must be asked for separately. Vegetation zones as defined by
Kuchler (1964). Descriptors 21-40 use the following states:

a. dominant--a plant, which by means of its number, coverage,
or size has major influence upon the environmental condi-
tions within the vegetation type.

b. codominant ~~a plant, which by means of its number, coverage,
or size, has 1In association with other plants a major in-
fluence upon the environmental conditions within the vegeta-
tion type.

c. subdominant--a plant, which by means of its number, cover-—
age, or size, has a moderate influence upon the environ-
mental conditions within the vegetation type.

d. component~—§ plant speciles existi?g 1n“the vegetation
type exclusive of dominant, codominant, and subdominant.

21. ALPINE MEADOWS/BARREN

22. WESTERN SPRUCE-FIR FOREST

23. SW SPRUCE-FIR FOREST (SW=Southwestern)
24. DOUGLAS FIR FOREST

25. PINE~-DOUGLAS FIR FOREST

26. BLACK HILLS PINE FOREST

27. WESTERN PONDEROSA FOREST

28. EASTERN PONDEROSA FOREST

29. NORTHERN FLOODPLAIN FOREST

30. JUNIPER~PINYON WOODLAND

31. MOUNTAIN MAHOGANY-OAK SCRUB

32. GREAT BASIN SAGEBRUSH

33. SALTBUSH-GREASEWOOD

34. SAGEBRUSH STEPPE

35. WHEATGRASS-NEEDLEGRASS SHRUBSTEEPE
36. FOOTHILLS PRAIRIE

37. SANDSAGE-BLUESTEM PRAIRIE
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38. WHEATGRASS-NEEDLEGRASS
39. GRAMA-WHEATGRASS-NEEDLEGRASS
40. GRAMA-BUFFALOGRASS.

41. DISTURBED AREA—the relative dominance of a plant on areas of
environmental disruption.

a, dominant--~the plant becomes a dominant on disturbed areas
during one or more of the early stages in natural revege-
tation through processes of secondary succession.

b. codominant~-~the plant becomes a codominant on disturbed
areas during one or more of the early stages in natural
revegetation through processes of secondary succession.

c. subdominant--the plant becomes a subdominant on disturbed
areas during one or more of the early stages in natural
revegetation through processes of secondary succession.

d. component--the plant becomes a component on disturbed areas
during one or more of the early stages in natural revegeta-
tion through processes of secondary succession,

e. no-—the plant does not normally occur on disturbed areas.

Environmental Relationships

42, DISTURBANCE INDICATOR--a plant whose growth and distribution
commonly indicates one of the following types of disturbance.
(Indicators are only scored once in the order of precedence
shown.)

a. erosion—the general process of the wearing away of rocks

soils at the earth's surface by natural agencies.

b. mechanical--the physical disturbance of the soil and vege-~
tation by trampling of man or animals or machinery used in
road building or agriculture.

. overgrazing--excessive feeding by domestic or wild animals.

fire--disturbance by burning.

other--indicates a disturbance not listed.

. no—-the presence of the plant does not indicate a disturbance,
nor will it grow in a disturbed area.

AN

43. EDAPHIC INDICATOR~--a plant whose growth and distribution commonly
indicates the presence of one of the following unusual soil
characteristics.

a. boron--soils which contain boron-containing minerals such as
" borax, sassolite, ulexite, colemanite, boracite, tourmaline.
b. gypsum—-soils contain hydrous calcium sulfate,
¢c. selenjum—--soils which contain selenium or selenikds such as
clausthalite. ,
d. serpentine--soils which contain hydrous magnesium silicate,
indication of a magnesium~calcium imbalance.
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e. very acidic--soil pH less than 5.

f. saline-~soills with a conductance of saturation extract ex-—
ceeding 4 mmho/cm but with Na comprising less than 15%
of the absorbed cations.

g. very alkaline--soills pH greater than 8.5.

h. saline-alkaline--plants are indicators of either or both
saline or alkaline soils,

i. other--other unusual soll characteristics may be indicated.
User should consult expert.

j. none--plant does not indicate any unusual edaphic character-
istic.

Texture and Growth Relationships~~the relative abillity of a plant to
show full development of all phases of its growth potential on a
particular soil texture where the plant normally occurs. Descriptors
44-48 use the following states:

a. good--the plant is highly adapted to growth on a particular
soil texture.

b. fair--the plant is moderately adapted to growth on a par-
ticular soil texture,

¢, poor-~the plant shows little adaptability to growth on a par-
ticular soil texture,

44. GROWTH ON SAND--a soil in which the sand separates (0.05 mm and
larger) make up 70%Z or more of the material by weight,

45. GROWTH ON SANDY LOAM--a loamy soil which is intermediate in
texture between sand and loam.

46. GROWTH ON LOAM--a soil which is considered to have an ideal
" texture for gardening. It should contain about equal amounts of
silt (0.05-0.002 mm) and sand, and less than 25% clay.

47, GROWTH ON CLAY LOAM--a loamy soil which is intermediate in
texture between clay and loam.

48, GROWTH ON CLAY--a soil must have at least 35% clay separates
(less than 0.002 mm) by weight.

49, HABITAT--the type of locality or set of ecological conditions
under which a plant grows.

a. submerged aquatic-~the plant grows in a fresh water environ-
ment with its vegetative parts not rising above the water
surface,

b. emergent aquatic--the plant grows in a fresh water environ-
ment with its vegetative parts rising above the water surface.

c. wet-~the plant grows in soil that is saturated with water.

d. moist——the plant grows in soil that is characterized by con-
ditions of medium soil moisture.
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50,

51.

52.
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e. dry--the plant grows in soil that is characterized by condi-
tions of extended periods of soil drought.

f. epiphytic~-a plant which germinates on other plants and grows
without obtaining nutriment at the cost of the substance of
the host.

g. phreatophyte--a plant which derives its water supply from the
water table and is more or less independent of rainfall.

OPTIMUM SLOPE-~the slope condition on which the plant is nor-
mally found.

a. level-sloping--0-8% slope.
b. rolling-hilly--9-307% slope.
c. steep-very steep 317 and greater slope.

OPTIMUM SOIL DEPTH--depth of soil to parent material on which
the plant normally obtains best growth. Measured in inches.

a. 0-6 d. 25-36
b. 7-12 e. 37-60
c. 13-24 f. 61-120.

VEGETATION INDICATOR--the plant's presence must indicate exclu-
sively one of the following vegetation zones. Zones defined by
Kuchler (1964).

a. Alpine Meadows/Barren k. Mountain Mahogany-0Qak Scrub
b. Western Spruce-Fir Forest 1. Great Basin Sagebrush
c. SW Spruce-Fir Forest m. Saltbush-Greasewood
(SW = Southwestern) n. Sagebrush Steppe
d. Douglas Fir Forest o. Wheatgrass-Needlegrass
e. Pine-Douglas Fir Forest p. Foothills Prairie
f. Black Hills Pine Forest q. Sandsage-Bluestem Prairie
g. Western Ponderosa Forest r. Wheatgrass~Needlegrass
h. Eastern Ponderosa Forest s. Grama-Wheatgrass-Needlegrass
i. Northern Floodplain Forest t. Grama-Buffalograss
j. Juniper-Pinyon Woodland

Functional Relationships

53.

54.

MAJOR DISPERSAL AGENT--the primary agent of seed dispersal
(descriptor states self-explanatory).

a. birds e. water
b. mammals f. wind
c. insects g. other

d. gravity

MYCORRHIZAL RELATIONSHIP--the nature of the relationship of a
plant to a mycorrhizal association.
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a. endomycorrhizal--mycorrhizal assocation having a loose net-
work of fungal hyphae enclosing the root and intracellular
hyphae penetrating the cortical cells of the root.

b. ectomycorrhizal--mycorrhizal association having a dense fungal
sheath enclosing the root and intercellular hyphae penetrating
the root cortex.

c, ectendomycorrhizal--mycorrhizal association having a dense
fungal sheath enclosing.the root and both inter- and intra-
cellular hyphae penetrating the root cortex,

d. endo/ecto--refers to plants reported as being both endo-
mycorrhizal and ectomycorrhizal.

e. ecto/ectendo-~-refers to plants reported as being both ecto-
mycorrhizal and ectendomycorrhizal.

f. nonmycorrhizal-~refers to either plants that have been
examined for mycorrhiza with none found, or plants that
occur in families considered to be classically nonmycorrhizal
(Aizoaceae, Amaranthaceae, Brassicaceae, Caryophyllaceae,
Chenopodiaceae, Commelinaceae, Cyperaceae, Fumariaceae,
Juncarceae, Nyctaginaceae, Polygonaceae, and Urticaceae).

55. NODULE FORMING--occurrence of root nodules on a plant's roots.

a. reported--reported as nodule forming by observation or in
the literature.

b. possible--reported as possible nodule forming in the litera-
ture.

¢. no--plant is known not to fix nitrogen.

57. POTENTIAL BIOMASS PRODUCTION-~the relative ability of a plant
to produce plant material by weight on an annual basis as a
major component of an established stand, within a comparable
lifeform.

a. high—--plant possesses ability to produce a yield of dry plant
material comparable to moist forests or tall grass prairies.

b. medium--plant possesses abllity to produce a yield of dry
plant material comparable to mountain forests or mid grass
prairies.

c. low--plant possesses ability to produce a yiéld of dry plant
material comparable to semi-arid woodland, shrublands, or
short grass prairies.

d. wvery low--plant possesses ability to produce a yield of dry
plant material comparable to slow growing plants from arid
climates.

Population Dynamics

58. ENDEMIC--confined to a certain area or region, having a compara-
tively restricted distribution,

*56. errata on last page of this article.
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59.

60.

6l.

62.

63.

64.

Dittberner and Bryant

a, Colorado--plant population is confined to the state of Colo-
rado. ‘

b. Montana--plant population is confined to the state of Montana.

c. Wyoming--plant population is confined to the state of Wyoming.

d. local--plant population is confined to more than one of the
above states.

e. no—-not endemic in any of the above states.

RARE-CO--a plant which has a small population in its range in
Colorado. It may be found in a restricted geographic region,
or it may occur sparsely over a wider area.

a, yes--the plant is rare in Colorado.
b. no--the plant is not rare in Colorado.

RARE-MT--a plant which has a small population in its range in
Montana. It may be found in a restricted geographic region, or
it may occur sparsely over a wider area.

a. yes——the plant is rare in- Montans.
b. no--the plant is not rare in Montana.

RARE-WY--a plant which has a small population in its range in
Wyoming. It may be found in a restricted geographic region,
or it may occur sparsely over a wider area.

a. yes-—the plant is rare in Wyoming.
b. no—-the plant is not rare in Wyoming.

SPECIES STABILITY-CO--the relative vulnerability of a plant to
extinction in Colorado. Descriptors 62-64 use the following
states.

a. endangered--any plant which is in danger of extinction
throughout all or a significant portion of its range, due
to change in habitat, disease, predation, exploitation, etc.

b. threatened--any plant which is likely to become an endangered
species within the foreseeable future throughout all or a
significant portion of its range. This includes species
categorized as rare, very rare, or depleted.

c. vulnerable--a plant which sould be monitored for possible
decreases in range and/or number and is not yet: considered
endangered or threatened.

d. good——a'plant whose population is stable or increasing.

SPECIES STABILITY-MT--the relative vulnerability of a plant to
extinction in Montana.

SPECIES STABILITY-WY--the relative vulnerability of a plant to
extinction in Montana.
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Eeonomic

The attributes of a plant which have either positive or nega-
tive monetary value.

Human Health and Nutrition

65. ALLERGENIC--inducing an allergic response in humans.

a. yes--the plant is reported in the literature as allergenic.

b. maybe--the plant is reported to possibly cause allergic
response; thought to be allergenic but not yet proven so.

c. no--the plant is known to be definitely not allergenic in
any circumstances and reported so in the literature.

66. - EDIBLE--a plant which can be eaten as food by humans.

a. yes—-the plant is edible.

b. yes-qualified--it is edible only after a specific preparation
or in certain seasons. User should consult an expert.

c. no--the plant is not edible but not poisonous.

d. poisonous--the plant contains toxic substances or potential
toxic substances that would prove harmful if ingested.

Revegetation Planting

67. CULTURE--a text descriptor on the planting requirements of a
species.

68. EROSION CONTROL POTENTIAL--a plant which commonly exhibits

growth habit, plant structure, and/or biomass that potentially
reduces soil erosion.

a. high--plant has aggressive growth habits, persistent plant
structure, high potential biomass, and good soil binding
root or root-rhizome-runner systems in established stands.

b. medium--plant has moderately aggressive growth, moderately
persistent plant structure, good potential biomass, and good
soil-binding characteristics in established stands.

c. low--plant has growth, persistence, biomass, or soil-binding
characteristics which make it generally inadequate for
erosion control.

69. ESTABLISHMENT REQUIREMENTS—¥the relative extent of cultural
practices which must be employed to insure a successful planting
of the species on sites to which it is adapted.

a. high--requires elaborate, energy intensive cultural practices.
b. medium--requires special cultural practices of short duration
and/or moderate resource inputs.
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c. Jlow—--only minimal cultural practices are required.

70. REVEGETATION POTENTIAL--the ability of a plant to become estab-
lished and persist on sites to which it is adapted.

a. high--plant demonstrates good growth, cover, reproductlon,
and stand maintenance characteristics.

b. medium--plant demonstrates fair growth, cover, reproduction,
and stand maintenance characteristics.

c. low--plant demonstrates poor growth, cover, reproduction,
and stand maintenance characteristics.

71. WEEDINESS-~a plant considered undesirable, unattractive, or
- troublesome; especially one that is growing where it is not
wanted.

a. mnoxious--plants which are listed on official noxious weed
seed lists of Colorado, Montana, and Wyoming. User should
consult authorities for individual state lists. Has priority
over economic.

b. economic--plants whose growth and reproductlon cause economic
loss.

c. colonizing--a plant which has attributes enabling it to be-
come easily established in suitable habitats.

d. non-weedy--not a weed.

Wildlife and Livestock

Cover Value-~the degree to which the plant provides environ-
mental protection for an animal. Descriptors 72-77 use the following
states:

a. good-~readily utilized for cover when available.
b. fair—moderately utilized for cover when available.
c. poor--rarely utilized for cover when available.
72. ELK COVER VALUE
73. MULE DEER COVER VALUE
74. ANTELOPE COVER VALUE
75. GAME BIRD COVER VALUE
76. SMALL NON-GAME BIRD COVER VALUE
77. SMALL MAMMAL COVER VALUE.
Food Value—-the relish and degree of use that an animal shows

for a particular plant, or plant part as well as its availability.
Desctiptors 78-86 use the following states.
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78.
79.
80.
8l1.
82.
83.
84.
85.
86.

that
tors

87.
88.
89.
90.
91.
92.
93.
94.
95.
96.

a. good--readily available in the plant's range and consumed
to a high degree.

b. fair--readily to moderately available in the plant's range
but consumed only to a moderate degree,

73

c. poor--may or may not be available but the plant is consumed

very little by the animal.

CATTLE FOOD VALUE
SHEEP FOOD VALUE
HORSE FOOD VALUE
ELK FOOD VALUE
MULE DEER FOOD VALUE
ANTELOPE FQOD VALUE
GAME BIRD FOOD VALUE
SMALL NON-GAME BIRD FOOD VALUE
SMALL MAMMAI, FOOD VALUE
Forage Value--the relish and degree of use (i.e. palatability)

an animal shows for a particular plant or plant part. Descrip-
87-95 use the following states.

a. good--highly relished and consumed to a high degree.
b. fair--moderately relished and consumed to a moderate
degree.
c. poor——not relished and normally consumed to only a small
degree.
CATTLE FORAGE VALUE
SHEEP FORAGE VALUE
HORSE FORAGE VALUE
ELK FORAGE VALUE
MULE DEER FORAGE VALUE
ANTELOPE FORAGE VALUE
GAME BIRD FORAGE VALUE
SMALL NON-GAME BIRD FORAGE VALUE
SMALL MAMMAL FORAGE VALUE

POISONOUS~LIVESTOCK-~a plant which contains or produces, under
normal conditions, physiologically active or toxic substances
in sufficient amounts to cause harmful effects in animals.

a. acute-~—animal shows immediate symptoms after ingestion of a
small amount of the plant. Ingestion of the plant may caus
rapid death.

€
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*56.

Dittberner and Bryant

cumulative-—animals usually require repeated ingestion of
poisonous plants and concentrations in their system to show
symptoms., '
geographically variable--the plant is posionous in certain
parts of its range. User should check with expert.
seasonally variable--the plant 1s posionous during certain
phases of its growth cycle or as a response to abnormal
weather conditions. User should consult with expert.

NITROGEN FIXING--a plant that can assimilate and fix the free
nitrogen of the atmosphere with the aid of microorganisms.

a.
b.

C.

Yes-~plant fixes nitrogen, as reported in the literature.
Maybe--the plant may fix nitrogen, but has not been reported
as such in the literature.

No--plant is known not to fix nitrogen.



UPPER COLORADO ENVIRONMENTAL PLANT
CENTER STATUS REPORT

S. Stranathan
Manager
Meeker, Colorado

The Upper Colorado Environmental Plant Center (EPC) is taking
the work off the revegetation drawing boards and putting it on the
ground. The Center, like its older relatives the SCS Plant Materials
Centers (PMC's), hopes to function actively in the selection of
superior ecotypes for the Upper Colorado Region.

SCS Plant Materials Centers have selected Colorado ecotypes
for evaluation at locations in New Mexico, Montana, Idaho and Kansas.
Two of the most famous Colorado selections have been 'Arriba' western
wheatgrass, Agropyron smithii, and 'Paloma' Indian ricegrass, Oryzop-
sis hymenoides. Many species have been tested on the farms and
ranches of Colorado. 'Luna' pubescent wheatgrass was introduced at
the Los Lunas PMC from Eastern European collections, proved its
superiority in New Mexico and Colorado field tests, and was formally
released cooperatively with the New Mexico and Colorado Crop Improve-
ment and varietal release organizations.

Grasses have dominated the plant materials program of the region
and they continue to receive emphasis relative to new problems. PMC's
have evaluated forbs and shrubs, but very few of the selections re-
leased have had or will have much influence on the Colorado region's
high country vegetation.

THE MEEKER CENTER

The Meeker Plant Center grew out of that void and has been
enthusiastically supported by private industry and federal and state
agencies. The Center is located five and one half miles southeast
of Meeker, Colorado on a mesa overlooking the White River . It
receives 15 to 16 inches (38 to 41 cm) of annual precipitation on
the average and has a 75 to 90 day growing season at its 6,500 foot
(1,980 meter) elevation. It is located in the heart of the energy
development area. The Center is open for you to visit and a brochure
about the Center is available.
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Mr. Glenn Carnahan discussed the physical development of the
Center at the Second High Altitude Revegetation Workshop (Carnahan,
1976). Two Colorado Soil Conservation Districts own the Center and
administer its operation. The Center budget is funded in part by
annual federal grants handled through the USDA-Soil Conservation
Service and in part by support from industry.

Eighty percent of the planned building construction is com-
pleted. A heavy equipment modification and installation lcad still
exists. We will be processing seed raised on the Center by fall,
1978. The bulk of our activities are in the field producing and
evaluating hundreds of ecotypes of native shrubs, forbs, legumes
and grasses.

One of the special aspects of this Center is its Advisory
Committee. This committee has a great amount of expertise in the
field of the Center's endeavor with representatives of cooperating
agencies and contributors. This body meets twice a year to formu-
late recommended actions for incorporation into the Administrative
Board's Center program.

PROGRAMS AT THE CENTER

A major progress accomplishment has been the development and
publication of a working Long Range Program for the Center. The
Advisory Committee developed the program around eight major priority
areas of vegetative needs: vegetation for big game; mining (oil
shale and coal); highways; other land disturbing activities (alpine
and subalpine to desert); low rainfall range; and turf grasses for
heavy uses.,

Twenty-one projects have been initiated during 1976 and 1977;
eight new ones are proposed for 1978. Table 1 identifies the active
projects. I would like to illustrate four areas of activity carried
out by Center staff.

Inittial Evaluation

One phase is described as initial evaluation. Project 1-76 is
an initial screening of 260 accession of shrubs, forbs, legumes and
vines. Species selected were thought to have potential for at least
four of the priorities described in the Long Range Plan. The data
begins on each accession with the original collector recorded site
conditions. Many of the accessions in this project came from high
altitude sites.
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Table 1. Active Environmental Plant Center Projects—-January 1, 1978.

INITIAL EVALUATIONS: The evaluation of the characteristics and comparative perform-
ance of an assembly of plants under controlled conditions so that promising plants
can be selected for further evaluation.

PROJECT

1-76 -- A look at 260 native accessions of forbs and woody plants

4-76 — Direct seeding of 480 accessions of grasses (Dryland)

5-76 — Direct seeding of 66 accesslons of forbs and legumes (Dryland)

6-76 -- Direct seeding of 1776 accessions of grasses (4 acres, Irrigated)

9-76 -~ Direct seeding for germination and seedling vigor of 171 native
accessions of forbs and shrubs (Mulched, Dryland)

17-77 -- Direct seeding of 105 accessions of irrigated grasses and sedges

18-77 ~- Direct seeding of 240 accessions of irrigated forbs and legumes

19-77 -- Potted material planting of 107 accessions of irrigated forbs and
legumes

20-77 -~ 8 acre orchard of woody species under evaluation and seed production

21-77 -- A block of outstanding grasses propagated from collection site to
Center by root stock.

ADVANCED EVALUATIONS: The more intensive testing of plants which have been seleced as
being superior in one or more attributes in the initial evaluation.

2-76 -~ Planting of potted and bare root material from Los Lunas Plant
Materials Center, 50 accesslons

3-76 -- Planting of potted materials from Cheyenne Horticultural Station,
30 accessions

8-76 -- Direct seeding of 40 accessions of grasses and legumes proven superior
at other Centers
10-77 -- Intercenter shrub planting of bare root and potted plants. Tublings

from USFS, Coeur d'Alene Nursery, bareroot and potted materials from
Los Lunas PMC, SCS

FIELD EVALUATION PLANTINGS: Plot or row plantings of one or more species or acces-
sions established at locations selected to .represent soil, climate, or other con-
ditions not represented on the Environmental Plant Center.

7-76 -~ Colony-Parachute Creek-0il Shale Area--initiated by Los Lunas PMC

in 1971, 64 accessions of grasses, forbs and shrubs. Interplanted

by EPC in 1976

Climax/AMAX Mine ~ High altitude disturbed land--planted 15 acces-

sions of potted woody plants and 48 accessions of grasses and sedges

12-77 -- TOSCO-Uintah Co., Utah-Low rainfall site in mineral development area.
Planted 35 accessions of potted woody ?1ants and 48 accessions of
grasses and sedges

11-77

13-77 -~ ColcWyo-=Coal mining area--planted 84 accessions of shrubs
14-77 —- Energy Fuels~Reclaimed coal mined area--planted 68 accessions of
shrubs

FIELD SCALE INCREASES: The reproductlon of plant materials for use in field plant-
ings and by cooperating agencies for further testing to finalize the feasibility of
a variety release, and to maintain a supply of genetically pure, high quality seed.

15-77 -~ Luna pubescent wheatgrass, Agropyron trichophorum (4 acres)
16-~77 -- Redondo Arizona fescue, Festuca arizonica (4 acres)
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Seed and materials for Center projects have come from three
major sources. Plant Material Centers have shared seed of their best
performers. A second source was the staff of the environmental Plant
Center. A third source has been the SCS state level plant sciences
staff along with field office employees, and range and soil scientists
located throughout the Upper Colorado region of Colorado, Utah, and
Wyoming. Once the seed enters a project, records are kept on each
accession as it responds to the various techniques employed to
encourage germination.

Table 2 is a sample of data recorded for Project 1-76. In
addition to germination, we have evaluated each accession for seedling
vigor, winter hardiness, growth, leafiness and seed production. 1In
addition, over the last two years, we have had a chance to measure
deer browse selectivity and their degree of utilization on this
project. Fall migrating deer herds foraged randomly for 30 nights
each fall. We think their selectivity denotes a definite accessional
preference.

Table 3 lists the top twenty-one plants as they relate to
four priority areas of the Long Range Program on the basis of the
first two years' results which are far from conclusive. These twenty-
one are selected out of 260 accessions representing 56 genera and
78 species. The Center has on hand 3,000 different accessions or
ecotypes. Most are in a Center project.

Field Evaluations at Reclamation Sites

In a second phase of evaluation, cooperating mining companies
have, in some cases, gone to great expense to provide a fenced site
near major reclamation areas suitable for evaluation of plant materials.
We have five evaluation plantings at such sites.

One high altitude planting is in cooperation with the Climax
Moylbdenum Company, AMAX, at 11,000 feet (3,350 meters). At the
other .elevation extreme, an evaluation plot is located in Uintah
County, Utah at 5,000 feet (1,525 meters) in cooperation with TOSCO.
ColoWyo, or W.R. Grace, has assisted us with a site near their coal
mine at 7,400 feet (2,255 meters). Energy Fuels, south of Hayden,
Colorado, has selected a plot site on reclaimed spoils in cooperation
with the Bureau of Land Management and the Center. One of the oldest
field evaluation plantings in the area is located near Colony's
‘Parachute Creek operation at 8,500 feet (2,590 meters). These pro-
jects permit the evaluation of superior accessions under several
different conditions and comparison of their growth characteristics
at the Center.
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Cultural Evaluations

A third phase carried out at the Center is classed as cultural
evaluations. Project 10-77 compares the use of bare root, tar paper
pots, or tubling materials as best methods for transplant. Project
9-76 measures the response of 171 top shrubs to direct seeding.

Seed Supply

A fourth phase deals with the actual production of seed
supplies for superior plants, The increase plantings consist of clean
fields producing high quality seed capable of qualifying as Founda-
tion Seed.

The Center is not in the business of selling plants or seeds,
It will develop outstanding ecotypes that will be released to com-~
mercial producers who will produce and sell Certified Seed or
planting stock., The EPC will be responsible in many cases for main-
taining the genetic purity and available seed supply of the released
ecotype. Materials dispersed for further testing or commercial pro-
duction are coordinated through the SCS Plant Materials Specialist.

SUMMARY

This presentation does not cover all projects and data
developed by the EPC program. It demonstrates that a facility exists,
operating harmoniously with government and private interests, which
can help locate and provide vegetation useful in reducing the impact
of development upon the environment of the Upper Colorado region.
The EPC needs your constructive help. No one has the time to waste
trying to prove again and agaln what is already known.

The development of just one superior plant will require a
minimum of five years; getting it into commercial production will
require an additional three to five years. We cannot afford to waste
time on a "less than superior” accession.

Some may wonder about the full value of superior accessions.
We think they spell long term success. According to a recent public
news release today's revegetation tests in the Upper Colorado region
lose 50 to 70 percent of the tested plants as soon as supplemental
water is stopped. Superior accessions should improve not only our
chances for successful revegetation, but should also harmoniously
improve the quality of the environment.
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A NOTE ON THE VARIETAL RELEASE PROCESS

.W. G. Hassell
SCS Plant Materials Specialist
Colorado and New Mexico

Plant materials developed by public agencies generally go
through a formal release procedure: 1) The data supporting outstanding
qualities of the new variety are assembled. 2) This information is
presented to the state varietal release committee of the respective
states. They either accept, reject, or request more supportive data.
3) If it is accepted, information about identifying characteristics are
assembled and the plant variety is presented to the respective state
crop improvement association as the quality control agency for commer-
cial seed production. 4) The material is released and made available
to the public (release notice) for commercial production. 5) If more
supportive data is needed we have to continue testing.
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Where there is not a 'standard" variety to compare or where we
are working with native plants and variation is a desirable charac-
teristic, agencies and varietal release committees are recognizing the
use of different standards and methods than generally applied to the
agronomic crops where statistical differences in stands or yields
is needed to support the release.

The State Crop Improvement Associations are developing dif-
ferent levels of certification to deal with woody plants, For example,
the following two classes were developed by the New Mexico Crop Im-
provement Association:

1) Source Identified is a class of tree seed defined as
seed from either natural stands with known geographic
source and elevation, or a plantation of known geographic
location.

2) Selected seed is a class of tree seed which shall be the
progeny of rigidly selected trees or stands of untested
parentage that have promise but not proof of genetic
superiority, and further for which geographic source
and elevation shall be stated on the certification label.

Other states are developing similar standards. As federal agencies,
I feel we can use these classifications and procedures to meet the
objectives of releasing plants for public use and to maintain a
quality product. These procedures should help make plants available
(released) to the public in a shorter period of time.

It is important to release plants for public availability.
However, we do need to know we are releasing a plant that will do a
job in the field and this requires a period of testing.



GRASS AND LEGUME IMPROVEMENT FOR HIGH ALTITUDE REGIONS

S. I. Kenny and R. L. Cuahy
Department of Agronomy
Colorado State University

The Committee on High Altitude Revegetation which has sponsored
the High Altitude Revegetation Workshops held in 1974, 1976, and 1978,
and Summer Field Tours each year since 1974, has also sponsored some
research in high altitude plant materials development. This is an
informational progress report about our activities which comprise
species and strain testing, breeding, and selecting and improving
native species. The latter program is our newest area of research.

BREEDING OF SMOOTH BROME

As a result of the good performance of 'Manchar' smooth brome-
grass (Bromus inermis Leyss.), at Climax and other high altitude
plantings in 1969, Drs. William Berg and Robin Cuany, started a
breeding project in 1970 whose early years are reported in Cuany
1974. Briefly, there were 4B0 seedlings of each of four cultivars,
'Manchar,' 'Sac,' 'Saratoga,' and 'Polar,' established as spaced
plants on disturbed soil at 11,200 feet (3,410 m) at Climax. After
two winters selections were made in June, 1972, and pieces of 79
plants were transplanted to Fort Collins for seed production in 1973
and subsequent summers. The first progeny test was planted in dis-
turbed soil at 11,200 feet in June, 1974, and scored for growth and
vigor in the summers of 1975, 1976, and 1977. 1In the 79-plant nur-
sery, observation of greater rhizomatous spreading tendency led to
the choice of nine clones which were separated into an isolated re-
combination block in 1973, parents 102-157 represent CSU-1, and har-
vested for polycross seed in 1973 and subsequently. The choice of
five other spreading clones in 1974 lead to another recombination
block, CSU-2, whose components 218~267 were harvested in 1974 and 1975.

In order to test the polycross progeny of the CSU-1 and CSU-2
series, all 14 polycrosses were included in the 1976 species and
strain tests (following section) and were seeded on molybdenum ore
tailings at the Climax mine. (Climax, Colorado at about 11,300
feet (3,450 m) is the site of one of the Climax Molybdenum Company,
AMAX, mines.) The tailings plot, located below the west end of the

84
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Robinson Tailings Pond, was limed with 4 tons of lime per acre (8.96
metric tons/ha) and mulched with 2 tons per acre (4.48 metric tons/ha)
barley straw. Fertilizers incorporated were 200 1b per acre (224 kg/
ha P,0g5 as (0-46-0) and 200 1b per acre K30 as (0-0-50). Ammonium
nitrate was top dressed after seedling emergence to give 60 1b N per
acre (67 kg/ha). The polycross progeny were hand seeded into three
rows each with three replications (nine rows per entry). Although
spreading tendency as observed in the Fort Collins clay loam soil

was the basis for selection of the 14 clones, it may be valuable

in the Climax tailings situation.

The results of the two sets of seeded row tests of 1974 and
1976 are summarized, for the parents involved in polycrosses in CSU-1
and CSU-2, in Table 1. There are discrepancies in their performance
at one site compared to another; in the case of the 1974 plantings,
there is an interaction with the years of observation (1975, 1976,
and 1977) so that the results from any one year may be unrepresen-—
tative. Nevertheless, polycrosses 139, 145, 249, 252, and 267 have
not shown sufficient value to be kept, but the other nine have been
saved. Certainly some of these progenies are better than the check,
'Manchar.' More years of observation are needed for proper evalua-
tion.

From the remainder of the original 79 parents, three years of
progeny test results led to the retention of 13 additional clones.
Repeated annual observation of the original 1,920 spaced plants
growing at Climax revealed, by 1976, some that looked as good as,
or better than, the 79 selected in 1972. Therefore, a further 56
plants were removed to our Fort Collins nursery in 1976. Fifty-five
of these were put with the 22 retained from the 1972 set into a new
duplicate seed production nursery. 1In this set, 35 plants were from
'"Manchar;' 24 from 'Polar' 12 from "Sac;' and 6 from 'Saratoga.' The
progenies of these 77 plants, with appropriate varietal checks, are
scheduled for test seedings in 1978 or 1979. In these critical envi-
- ronments, hasty choices are unwise.

SPECIES AND STRAIN TESTS

In 1974 and 1976 species and strain tests were established at
several subalpine locations in northcentral and central Colorado
(Table 2). Our testing program has consisted of seeded row plantings
of numerous species and different named varieties of some. At the
time of planting 100 1b per acre (112 kg/ha) of P205 was incorporated
into the soil and 50 1b N per acre (56 kg/ha) was added as a top
dressing. The rows were hand seeded and planted to contain about 20
pure live seed per foot of row. Two replications of each entry were
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Table 2. High altitude test plot plantings.

Location Year Elevation (ft) m
Steamboat Springs 1976 9,700 2,950
Winter Park 1974 10,600 3,330
1976 9,500 2,890
10,500 3,300
Urad 1974 10,600 3,330
Eisenhower Tunnel 1976 11,200 3,410
Vail 1974 9,000 2,740
Breckenridge 1974 10,700 3,260
Climax 1974 11,200 3,410
1976 11,400 3,470
Leadville 1974 10,000 3,040
Snowmass 1976 9,500 2,890
10,500 3,300
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planted in each plot. The average performance evaluations (Tables

3 and 4) generally reflect vigor and persistance. In Table 4,
numerical ratings are given for average establishment amounts in the
row. '

"The 1974 Plots

The plot at Breckenridge was established on July 10 on a
recently cleared ski slope. Some of the rows were damaged by heat
from a slash burn bonfire in 1974. No evaluation was made in 1975.
During the 1976 evaluation, many of the rows could not be distin-
guished because of seed washed or blow in from the ski slope seeding.

The Climax plot was graded by a front-end loader prior to
planting on July 9. A few entries were added on July 31 to this
severely disturbed soil site.

Two plots were established at the Colorado Mountain College,
Leadville. One was planted in October 1974 and the other in Spring
1975. The latter plot was replicated four times. Both plots were
hand cleared and not fertilized at the time of planting. In 1977,
nitrogen fertilizer was broadcast over the plot.

Two adjacent plots were planted at a site below Urad Lake.
Both plots were prepared by a front-—-end loader on July 8. Some
entries were added on July 23 and the adjacent plot was planted on
October 21. No evaluation was made in 1975, but all rows were ex-—
tensively hand weeded.

A plot was established on a recently cleared ski slope at
Vail on July 10. This plot was completely overgrown by seed washed
or blow into the plot from the ski slope seeding by 1976. Other
plots were established by Vail Associates at a higher elevation, but
these plots were overgrown by tansy mustard probably brought in with
the mulch used. (Only these plots were mulched.)

The Winter Park site was also established on a recently cleared
ski slope on July 10. This plot too was invaded by seed from the
ski slope seeding, but replication 1 was carefully hand weeded in
1975 and 1977. A complete evaluation was not possible in 1976.

The 1976 Plots

Two adjacent plots were established on disturbed glacial till
at Climax. One plot was planted on June 30 and the other on October.
2.
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Two plots of legume entries and one plot of smooth brome poly-
cross progenies (CSU-2) were established at Snowmass-at—-Aspen. The
legume plot at 9,500 feet (2,890 m) is in a clearing in an aspen
forest with relatively undisturbed soil. The other legume plot and
the smooth brome plot were established on a disturbed steep ski slope
at 10,500 feet (3,300 m). These plots have the advantage of
continucusly-monitored weather data. Both plots were planted on
July 1.

One plot was established on a recently graded slope near the
West Portal of the Eisenhower Tunnel on July 15.

Two plots were established in the Winter Park area. One was
planted on a previously graded slope in a spruce/fir forest at the
Mary Jane ski area at 9,500 feet (2,890 m) on July 16, The other
plot was established at 10,500 feet (3,300 m) on October 1 and has
not been fully evaluated.

The final plot was established on a skl slope at Steamboat
Springs on July 20. One replication was on graded subsoil, and the
other on a 3 inch (7.6 cm) layer of top soil which had been spread
over the graded slope. The bromegrass polycross progenies repre-
sented by CSU-1 and CSU-2 were planted in these six test plot
locations.

Observations

The results at Leadville (Table 3), the unfertilized plot,
demonstrate the need for supplemental fertilizer when planting on
these nutrient poor disturbed soils. The fescues seem to be better
adapted to these nutrient poor conditions than the large grasses.

The plot at Steamboat Springs demonstrated the benefits of
topsoil. The plants on the topsoil had a higher percentage of
establishment, persistence and vigor--the topsoil plants were 3«6
inches (7.6~15 cm) larger than those on subsoil. The reason for this
is probably due to the higher nutrient and water holding capacity of
topsoil.

With respect to planting time, for the grasses there appears
to be no difference, but for legumes there is a difference. The
legumes appear to benefit from a fall planting since they germinate early
enough the following season to produce enough growth for over-wintering
root reserves.

Table 5 summarizes the best all-around performing species and
strains according to category. A close look at Tables 3 and 4 shows
that no one species performs well at all locations. The data from
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Table 3 is more reliable since it shows three years of observations
at most locations.

Potential seed was harvested in 1977 from the 1976 test plots
at Steamboat and Winter Park. The Steamboat plot has a south expo-
sure while the Winter Park plot has a north to east exposure in an
open wooded area. The hard fescues, Canada bluegrass, and meadow
foxtail produced seed at both locations. 'Ruff' crested wheatgrass,
'Latar' orchardgrass, and 'Garrison' creeping foxtail all produced
some seed at Steamboat. The other species tested did not produce
seed. These species, then,could reseed to a limited extent in some
locations in some years. (The 1977 growing season was longer and
warmer than usual.)

Some of the species listed in Table 5 have particular adaptive
characters: reed canarygrass does best in moist sites; orchardgrass
in protected sites which are snow covered in winter; the Kentucky
bluegrass and the smooth brome both show spread out of the rows. The
fescues stay green later into the season than the other grasses with
no apparent affect on their over-winter survival. Timothy has the
advantage of being small seeded and hence can get into cracks readily.

The legumes are all difficult to establish. Better establish-
ment and survival may be obtained in fall seedings. Crownvetch is a
new entry which looks good from the aspect of being ungrazed by the
small mammals and occasional deer and elk feeding in our plots.
Alfalfa is the most grazed species. The biennial yellow sweet clover
does best at lower elevations where it can reseed itself '

We will continue to monitor these plots for survival of the
tested species. The plots at Breckenridge and Vail have been un-
weeded to allow for observation of persistence of the planted
species in conjunction with competition from invading species.

Plans for the future call for new test plantings with new
accessions and some natives compared to proven performers to be
planted in 1978. Continued testing is important to screen newly
released varieties and other untested materials in the high eleva-
tion locations; continued observations are necessary to obtain
reliable information on the usefulness of the tested strains. Be-
cause revegetation plantings are expected to last for many years,
evaluations must be made for many years.
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THE ALPINE ZONE AND NATIVES

Discussions with the Climax Molybdenum Company, AMAX, held in
the fall of 1977 brought out the need for more work on the revegeta-
tion problems and possibilities in the true alpine (about 11,500 feet
(3,500 m) or higher in Colorado), whether it be tundra or talus.

Some rock waste from mining may have to be treated as talus; other
disturbances can be modified with soil materials to provide a place
for seeding to alpine species which are native to the Rocky Moun-
tains. The search for native plant materials will begin this summer
with the guidance of Dr. Beatrice Willard.

Information provided by Brown et al. (1976, 1978) at the High
Altitude Revegetation Workshops has demonstrated the feasibility of
reseeding with native species in the alpine zone. The availability
of seed by gathering or by seed production of selected sources is a
critical factor. Seeds or plants could be transferred from the
alpine to a slightly less hostile climate at 9,000 to 10,000 feet
(2,740-3,040 m) to enable "controlled" seed production.

We have drawn up a "shopping list'" of species to be collected.
The number of experimental seedings will be determined by the quan-
tities of seed collected, their content of pure live seed, and the
number of species which are actually available this year. Among
the grasses we intend to represent in test plots, because of their
adaptation to one part or another of the alpine environment, are
one or more species of Agropyron, Calamagrostis, Deschampsia, Festuca,
Phleum, Poa and Trisetum. We would like to be able to plant sedges
such as Carex spp. and Kobresia spp.

There are numerous forbs on our 'shopping list.'" The Rosaceae,
for example, are represented by the genera Dryas, Geum, Potentilla,
Rubus, Sibbaldai, and Rosa. There are at least five genera of Composi-
tae and of Leguminosae, some with several species such as Trifolium
parryt, T. dasyphyllum,and T. nanum in the Leguminosae.

In our studies we shall hope to pay attention to moist or dry
areas and to predict which reconstructed places in the reclamation of
the Climax mine will have snow patches. It is well known that certain
genera and species thrive in show patches. It will probably be neces-
sary to make up three or four native seed mixtures after we have
tested the adaptation to seed propagation (or vegetative sprigging)
or the component species. Testing of the native alpine species and
strains of them, along with one or two introduced species already
found to do well at 11,000 feet (3,350 m) will begin in the fall of
1978.
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NATIVE PLANT IMPROVEMENT

Native plants are receiving increasing emphasis in revegetation
plantings. The usefulness of native plants depends upon the avail-
ability of constant seed supplies. In developing a seed source, it
is our belief as plant geneticists and breeders that improvements
can be made on native plant populations similar to those made in agri-
cultural plants. Our intent is not to drastically change the plants
with respect to their important adaptive characters; but characteris-
tics which might be improved include seedling vigor, persistence,
spread, vigor, and other desirable traits for rangeland uses. In
revegetation the primary concerns are plant establishment and sur-
vival with minimum maintenance input.

How do' we decide which natives should receive emphasis?. Where
do we find "good" plants? How long does selection and establishment
of a seed source take? We hope to answer these questions in this
section using, as an example, research work begun on lupine (Lupinus
argenteus) .

The best place to find suitable native plants is a disturbed
habitat. These environments are most like those encountered in
revegetation projects. The plants growing on disturbed sites should
already be "pre-adapted" to be able to survive and grow under nutrient
poor conditions. Lupines are found in disturbed habitats throughout
western and central Colorado. Our seed populations come from about
7,500 to 11,000 feet (2,285-3,350 m).

Lupinus argenteus is a highly variable species with a wide
range of morphological and habitat variability. Flower color ranges
from white to blue to purple; pubescence from none to high; leaf shape
narrow to wide; plant type stemmy to bushy; habitat from forest under-
story, road banks, sagebrush communities to sand dunes. The presence
of this visible variability should indicate other "invisible'" variation,
for example in biochemical processes. 1In plant breeding and selection,
variation is a must; without it we can make no improvements.

Nitrogen is usually the most limiting plant nutrient and espe-
cially so on disturbed soils. Legumes, lupines for example, have the
potential to fix nitrogen. Not all legumes fix nitrogen, but prelimi-
nary studies indicate that lupines do. Nodules have been observed
in the field; greenhouse tests have shown variability for nodulation
among populations. We hope to be able to capitalize on this variability
in improving lupine populations.

An important aspect of lupines with respect to their potential
poisonous hazard is their alkaloid content. Although we have not
sampled our populations for alkaloid levels we intend to do so and
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expect to find variability in amounts. Keeler (1973) has shown that
alkaloid content and level can vary significantly between populations.

Cuany (1974) presents a discussion on general breeding methodo-
logy and release of selected materials. Our selection of source pop-
ulations of lupines will be based on those with greatest nitrogen
fixation potential. Within these populations we will select for
lower alkaloid content and other desirable characteristics such as
seedling vigor. Testing the selected populations in seeded row ad-
aptation tests is necessary to indicate the ecological amplitude
of the various populations. Based on these results we will be able
to decide upon the best adapted source populations for special
purpose releases.

Any testing program requires either many years at one location
or less number of years at .several locations. To speed up the time
required for testing and consequently the years required, we will
use the latter approach. Before we can release a seed source we
must be sure of its performance. Early work with the lupines indicates
that ten years will be required before adequately tested seed sources
can be released.
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DISCUSSTION

HARRIS: 1In your plans for the future, you mentioned that you would
be planting test plots in the true alpine. How high will these
plots be? Will you use just natives:

CUANY: 'These plots will be at 12,000 to 12,300 feet (3,650 to 3,750 m)
at Climax, Colorado. The intent is to just use natives, but a few
non-native checks will be planted for comparison.

HARRIS: Will you plant test plots at areas other than Climax?

CUANY: 1t is important to test at more than one location, but these
other tests may need to be planted in 1979 or later depending on
harvests of native seed.

QUESTION: 1Is there any plan to study the longevity of the introduced
species?

CUANY: Yes, we will continue monitoring our test plots for persist~
ence and succession.

CROFTS: There is a tremendous interest in the use of native plants.
A portion of your research effort is directed towards the use of
lupines in revegetation. Moore pointed out that post-mining manage-
ment is a most important aspect of reclamation and revegetation. How
can you justify the use of a known posionous plant (since before
1900, lupines have been reported to be highly poisonous to livestock)
in revegetation plantings?

KENNY: Lupines, as do many other plants, contain alkaloids which ‘can
be poisonous to animals when ingested in large amounts. Work at the
USDA Poisonous Plant Research Lab in Logan, Utah has shown that some
species of lupines cause crooked calf disease due to the presence of
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the alkaloid anagyrine. (Journal of Range Management, March 1977,
Volume 30 p. 97-102.) The incidence of this birth defect can be
reduced by management techniques such as the timing of grazing.

Levels of total alkaloids and anagyrine have been shown to vary between
lupine species and populations within a species. By screening poten-
tial source populations for alkaloid content followed by selection

for low alkaloids we hope to reduce the alkaloid content to an accept-
able level. Although low alkaloid plants will not eliminate the po-
tential hazards, combined with good range management techniques they
could significantly reduce hazards to livestock.



DEVELOPMENT OF PLANT MATERIALS FOR
REVEGETATION IN ALASKA

W. W. Mitchell
University of Alaska
Agricultural Experiment Station

INTRODUCTION

Plant materials for Alaska must deal with a complex of forested
and tundra reglons that span almost 200 in latitude (Mitchell 1973a).
Tundra develops not only above timberline in alpine regions but also
at sea level from the lowest to the highest latitudes in the state
(Figure 1). Permanently frozen substrates confer a stunted aspect on
large forested tracts in the interior region, in contrast to the
healthy stands also occurring there on unfrozen or deeply thawed
substrates. Uplands and bogs provide a diversity of habitats imme-
diately adjacent to each other. The arctic tundra is underlain with
continuous permafrost often interlaced with ice wedges. These offer
particular concerns in erosion control.

The boreal region of Alaska bears certain similarities with the
subalpine regions of the mid-latitude Rocky Mountains. Many species
are common to the two regions. White spruce (Picea glauca), a major
dominant of the Alaskan boreal forest, is a close relative of the
Engelmann spruce (P. engelmannii), a subalpine dominant of the Rocky
Mountains. The two hybridize where they meet in Montana and Canada
(Fowler and Roche, 1977). Groves of aspen (Populus tremuloides) are
prominent in both regions. Unlike the high altitude stations in the
Rockies, however, where weedy annuals have not succeeded (Eaman, 1974),
a number are well established at boreal locations in Alaska. These
include lambsquarters (Chenopodium album), shepherdspurse (Capsella
bursa-pastorig), chickweed (Stellaria media), pineappleweed (Matri-
caria matricarioides), and others. A longer growing season at the
low altitude boreal stations than at the subalpine Rocky Mountain
stations probably permits this.

As may be expected, some of the same kinds of plants are in
use in the two regions. Many of the writers in the previous work-
shops have mentioned 'Manchar' bromegrass, timothy, and meadow fox-—
tail as constituents of high-altitude revegetation mixes (Berg, 1974;
Cuany, 1974; Welin, 1974; Brown and Farmer, 1976; Gregg, 1976;
Hendzel, 1976). These three grasses are important forage grasses and
are also used in revegetation mixes in Alaska.
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Some indications of behavioral similarities between elements of
the Colorado and Alaska flora have been gained in transplant garden
studies conducted in the two states. 1In a study at Palmer (near sea
level, southcentral Alaska), entries of alpine foxtall (Alopecurus
alpinus) from southcentral Alaska resembled entries from a high al-
titude station in Colorado more than those from northern locations in
Alaska (Mitchell and McKendrick, 1975). Furthermore, a low, subal-
pine meadow entry of hairgrass from southcentral Alaska and two
Colorado entries were similarly unhardy in both the Palmer and arctic
(Prudhoe Bay) gardens.

Grasses from Alaska grown in Colorado transplant gardens on an
altitudinal transect were highly variable in performance, some vir-
tually failing while others grew vigorously (Bonde and Foreman,
1973). The evidence suggests that northern or high altitude origins
for plant materials do not necessarily confer adaptability for simi-
lar habitats at other latitudes.

SOME FACTORS LIMITING SUCCESS OF INTRODUCTIONS

The use of plant materials at high latitudes places a premium
on adaptability for winter hardiness. While introduced plants often
encounter shorter growing seasons than those under which they devel-
oped, the longer day lengths are a compensating factor. Long days
under low evaporative stress can produce a lush growth, but the long
day regime also may affect winterhardiness. Some informative work on
alfalfa conducted at Palmer (ca. 62° N) demonstrated the role of day
length in the winter hardening process (Hodgson, 1964). The cold
tolerance of 'Ranger' alfalfa was increased significantly by arti-
ficially shortening the photoperiod commencing in mid August. Simi-
lar results were obtained with some grasses in a later trial (Klebe-
sadel, 1971). Plants with their origin in a regime with a lengthy
autumn following the equinox may be found deficient at higher lati-
tudes. In the boreal and arctic regions, days are relatively long
until the equinox, with little or no time after the equinox before
the onset of winter. Winter generally arrives before the equinox in
the Arctic and at some alpine stations. Maritime tundra locations in
the southwestern regions of Alaska experience longer fall periods
than the alpine and arctic tundra sites.

Unusually cold soils which may be underlain by permafrost are
a factor in plant establishment. Establishment is difficult in the
colder tundra regions where proper temperatures and moisture condi-
tions must coincide for a sufficient period for germination and
establishment to occur. During moist periods in the Arctic tempera-
tures may be too cold for germination to occur, and on well drained
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sites, conditions may become too dry during the warmer periods. 1In
plantings at Prudhoe Bay near the north coast, perennials generally
grow only 4 to 8 cm (1.5 to 3 in.) tall in the first year, thus must
endure the first winter in a poorly developed state.

A number of introductions are potentially useful in the boreal
region, but severe winters can decimate the less hardy. Introduced
materials often are low in heading ability in Alaska; they may,
however, be otherwise useful.

PLANT MATERIALS NOW IN USE

Plants used for revegetation purposes in Alaska are mostly
those that have been used for forage or turf purposes. These include
the following:

Common Name Latin Name Recommended Cultivar
Smooth bromegrass Bromus inermis Polar, Manchar, Carlton
Meadow foxtail Alopecurus pratensis Common
Creeping foxtail Alopecurus arundinaceus Garrison
Timothy Phleun pratense Engmo, Climax
Red fescue Festueca rubra Arctared, Boreal,
Pennlawn
Kentucky bluegrass Poa partensis Nugget, Merion, Park,
Sydsport
Hard sheep fescue Festuca ovina var. Durar
duriuscula
White clover Trifolium repens Common
Alsike clover Trifolium hybridum Aurora

Highway roadbank seedings generally consist of a mixture of
red fescue and Kentucky bluegrass, sometimes with white or alsike
clover added. ‘'Arctared' fescue and 'Nugget' bluegrass are the pre-
ferred varieties. Common often is used, however, because of price
considerations or shortages of seed supplies of the recommended
varieties. Consequently, such plantings may sustain considerable
winterkill during the more severe winters. Bromegrass and meadow
foxtail may be included in some mixtures. The other grasses also have
" been and can be used in various situations. Other grasses that have
shown potential for use on dry sites in interior Alaska are 'Sodar'
wheatgrass (Agropyron riparium) and 'Summit' crested wheatgrass (4.
eristatum).

Those of the above grasses selected under Alaska conditions
include Polar bromegrass, Arctared fescue, and Nugget bluegrass. Polar
involves hybrid material between the introduced B. inermis and the



Alaskan Plant Materials 105

native B. pumpellianus and selected backcrosses with B. inermis
(Wilton, et al., 1966). Arctared fescue is based on a collection
made near Palmer in the Matanuska Valley (Anonymous, 1965a). Be-
cause of the circumstances of the collection, provenance of the
variety cannot be known, but the variety behaves like indigenous
material. Nugget bluegrass 1s based on a collection made at a gold
mining camp in southcentral Alaska and almost certainly was an intro-
duction into the camp that persisted and experienced some natural
selection (Anonymous, 1965b). It 1s an excellent turf grass for
Alaska where snow mold is not a severe problem.

Arctared fescue has been the most important of the Alaska-
derived materials for revegetation purposes. It has proved to be
more adaptable and hardier than the other two grasses in the Arctic
and in some alpine regions where a critical need has developed for
revegetation materials. Nugget bluegrass has been marginally suc-
cessful in the Arctic, while none of the introduced varieties from
other states or regions have proved satisfactory there.

Scandinavian materials, though from latitudes on a par with
Alaska, often have been insufficiently winterhardy for use in Alaska.
'Engmo' timothy developed for northern Norway is used in Alaska but
may sustain injury in some winters. Some turf grasses from Scan-
dinavia are coming into use.

NEW RELEASES AND EXPERIMENTAL MATERTIALS

A number of native Alaskan materials have shown potential for
revegetation use and probably represent the best source for winter-
hardiness. Because a material is native, however, does not neces-
sarily mean it will be hardy when taken out of habitat and applied in
a different situation. Many native materials tested at Palmer have
not been sufficiently hardy. Palmer, though not in an area of severe
winter temperatures, is subject to occasional, strong winds in the
winter that remove the protecting snow cover from the open fields.

At times, the wind-chill factor can be severe. Thus, it has con-
stituted a good field laboratory to test winter hardiness.

Previously named plant species, and in some cases even varieties
have been reminiscent of those in use or under consideration for the
Rocky Mountain high altitude regions. But in discussing native
Alaskan materials under consideration, some new names, plus some
other familiar names, will come into play. The following species are
under experimentation:
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Arctagrostis latifolia - Polargrass (or arcticgrass)

Agropyron macrourum -

Agropyron spicatum "= Bluebunch wheatgrass

Agropyron trachycaulum - Slender wheatgrass

Agropyron violaceum '~ = Violet wheatgrass

Bromus pumpellianus - Pumpelly bromegrass

Calamagrostis canadensis - Bluejoint reedgrass

Deschampsia beringensis - Bering hairgrass

Deschampsia caespitosa - Tufted hairgrass

Elymus sibiricus - Siberian wildrye

Elymus mollis ‘ - Dune wildrye

Festuca ovina » - Sheep fescue (naturalized sources)

Festuca rubra - Red fescue ,

Poa glauca - Glaucous bluegrass (or Greenland
bluegrass) :

Poa Pratensis - Kentucky bluegrass (native and

' naturalized sources)
Puccinellia borealis ~ Boreal alkaligrass
Puccinellia grandis - Alkaligrass

A number of others have been named as having potential (Klebe-
sadel, 1973). Not all are receiving an equal amount of attention,
and determining which to stress, of course, is an important decision
that must be made and reviewed as one proceeds.

The discovery of oil at Prudhoe Bay centered attention on
revegetation problems in the o0il field and along the pipeline route,
and provided funds for research. The Arctic has been the area of
most concern with regard to finding appropriate plant materials. A
number of collections have been made of arctic materials of Pumpelly
bromegrass, polargrass, reedgrasses, wheatgrasses, wildrye (Elymus
innovatus), red fescue, tufted hairgrass, and glaucous bluegrass.
Working with arctic materials at boreal latitudes has presented par-
ticular problems, and the efforts have been largely unsuccessful.
The arctic materials may become subject to diseases to which they
have not been exposed in their native habitats. Many, rather than
growing more luxuriously In a warmer climate, assume a more prostrate growth
habit and produce their flowering culms low or flush to the ground.
The bulk of them are very poor seed producers in their native habi-
tat, and bringing them to a more southern, warmer climate has not
improved on that ability. Some may grow well vegetatively but not
reproductively.

Glaucous Bluegrass

The most signal success with the arctic materials tested to
date has been made with some collections of Poa glauca. The original
collections were made in 1969 as a member of an ecological survey
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team along the trans Alaska pipeline route (Mitchell, 1970). A spaced
planting of the material at Palmer was highly variable, with indivi-
duals demonstrating an extremely prostrate to a somewhat upright
growth habit, and many showing signs of stress early in the growing
season. - Fortunately, some individuals with the more upright growth
habit also were the more durable and were good seed producers. They
have bred true to form, either being highly self fertile or apomictic,
probably the former.

The cultivar 'Tundra' bluegrass has been released (Mitchell,
1976a) based on selections of the more upright type and is now a
patented variety. Though most of the native perennials require two
years' growth to produce a seed crop, under proper conditions Tundra
bluegrass can produce a crop in the seedling year. It 1s subject to
winter injury or winterkill where ponding and glaciering occur in a
field. Without injury, it can produce a heavy seed crop in the second
year, but generally declines in subsequent years. It 1s susceptible
to powdery mildew (Erysiphe graminis) infestations. Germination
percentages generally have exceeded 90% in laboratory trials. Tundra
has performed very well in arctic trials, where it will provide a
valuable addition to revegetation mixes. It is best adapted to
mesic to dry sites.

Polargrass and Bluejoint Reedgrass

Two other cultivars of native origin have been developed and
released for use. Arctagrostis latifolia occurs throughout mainland
Alaska, generally in mesic to wet sites. It can produce a tall, lush
plant with relatively broad leaves, which spreads comnservatively by
thick rhizomes. Tests of a number of collections have indicated
their adaptability to a range of sites from lowland to alpine to
arctic locations with preference for the more moist situations. The
variety 'Alyeska' polargrass is a composite based on 27 collections
made through interior and western Alaska (Mitchell, 1976b). Collec-
tion sites include coastal tundra, boreal forest, and alpine tundra
locations. No arctic materials were found satisfactory for use.

Seed yields of 100 to 200 1b/acre appear readily obtainable in field
plantings. Higher yields may be possible. Germination rates generally
have ranged from 70 to 90%. The grass also has shown potential as a
forage grass (Klebesadel, 1969a).

Calamagrostis canadensis is the most abundant grass in Alaska.
It occurs in dense, tallgrass stands in various locations through
southcentral and southwestern Alaska and is frequent throughout most
of mainland Alaska south of the Arctic. The variety 'Sourdough'
bluejoint reedgrass was released for revegetation use based on 36
collections made in a variety of locations through interior and
southcentral Alaska (Mitchell, 1976c¢). Sourdough is adapted to



108 Mitchell

forested, alpine, and arctic sites, similar to Alyeska, but is

better able to withstand the physical stress of the more exposed

sites. Seed yields of Sourdough are expected to be low, however,

partly because of large losses due to shattering as it approaches
maturity and to the death of lowering culms from insect or fungal damage
(a condition known as white top). Germination qualities are similar

to Alyeska. Bluejoint reedgrass is an important hay meadow grass in
Alaska (Mitchell, 1974).

The expense of seed supplies of these cultivars will likely -
require that they be used in mixes with other seeds. Some of the
advantages of their use include adaptability to cooler, shorter
growing season sites, superior winterhardiness, tolerance to acid
soils, and immunity to some diseases. Both bluejoint and polargrass
can be found on extremely acidic soils, as low as pH 3.5, and can be
used without the need for liming, which is very expensive in Alaska.
Snow mold (Selerotinia borealis and possibly others) is a severe
problem in some areas. In tests at a moist alpine site, snow mold
seriously depelted or ravaged some bluegrasses, red fescues, and
timothy. Meadow foxtail was badly injured, but recovered fairly well.
Polargrass and bluejoint, however, evinced complete immunity to the
disease. Some entries of hairgrass were highly susceptible while
others appeared resistant, demonstrating the possibility of selection
for immunity within this complex. Bromegrass cultivars generally
are not well adapted to alpine or acidic sites. Thus, there is a
scarcity of suitable materials for such situations.

Bairgrass

The hairgrasses—-Deschampsia caespitosa, interior form, and
D. beringensis, coastal form--offer good potential for use in Alaska.
However, they are an example of a group in which it is necessary to
identify the capabilities of individual collections or populations.
Ecotypical differences appear to be large with populations varying a
great deal in hardiness, disease responses, and amount of growth.

Bering hairgrass was used in a revegetation seeding on Amchitka
Island in the Aleutians following the completion of the nuclear
testing program (Mitchell, 1973b; 1976d). Though hairgrass is native
to the island, the seed did not originate ther.. The Amchitka popu-
lations are extremely poor in seed production, and seed increase at
Palmer was unlikely because of insufficient hardiness in the island
material. Seed for the planting was collected by hand from a coastal
population in southcentral Alaska, having been proved satisfactory in
tests conducted on the island.

Another interesting development with the same hairgrass is its
possible use in Iceland. A plant exchange program with Icelandic
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workers has led to some promising results with the grass in Ice-~
landic trials. Plans are underway for larger plantings of the ma-
terial in a reclamation program by the Icelandic SCS with seed being
produced in Alaska. Consequently, a varietal description and release
are in progress to preserve the integrity of the material and afford
certification of the seed to be transported to Iceland. This variety
can be used in various tundra regions of Alaska, as well.

Other hairgrasses are being tested that may have application
in the interior region. The taxon is under research for forage as
well as revegetation uses.

Red Fescue

Festuca rubra may be one of our most widely adapted species,
occurring from Mexico to the arctic coast of Alaska. Over the length
of that range it inhabits both tideland flats at sea level and moun-
tain meadows. In Alaska it is a component of tideland communities,
alpine and coastal tundra, the boreal forest, and arctic riparian
communities. Rarely abundant, nevertheless it often can be found in
some habitat of a given region.

I have spent considerable effort in assessing collections of
red fescue. To date, the release of a variety in addition to Arcta-
red does not appear justified. Nothing sufficiently superior to
Arctared has been identified for use through the interior forested
region of Alaska. Some apline and arctic materials have been iso-~
lated that may be superior for the tundra locations. However, cer-
tain problems have prevented final action. Susceptibility to diseases
is a deterrent with some of the arctic collections. Also, a very
annoying lack of consistent performance has prevented selecting
individuals for seed yielding ability. High producers in one year
may be extremely poor producers in the ensuing year. Work is con-
tinuing, however, to derive a red fescue that is sufficiently winter
hardy and that is more snow mold resistant than current varieties
for possible revegetation, turf, and grazing use.

Other Materials

Selections of Festuca ovina are being attempted as a possibility
for dry sites, but only a limited amount of material is available for
trial. A number of wheatgrasses have been tested at various revege-
tation sites, but little work has been carried on with them. Possibly
they have been neglected too much. The wildrye Elymus sibiricus
has received some attention in forage work (Klebesadel, 1969b), is a
prolific seed producer, but appears to be relatively short lived.
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The wheatgrasses and wildryes tested seem to do best in sparse
plantings. ‘

The wildrye Elymus mollis has a possible special purpose applica-
tion. It occurs along the sea coast of Alaska in the upper high tide
zone and on dune sites and some bluffs out of the tidal zone. It
performs abominably in seed production, but spreads vigorously by
thick rhizomes. It has been used successfully as vegetative trans-
plants in oil spill trials at Palmer (unpublished data). If the
need arises, the abundant native populations stand ready as sources
of material for oil spill rehabilitation on the sea coast or for
dune stabilization by sprigging.

An alkaligrass, Puccinellia grandis, has provided a source of
material for some small plantings of waterfowl habitat on tideland
flats of southcentral Alaska. The possibility of future needs is
prompting expanded work with this grass.

Thus major efforts have been concentrated on a few grasses,
but a number of others have been kept in the lineup for possible
use in special situations or a shift in emphasis of needs. Major
coal field developments could bring such a shift.

SOME CONCEPTS BEHIND SELECTION PROGRAM

The principal objectives behind the development of the three
‘'varieties were as follows:

(1) To meet a critical need for more and better materials for
use in the Arctic. Tundra was developed specifically for this pur-
pose and is the first material of arctic orgin that has been re-
leased for use. The cultivars Alyeska nad Sourdough also can be used
in the Arctic, thus improving further on the mix.

(2) In addition to the above to provide some broad-based material
that would have a wide application in the state, particularly in situ-
ations where currently available materials grow with difficulty.

This includes the tundra regions in general and often the lowland
muskeg sites that may be acidic and prone to disease problems. Alye-
ska and Sourdough help to meet this problem on mainland Alaska.

(3) To make available indigenous seed for inclusion in mixes
where it is desired to promote the return of native materials or
where stipulations require their use. In some park and refuge
plantings it is being stipulated that only native seeds be used.
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It appeared best at this stage to make available some varie-
ties with broad adaptability. Both polargrass and bluejoint reedgrass,
as species, evince this plasticity with their frequent occurrence
throughout the bulk of Alaska from lowland to alpine situations. By
synthesizing varileties from collections made in a number of locations,
a broad base was given the cultivars. Refinements may be necessary
in the future, however, as more results of their applications are
obtained.

Some progress has been made in identifying likely sources of
material for research. For instance, grasses obtained from alpine
tundra and western coastal tundra regions are likely to be better
seed producers than those obtained from the arctic tundra. But
grasses derived from maritime tundra in the Aleutian Islands, at some
of the southernmost latitudes in Alaska, have been poor seed pro-
ducers. While tundra locations are climatically severe, materials
obtained from such sites may not be sufficiently winter hardy for
general use. This probably reflects the adaptation of local demes
to habitats with a heavy, protective snow cover, so habitat prefer-
ences must be considered.

An interesting problem revolves around the fact that some spe-
cles are a complex of chromosome races. Calamagrostis canadensis
in Alaska consists of three races--namely, tetraploids (2n = 28),
hexaploids, and octoploids (Mitchell, 1968). All three races are
represented in the variety Sourdough. Whether one race has an
advantage over another has not been determined. However, in some
regions the tetraploid race appears to have been the most competi~
tive, with the hexaploid and octoploid races being restricted to
relic stands. The Alaska populations are the first reported tetra-
ploids on the North American continent. The evidence suggests that
they are relatively recent migrants across the Bering Straits and
may be in the process of expanding their range.

Other grasses under study, such as polargrass, the hairgrasses,
and red fescue, also are known to consist of different chromosome
races. Interbreeding populations of mixed races could limit recom-
bination opportunities and possibly reduce reproductive capacities.
The merits of combining or isolating different races in deriving
cultivars need to be determined.

SUMMARY

The primary emphasis on the development of plant materials for
revegetation use in Alaska has been on materials for arctic tundra
regions. Of the commercially available cultivars, only Arctared
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fescue demonstrated any degree of reliability in the early trials
conducted in the Prudhoe Bay region. Nugget bluegrass was marginal
in performance. All other available cultivars failed. Both Arctared
and Nugget had been selected from collections made in Alaska.

Three varieties of native origin have been developed that can
be applied on the Arctic. Tundra glaucous bluegrass (Poa glauca),
based on arctic material, has been a superior performer in arctic
trials. ' It is recommended that its use be confined to the Arctic.
Alyeska polargrass (Aretagrostie latifolia) and Sourdough bluejoint
reedgrass (Calamagrostie canadensis) are based on collections made
in numerous locations through mainland Alaska south of the Arctic.
Both cultivars can be applied throughout most of Alaska but most
particularly in the more difficult tundra regions and on boggy and
strongly acidic sites.

An ecotype of Bering hairgrass (Deschapmsia beringensis) has
been used in revegetation seedings on Amchitka Island, a maritime
tundra location, and shows promise for reclamation use in Iceland.
Assignment to varietal status is now in process.

~ Alkaligrass (Puccinellia grandis) has been used in some water-
fowl habitat plantings on tideland flats. Work is continuing on the
grass to serve such specialized purposes.

Less attention has been given the revegetation needs of the
forested region of Alaska because grasses currently available can
be applied there. Alyeska polargrass and Sourdough reedgrass can
supplement these in the more moist problem areas. Nevertheless, an
improved seed mix for use in the forested region is desirable. Work
is underway on the development of hardy, close growing, low mainten-
ance types for roadside plantings. Some refinement of Polar brome-
grass is in progress, particularly with respect to raising its seed
producing qualities.

Native species have demonstrated a high degree of wvariability
in hardiness, disease resistance, and seed producing characteristics.
Selection efforts have been necessary to identify individuals or
populations that possess appropriate adaptations and agronomic traits
for commercial growth and revegetation plantings over wide areas.
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DISCUSSION

WILLARD: Have you done any work with Carex?

MITCHELL: Carex is difficult to work with. It generally requires a
cold treatment to enable germination. One could make
vegetative transplants, however, we have not had much
success at Palmer.

CUANY: How many plants are in your initial nurseries; how many in
the released synthetic varieties?

MITCHELL: Poa glauca, 'Tundra' bluegrass - 500 plants initially;
29 in the variety; Arctagrostis latifolia, 'Alyeska'
arcticgrass - 1,000 to 2,000; 28 in the variety; Calama-
grostis canadensis, 'Sourdough' bluejoint reedgrass -
1,000 - 2,000; 36 in the variety.



REHABILITATION OF A HIGH ELEVATION
- MINE DISTURBANCE

R. W. Brown and R. S. Johnston
Foresty Seiences Laboratory
Logan, Utah

INTRODUCTION

Of the approximately 3 million ha (7.5 million acres) of alpine
tundra in the western U.S., nearly 12 percent (344,000 ha, or 850,000
acres) has been disturbed and is in need of rehabilitation. A recent
survey shows that the major causes of disturbance in the alpine zone
are due to such activities as 1) grazing, 2) recreation, 3) mining,
4) roads, and 5) other sources (Brown et al. 1978). This survey
also documents that the rate of disturbances is accelerating, and
that this trend is expected to continue into the next century. Un-
fortunately, the most alarming disclosure of this survey 1is the
apparent lack of regard by some land managers for the vital watershed
and recreational values of high elevation lands. It is essential
that these values be managed with the same degree of concern given
other resources, such as timber.

In order to restore surface stability, esthetic compatibility,
and perhaps productivity to high elevation disturbances, reliable
rehabilitation techniques are needed. In most cases. the establish-
ment of a plant cover is viewed as the primary meansg of achieving
rehabilitation. The general principles of revegetation probably
apply in any ecosystem, but the subtle aspects of timing, selection
of adapted plants, and considerations of harsh micro-environmental
factors are of magnified importance in environments that approach
the limits of adaptability for vascular plants. Unfortunately, the
development and implementation of suitable revegetation techniques
continues to lag behind other aspects of natural resource management.
Nowhere is this more evident than in extreme environments such as
the upper subalpine and alpime life zones.

In the development of revegetation techniques, an attempt is
made to mesh together the requirements for plant growth with the
various features of the physical environment. This implies a basic
knowledge of the physiological requirements of the plants to be used
together with the identification of their limiting factors. The
unique physiological features of alpine plants (Billings 1974)

116
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together with the impacts caused by disturbance, coupled with the
severe environment of high elevations, dictates that specific
techniques for revegetation be developed,

Since Harrington's (1946) early efforts on Trail Ridge in
Colorado, very little research has been devoted to the development
of high elevation revegetation methods. OQur research was initiated
to develop rehabilitation methods for high-elevation disturbances
on the Beartooth Plateau in 1972. Studies included several different
aspects of rehabilitation such as consideration of 1) plant succes-
sion, 2) species adaptability, 3) characterization of microenviron-
mental factors, including soils aud hydrologic phenomena (Johnston
et al. 1975), 4) revegetation trials by seeding and transplanting
(Brown and Johnston 1976, Brown et al. 1976), and 5) laboratory
bioassays.

During the 1976 growing season we applied the combined results
of these various studies to a larger scale rehabilitation demon-
stration effort on the McLaren Mine in the Beartooth Mountains of
Montana. The objective of this effort was to develop a rehabilitation
plan which would lead to the establishment of a stable plant cover
on relatively sterile acid-producing spoils in a high elevation
environment. Also, we intended to demonstrate that the results from
small revegetation plots and other studies could be applied to large
scale rehabilitation efforts,

REHABILITATION METHODS

The study area is located on the McLaren Mine at an elevation
of about 3,000 m (9,800 ft) in a subalpine-alpine tranmnsition zone.
With the exception of some recent mineral exploration, this mine has
been abandoned since the early 1950's. Prior to this, the McLaren
Mine was a shallow open-pit copper-gold-silver mine that occupies
a disturbed are of about 13.5 ha (33 acres). The mine is situated
on a west-facing slope in the headwater drainage of the Stillwater
River. Considerable off-site damage to adjacent plant communities
and the aquatic habitat has resulted from the drainage of highly
acidic water containing toxic concentrations of heavy metals from
the mine (Johnston et al. 1975).

A site of approximately 1.0 ha (2.4 acres) in area with a west
aspect and a 15 percent slope was selected on the north edge of the
mine. The spoil materials and topography of the site were character-
istic of the entire disturbance, and was selected so as not to inter-—
fere with future mineral exploration or other rehabilitation activi-
ties. Numerous spoil piles, trenches, deep depressions, and debris
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which are commonly associated with abandoned mines characterized the
site.

The rehabilitation plan for the study area included: 1) shaping
and contouring the spoil material, 2) revegetation (seeding, trans-
planting, and associated treatments), followed by 3) monitoring
evaluation, and supplemental maintenance as required.

Shaping and Contouring

The site was shaped and contoured with a crawler-mounted D9
dozer equipped with a soil pushing blade. Approximately 16 hours
of operation time was required to complete this phase in early
August, 1976. The spoil materials with the lowest pH and containing
the highest concentrations of toxic substances were used to fill
depressions, and were covered with the best growing medium available.
The entire site was rough-graded and contoured to conform to the
natural topography of the area using only the materials available
on the site.

Revegetation

The revegetation phase of the study was completed in the fall
(September) of 1976. As a result, two requirements of the study were
met: 1) the spoil material on the contoured site was allowed to
settle, and 2) fall seeding and planting were accomplished, which
has been shown to be most advantageous in high elevation regions
(Brown et al. 1976). Late fall planting avoids pre-winter seed
germination and the breaking of dormancy of transplants which could
result in frost damage to young tissues. Also, some native species
have cold-induced dormancy requirements for germination and growth
and fall planting ensures that plants will initiate growth during
optimum periods in the spring. In addition, high elevation areas
are generally inaccessible until late spring or early summer because
of late melting snow drifts. By then the short-growing season may
have already begun, and growing conditions may no longer be favorable.

Soil amendments. Results from plot studies and laboratory:
bioassays have shown that several soil amendments are essential
for plant growth on this site (Brown and Johnston 1976). In addition,
analyses of soil samples from the site were used to determine nutrient
deficiencies, cation exchange capacity, pH, water-holding capacity,
and levels of heavy metal concentrations. Amendments were applied
to ameliorate the limiting edaphic factors where feasible.




Mine Disturbance Rehabilitation 119

Based on these analyses and trials, lime was applied at the rate
of 2,200 kg per ha (2000 1bs per acre) to increase the spoil pH to
about 5.0,,and provide increased nutrient availability to plants in
acid soils. 1In addition, a granular fertilizer with an N-P-K ratio
of 18-46-5 with 0.8 percent zinc was applied at the rate of 672 kg
per ha (600 lbs per acre). Dried steer manure was then applied to the
surface at a rate of 2,200 kg per ha (2,000 1bs per acre). The lime,
fertilizer, and manure were applied separately and as uniformly as
possible with a fertilizer spreader pulled by a small crawler mounted
dozer. Then these three amendments were incorporated into the surface
15 em (6 in) of soil with a spring-tooth harrow pulled by the dozer.
Care was taken to work the spoil material on the contour to avoid
creating drainage paths down the slope.

Seeding and planting. Previous revegetation plot studies
(Brown and Johnston 1976) have shown that most commercially avail-
able introduced species are not suitable for seeding on the McLaren
Mine. Therefore, only a mixture of native species was used, the
seeds of which were collected by hand from surrounding undisturbed
areas earlier in the summer. The seed was dried, cleaned, weighed,
and tested for germinability in the laboratory prior to seeding.

The species selected for use were determined from plant succession
studies and observations of native plant colonization on other areas
of the mine (Brown et al. 1976). However, the actual seeding rate
of each species was determined more by the amount of seed that could
be collected than by any other factor. Seed availability at high
elevations may be severely limited in any given year because of poor
growing conditions. The species used and their seeding rates are
listed in Table 1. The seed was applied uniformly over the surface
with a seeder-packer pulled by the dozer at a bulk rate of 83 kg per
ha (74 1lbs per acre). The seeder-packer ensures intimate contact
between the seed and soil particles and firms the seedbed. About
0.7 ha (1.7 acres) of the study area was seeded in this manner.

Grass transplant plugs, grown from seed collected the previous
year, were planted on the remaining 0.3 ha (0.7 acre) area of the
study site. Both native and introduced species were used in this
phase of the study. The adaptability of iIntroduced species used
as transplants had not been tested previously on this site. These
plants were grown from seed in plastic tubes (Cone~tainers pine
cellsl) by the U.S. Forest Service, Coeur d'Alene Nursery, in northern
Idaho. The plants were allowed to harden-off on the site for about 3
weeks prior to planting in September 1976. The species and number
of each used are listed in Table 2. Approximately 5,300 grass plugs
were planted in rows contouring the slope on a grid pattern of 0.6 m
(2 ft) between rows and plants.

lRay Leach Cene-Tainer Nursery, Canby, Oregon. Trade names are
provided for the convenience of the reader and do not imply endorse-
ment by the USDA Forest Service.
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Surface mulch. A surface mulch consisting of 2,500 kg per ha
(2,200 1bs per acre) of straw, tacked down with water soluble asphalt
emulsion, was blown onto the site with a power mulcher. The entire
seeded area was covered with the mulch, but only one-half of the
transplant area was mulched. An effort was made to avoid thick
accumulations of straw on the site that might act as an excessive
heat trap and barrier to seedling emergence. A total of 9 barrels
(about 1,875 1 or 495 gal) of asphalt emulsion was applied simul-
taneously with the straw in order to bond the individual interlocking
fibers together on the surface. This prevents redistribution of the
straw by wind prior to plant emergence.

Post-Treatment Maintenance

As a precautionary measure, the entire area was fenced and posted
to control access to grazing animals and recreational traffic, which
is quite heavy in this area. The following year, soil samples were
collected and analyzed for pH and major plant nutrients. This prac-
tice will be continued routinely in future years to follow the develop-
ment of the spoil as a growing medium. Then the area was fertilized
with a granular mix of 27-0-0, at the rate of 112 kg per ha (100 1bs
per acre). This early refertilization is intended to provide the
plants with a readily accessible supply of nitrogen for more rapid
growth during the first growing season.

Near the end of the 1977 growing season, 54 quadrats, each 0.1
m , were used to estimate total plant cover, species density, species
frequency, litter cover, and total plant production. Production was
determined by clipping all above-ground plant parts, oven drying at
859C and weighing. The quadrats were randomly distributed over the
entire seeded area. On the transplanted area, percent survival of
each species was recorded, and measurements for basal diameter, plant
height, observations of flower production, and samples for plant
production were collected. These monitoring procedures will be con-
tinued for several years to determine long-term species adaptability.

RESULTS AND DISCUSSION

The first-year results from the seeéded portion of the study site
are summarized in Table 1. The average total dry weight production
of plants on the seeded area was 113 kg per ha (1201 1bs per agre)
with an average plant density of 399 plants per m (about 11 £t°).
Also, the average vegetation cover after the first growing season
was 21.7 percent and the average litter cover, including straw mulch,
was 49.3 percent. It should be noted that during the first growing
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Table 1. Summary of first-year results of seeded demonstration area
on McLauren Mine, Beartooth Plateau, Montana,

1976 1977
Seeding rate No. plants Plant

Species kg/ha? per m? Frequency
Agropyron scribrneri 1.6 0 0
A. trachycaulum 8.6 26 0.83
Carex drummondii 7.8 0 0
Deschampsia caespitosa 45.2 279 1.00
Phleum alpinum 5.2 14 0.43
Poa alpina 12.7 72 0.85
Trisetum spicatum 1.9 0 0
Triticum aestivum 0 4 0.19
Weeds 0 4 0.39
Total 83.0 399
Average production 113 kg/ha
Total cover 71.0 percent

Average plant cover 21.7 percent

Average litter cover 49.3 percent

21 kg/ha = .897 1b/acre

1 m2 = 11 ft2
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season some invasion by forbs (weeds) occurred, and that some plants
of Triticum aestivum became established from seed that apparently
came in the straw mulch. It is anticipated that the plants of T,
aestivum will continue to decline in future years because the growing
season is too cool and short to promote seed production of this spe-
cies. However, continued invasion by native plants is expected from
the surrounding undisturbed communities, as was documented for other
portions of the McLaren Mine by Howard (1978).

Four native species provided virtually all of the first year
cover and production on the site (Deschampsia caespitosa, Poa
alpina, Agropyron trachycaulum, and Phleum alpinum). These are the
same species that Brown and Johnston (1976) earlier noted as being
most successful on revegetation plots on the McLaren Mine. Also,
these same species have been commonly observed as active native
colonizers on disturbed sites throughout the Beartooth Plateau
(Brown et al. 1976). However, it is reasonable to expect that some of
the other species planted may have experienced delayed germination,
and may contribute to total cover and production in future years.
Their value as revegetation species may not be apparent for several
years since some:.of them have well documented narrow germination
requirements (Amen 1966). This is particularly true for Carex spp.
(Johnson et al. 1965). Deschampsia caespitosa was the most abundant
species on the site and was the only one encountered in all of the
quadrats studied.

We would like to emphasize that these are only first-year
results and that caution must be exercised in projecting their
potential impact on site rehabilitation. However, comparisons of
these results with first year results of previous revegetation plots
on the McLaren Mine are encouraging. For example, Brown and Johnston
(1976) used essentially the same speciles but treatments that did not
include lime, organic matter, or a surface mulch, and found that
cover were virtually impossible to estimate because of poor plant
development during the first growing season. They found that average
plant cover was only about 2 percent after one growing season, whereas
in the present study, using these additional treatments, plant cover
was about ten times as great. Also, on these earlier study plots,
Brown and Johnston (1976) noted plant densities ranging from two to
three times as great as those reported here. Despite the higher
plant densities, low cover and production estimates indicate that
poor site protection was provided during the first growing season.
Also, a seeding rate of 83 kg per ha (74 1lbe per acre) was used in
the present study compared to 56 kg per ha (50 lbs per acre) in the
earlier study. Some explanations for discrepancy in seedling den-
sities on the two different study areas include the possibility of
lower seed germinability of plants used on the demonstration area
and less favorable seed germination conditions in 1977 than in 1975.
Climatic data collected during these growing seasons indicate that
1977 was much cooler and wetter than the 1975 season. The greater
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production in the present study may be attributed to the more inten-
sive soil treatments applied, together with the higher availability
of soil water during the 1977 growing season.

The percent survival and production of the transplants during
the first year are summarized in Table 2, The average survival of
all species was 65 percent, but there is a substantial difference
between native and introduced species. The natives had an average
first year survival of 75 percent, whereas the introduced species
had only 39 percent. Also, the data show that, on the average, the
native species had a slightly higher production per plant than did
the introduced species.

Although the native transplant Agropyron scribneri had 100
percent survival, too few plants were available for conclusive evalu-
ation for its adaptability to these conditions. However, the results
with the other native species, exclusive of Agropyron scribneri, are
similar to those obtained in other years (Brown and Johnston, 1976)
and probably can be accepted with somewhat greater reliability. Also,
since this was only the first time that introduced species were
tested as transplants on this mine, the encouraging results of
Alopecurus pratensis and Poa compressa, and the discouraging results
of the other introduced species, should be viewed with caution.

The results of transplant growth and development are summarized
in Table 3. The apparent depressant effect of the straw mulch on
transplant growth and development was unexpected. These data show
that the mulch has a negative effect on basal diameter and height
growth for all species, and a depressing effect on flower development
for nearly all species. Growth of the native species was affected
less than that for the introduced species by the mulch. Although
survival data were not presented for the mulch effect, our field
data reveal that 80 percent of all mortality of the transplants
occurred in the mulched portion of the study area.

Although quantitative data are not available to explain the
depressant effect of the straw mulch on plant survival, growth, and
development, some justification for speculation exists. In normal
years the growing season is relatively dry and warm, and a surface
mulch could be expected to retard evaporation, ameliorate high surface
temperatures, and retard severe frost action (Brink et al. 1967,
Johnston et al. 1975). However, the 1977 field season was consider-
ably cooler and wetter than the normal years since 1972. It is
possible that the mulch wmay have maintained suboptimum temperatures
for growth near the soil surface. On several occasions it was noted
that mid-summer snow fall accumulations lingered on the mulch surface,
whereas it melted more quickly on the untreated spoil piles. The
effect of straw mulch on transplant growth and survival may be quite
different during dry years. Needle-ice formation was not noted in
the mulched area, but was observed frequently in the surrounding
unmulched areas (Howard 1978).
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Table 2. Summary of first-year results of transplant survival and
production on the McLaren Mine, :

Ave, dry No. No.
Percent wt. per a Planted Live
Species Survival plant gm 1976 1977
NATIVES
Agropyrbn seribneri 100 2.0 8 8
A. trachycaulum 83 1.4 124 103
Deschampsia caespitosa 72 2.4 993 711
Phlewn alpinum 73 3.5 1016 739
Poa alpina 80 3.7 1682 1351
Trisetum spicatum 24 0.9 86 21
Total/Average 75 2.3 3909 2933
INTRODUCED
Alopecurus pratensts 72 0.9 349 253
Bromus inermis 29 1.3 272 78
Dactylis glomerata 7 1.1 270 20
Festuea arundinacea 24 0.5 245 59
Phlewm pratense 40 1,1 248 100
Poa compressa 91 6.5 70 64
Total/Average 39 1.9 1454 574
Total/Average All Species 65 2.1 5363 3507

21 gm = ,035 oz.
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Three introduced species, Bromus inermis, Dactylis glomerata,
and Festuca arundinacea, showed clear indications of poor adaptability
to conditions on the McLaren Mine. Their percent survival and
average dry weight (Table 2), and their average basal diameter
(Table 3) were substantially lower than the other species. This
suggests that these species should probably not be included in a
rehabilitation plan for such areas. However, the other three intro-
duced species, Alopecurus pratensis, Phleum pratense, and Poa
compressa showed encouraging results, and may have some potential
for rehabilitation. In particular, Peoa compressa should receive
intensive study since it its rhizomatous habit could prove to be most
advantageous. The other two introduced species have been widely
used for high elevation rehabilitation (Cuany 1975, Brown
1976), and appear to be well adapted for at least short-term appli-
cations.

Among the native species transplants, only Agropyron trachy-
caulum showed marginal basal diameter growth during the first growing
season. Although Trisetum spicatun had the lowest percent survival
of the native species, its growth under the no-mulch conditions was
very substantial. The lack of flower production in both Trisetum
spileatuwn and Deschampsia caespitosa was not unexpected, since we have
noted this phenomenon during the first growing season under nursery
conditions. Although growth and development data for Agropyron
seribneri were not collected (too few plants were planted to provide
a fair appraisal), all 8 plants had flowered and had assumed the
prostrate stature characteristic of this species, The severe nature
of the environment under which this species naturally grows suggests
that A. scribneri should be studied in greater detail to determine its
adaptability for revegetation purposes, Laboratory and field studies
(Table 1) indicate a low seed viability for this species, but vegeta-
tive propagation has been successful.

CONCLUSIONS

The results of this study suggest several conclusions, even
though the data presented are only first year results and must be
viewed with caution. It appears that the methods and techniques
proposed here provide an ameliorative effect on the acid spoils of
the McLaren Mine. It has been shown, for the native species used,
that certain treatments are essential to alter conditions of the
spoils sufficiently to support plant growth and development. These
treatments ‘include lime, organic matter, fertilizer, and a surface
mulch. WNative subalpine and alpine grasses can be successfully used
to establish a plant cover on high elevation severe disturbances,
and these species can produce substantial growth and development
during the first growing season.



Mine Disturbance Rehabilitation 127

One of the major objectives of this study was to demonstrate
that the results of small plot studies and greenhouse bioassays can
be applied to larger areas. It appears that this was achieved, and
that at least within the limits of the present study, results from
small plots are applicable to large rehabilitation programs. Data
from small plot and greenhouse studies are often criticized as being
unrelated to a large area requiring rehabilitation, The results here
demonstrate that when applied with care, such studies can contribute
substantially to rehabilitation efforts.

Based on the early results of this study, it seems apparent
that the proposed techniques can be applied to other similar distur-
bances in the Rocky Mountain area. One major point of concern, how-
ever, is the relative inaccessibility of many of these disturbances,
and yet the need for heavy equipment to prepare them for planting.
In particular, shaping and contouring appear to be vital steps in
the program, requiring the use of a dozer or similar earth-moving
equipment. The shaping and contouring eliminates wind-swept ridges
that tend to scour during the winter and become parched barrens
during the summer. Also, it removes depressions and other irregulari-
ties that become pockets of deep snow accumulation and ponds of acid
water that frequently wash out and spill onto the natural plant com—
munities downslope. We noticed that snow distribution on the study
site was very homogeneous early in the spring, which appeared to
promote uniform infiltration of snow-melt water, a more regulated
rate of runoff, and evenly distributed plant emergence and develop-
ment.

The spoil amendments of lime, fertilizer, organic matter, and
a surface mulch appeared to promote excellent plant growth uniformly
over the entire seeded area. However, a surface mulch may not be
desirable on transplants, as evidenced by its depressant effect on
plant survival and growth. Transplant survival and growth on the
unmulched portion of the plot appeared to be satisfactory, especially
for the native species. This will require additional research since
this effect may have been tempered by climatic conditioms.

Perhaps the most expensive part of rehabilitating high elevation
disturbances is the collection of native seed. The rehabilitation
plan for these harsh environments should include the development of
nurseries or other facilities for raising seed and plants of native
species under controlled conditions. Many alpine species can be
successfully grown and encouraged to produce abundant viable seed
crops in nurseries, and a cooperative effort for this purpose is
presently being formulated between the U. S. Forest Service and the
Soil Conservation Service.'’

The "key'" native grasses that appear to have the greatest
potential for the rehabilitation of high elevation disturbances in-
clude:
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Agropyron scribneri

A. trachycaulum
Deschampsia caespitosa
Phleum alpinum

Poa alpina

Other natives such as various Carex species and Trisetwn spicatum
may be important, but certain physiological limitations need to be
studied in greater detail before their inclusion can be justified.
Among the commercially available introduced species, Alopecurus
pratensis appears to have the broadest adaptability. Other intro-
duced species, such as Poa compressa, which are not generally com-—
mercially available, may also be well adapted. TFurther study of -
Poa compressa is needed to determine if its rhizomatous habit is
adapted to high:elevation harsh environment.
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DISCUSSTION

WILLARD: The problem with Carex drummondii is that it is killed by
snow cover. Will you try anymore with Carex?

BROWN: Yes, on a vegetative basis. We have been very successful
using Carex transplants, but not in seedings because of low seed
germinability.

WILLARD: 1Is there a possibility of using topsoil on some of these
sites?

BROWN: Topsoil in alpine regions is in limited supply. It is not
feasible to plan to have enough topsoll around in alpine regions,
particularly for use on abandoneéd mines. I think that there are
alternatives which can be used to ameliorate adverse conditions,
such as fertilizer, lime, and organic matter such as manure.

QUESTION: Explain your use of manure applicatiomns,

BROWN: These mine spoils have a low nutrient capital and nutrient
holding capacity. The manure was applied to supply some nutrients,
but also because it has a higher exchange capacity for nutrients than
the spoil material. The manure provides some nutrient holding capa-
bilities.

MITCHELL: What is the growing season?

BROWN: The plots are free of snow about the end of July. The
growing season starts about the first of August. By the end of
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August, or in about 30 days, the plants have set seed and are going
dormant. Sometimes of course, the season lasts 60 days,

HENDZEL: You applied lime to the very acidic spoils. How much did you
apply and what changes did you find? Will you have to apply lime
again to maintain the stands?

BROWN: It has been our experience that lime is not very mobile in
the soil. We applied lime at about 1 ton per acre which brought the
pH to about 5 to 5.5. The site was very heterogeneous. A year later
the pH of the spoil was still about 5. I do not know if leaching
will occur or if we will have to lime again.

JOHNSTON: We set up the lime treatment on the basis of bioassay on
greenhouse material. We attempted to find the best recommendation
for the entire 30 acre site. One could perform an extensive soil
survey on the site to determine the most acidic sites. Mine planning
and stock piling soil of less acidic material would help. We could
bury the highly acidic material with a few feet of either topsoil

or a less acidic material.



USE OF MYCORRHIZAL FUNGI IN REVEGETATION
OF MOLYBDENUM TAILINGS

C. P. P. Reid and 5. C. Grossnickle
Department of Forest and Wood Sciences
Colorado State University

INTRODUCTION

Mycorrhizas are structures formed by plant roots and fungi, and
are common in most species of plants. Many forest trees (e.g. Pinaceae,
Betulaceae, Fagaceae) which form ectomycorrhizas are often dependent
on the mycorrhizal association for normal growth under natural condi-
tions. It has been observed that introduction of trees into areas
devoid of mycorrhizal fungi is often unsuccessful unless a concurrent
introduction of essential mycorrhizal fungi is made (Mikola, 1973).

This has been demonstrated for areas in Australia, Puerto Rico, the
high Andes of Peru, subalpine areas of Austria, the great plains of
the U. S. and mine spoil areas in the eastern United States.

The benefits of the association between the mycorrhizal fungi
and plant host, has been extensively reviewed by many authors (c.f.
Harley 1969, Marks and Kowlowski, 1973). In general, the benefits
to the host include the increased uptake of nutrients, increased
tolerance to varying soil temperatures and pH extremes, increased
resistance to drought, and protection of the host root against patho-
gens. The increase in nutrient absorption, is primarily the result
of increased surface area provided by the mycorrhizal structure and
its associated mycelium (Bowen 1973).

One of the first studies to indicate the importance of mycorrhi-
zal plants on mining waste material was the study by Schramm (1966). He
observed that the only successful plant colonizers on anthracite
mining wastes in Pennsylvania were those that were either mycorrhizal
or nitrogen-fixers. More recent work by Marx (1975), Daft and Hackaylo
(1977) has indicated that mycorrhizal plants can have significant
advantages in growth and survival on such diverse sites as acid coal
spoils, kaolin spoils and copper mining spoils.

The purpose of this present report is to outline the procedures
in establishing containerized ectomycorrhizal seedlings and to present
preliminary findings on field performance of such seedlings on high-
altitude spoil material. In 1976, mycorrhizae were established on

131



132 Reid and Grossnickle

three conifer species grown in containers under greenhouse conditions.
In 1977, these mycorrhizal seedlings were then planted at a high-
altitude molybdenum tailing site to evaluate their field performance.

METHODS

Mycorrhizae Establishment

In January, 1976, three mycorrhizal fungi, Pisolithus tinc-
torius, Suillus granulatus, and Cenococcum graniforme were grown as
fungal inoculum according to the. procedures of Marx and Bryan (1975).
The mycorrhizal fungi were grown in sterilized Petri dishes containing
nutrient agar media for a period of six weeks. These fungi were
then transferred to flasks containing 35 ml (1 U.S. fl oz) nutrient
media, and allowed to grow for a period of 8 to 10 weeks.

To prepare the inoculum to be actually used in seedling con-
tainers, a sterile mixture of vermiculite, peat and nutrient media con-
tained in 1.9 liter (2 quart) jars was inoculated with pure fungal
material from the liquid flask cultures and allowed to grow for 2 to
3 months. Atithe time of soil preparation and planting of seed, the
vermiculite-peat inoculum was removed from the jars, rinsed thoroughly
with tap water to remove excess nutrients, and mixed with sterilized
potting mix (1 part peat, 2.5 parts vermiculite) at a ratio of 15%
by volume. Seeds of lodgepole pine (Pinus contorta), limber pine (P.
flexilis ) and Engelmann spruce (Picea engelmannii) were planted in
the potting mix in styrofoam cavities (460 cm3, 28 in3 volume).

A total of 1,500 seedlings were grown. Each tree species was grown
in combination with each fungal species and without fungal inocula-
tion (3 species x 4 mycorrhizal treatments). Seedlings were grown

in a Colorado State Forest Service greenhouse under the environmental
conditions of enriched CO2 (1,500~2,000 ppm), extended light period
(10 watts/ft2 over 6% of dark period), 50-70% relative humidity and a
720F (22°C) day, 75°F (24°C) night. We conducted our own watering
and fertilization schedules to ensure proper levels of nitrogen and
phosphorous for optimum mycorrhizal formation. During the growing
period, periodic measurements of height and diameter growth were
conducted. After the growing period, seedlings were allowed to
reach a dormant winter-hardened condition. Representative seedlings
from each tree species-fungal combination were examined for mycorrhi-
zal formation, shoot and root weights, shoot and root lengths and
water content.
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Field Performance of Mycorrhizal Trees

Planting of the greenhouse grown "tailored" mycorrhizal coni-
fers was begun in early June of 1977 on an upper tailing pond site
of the Urad mine (elev. 10,500 ft, 3,200 m) situated 9 miles (14.5
km) west of Empire, Colorado. The mine tailing material was previously
covered by fragmented rock. Characteristics of the rock material
included basic pH, low P, no organic matter, moderate salts, high
lime, high K, moderate N and adequate levels of Zn, Ca, Fe, Mg for
plant growth. The mean air temperature during the growing season
(June-Sept) for this area in 1977 was 53°F (12°C). Total precipita-
tion for 1977 was 25.1 inches (63.8 cm) with 8.6 inches (21.8 cm)
occurring between June and September.

The field study consisted of three 30 x 40 meter (98 x 131 ft)
blocks each consisting of the 3 tree species, 4 mycorrhizal treatments
and 4 fertilizer treatments in a 42x32 factorial design (Figure 1).
Within each block, four fertilization treatments were established:

(1) no fertilization, (2) 80 1lbs/acre (89 kg/ha) of P, (3) 80 lbs/acre
of P and 60 lbs/acre (67 kg/ha) of N, and (4) sewage sludge and wood-
chips at 20 tons/acre (45 metric tons/ha). After fertilization appli-
cation, the surface material of each block was thoroughly mixed by a
D-9 Caterpillar tractor and plowing bar. Within each fertilization
strip, each tree species and mycorrhizae treatment was randomly placed.

After planting of the containerized seedlings, some protection
from wind and high radiation was afforded by placing cedar shingles
on the southwest side of each seedling. Height and diameter growth,
bud activity, and mortality were monitored periodically for each
treatment from time of planting until 2 November. Because of the
differences in size of each tree species resulting from the mycorrhi-
zal treatments, the initial characteristics of individual seedlings
were noted at time of planting.

RESULTS

Mycorrhizal Establishment

The effect of mycorrhizal inoculation on each tree species is
presented in Table 1. As can be noted, the '"control" treatments
became inoculated, presumably with wind disseminated spores from
indigenous fungi (perhaps Thelephora terrestris). Mycorrhizal devel-
opment was relatively good for all mycorrhizal treatments with both
Pinus eontorta - and P. flexilis, but was very low with Picea engel-
mannii. Although the percentage of short roots which became mycorrhi-
zal was very similar for all myvcorrhizal treatments within a tree
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FIELD DESIGN

30m
NO FERTILIZATION
£ 80 Ibs/acre P
< 80 Ibs /acre P
60 Ibs/acre N
H H I ll SEWAGE SLUDGE and
WOOD CHIPS, 20 T/acre
IA \
°
g SPECIES x FUNGUS
2.5m

Figure 1. Diagram of field design used for ex-
amining the effect of tree species,
fungus, and fertilization treatments
on field performance (lm = 3.28 ft).
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species, there were marked differences in growth response. For
example, Pinus contorta and P. flexilis both showed greater root and
shoot weight production with Suillus granulatus and the "wild" fungus
than with either Pisolithus tinctorius or Cenococcum graniforme.
Picea engelmannii showed a similar response even though the percent-
age of mycorrhizae was relatively low. The better root response to
S. granulatus and the "wild" fungus might be attributed to local
occurrence of these fungi and their possible adaptation to local
species and conditions. S. granulatus was isolated from fruiting
bodies collected in the Colorado Front Range. Even though the isolates
of Pisolithus tinetorius and Cenococcum graniforme have been shown

to form mycorrhizae with these three tree species, both are isolates
obtained from the southeastern United States.

Field Performance of Mycorrhizal Trees p

It may be too early to adequately evaluate the performance of
the various mycorrhizal and fertilization treatments after one
growing season in the field. This is especially true if one considers
that the growth response may be primarily dependent on the original
container plug of soil during the first year. However, some trends
are evident in growth and mortality, even after one season. The
survival of seedlings was relatively high in all treatments. The
combined total mortality for all species and all treatments was
less than 9% as of 2 November 1977 (Table 2).

Table 2. Summary of seedling mortality at four dates in 1977.

Mortality Percentage

Date P. contorta P. flexilis Picea engelmannii Total
7/30 6.02% 4,63% 4,177 4.94%
8/30 6.947% 6.48% 6.94% 6.79%
9/28 7.417% 8.80% 8.33% 8.18%

11/2 7.64% 9.26% 9.497 8.80%

There were statistically significant differences in mortality that
could be attributed to either mycorrhizal treatment or fertilization
treatment. For example, P. contorta seedlings inoculated with either
Pisolithus tinctorius or Suillus granulatus had significantly lower
mortality than the other two mycorrhizal treatments (Fig. 2).

Some trends in response to fertilization were beginning to
become apparent. The application of sewage sludge and woodchips
resulted in a significantly greater mortality of P. contorta and
P. flexilis than the other fertilization treatments (Fig. 3). Greater
mortality in the sewage sludge and woodchips might be partially
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Figure 2. Total seedling mortality during 1977 field season.
There were 108 number of seedlings for each tree
species-fungus combination.
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Figure 3. Total seedling mortality during 1977 field
season. There were 108 number of seedlings for
each species-fertilization combination.
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attributed to moisture availability differences created by the diffi-
culty in packing the sludge and chip mixture around the seedling soil
plug when planted.

Responses in height and diameter growth did not necessarily
parallel the mortality results. For example, height growth in all
three species was greatest with the mycorrhizal treatments of
Suillus granulatus and the "wild" fungus (Table 3). Height growth
of seedlings infected with Pisolithus tinctorius was generally about
one-half of the growth with the best fungal treatment. Stem diameter
results were very similar to those of height growth. At this stage
in our field evaluation, we cannot conclusively state that the greater
growth in the field is a direct result of the mycorrhizal treatment,
since the plants inoculated with Suillus granulatus and the "wild"
fungus were initially bigger when planted on the field site. Tt will
require further statistical analysis of the data to determine if we
can sort out initial size effects. Although we have no consistent
responses in height and diameter growth to fertilization there are
some statistically significant differences between treatments. Per-
haps differences in growth due to fertilization will become more
evident in the second year of field growth.

Table 3. Effect of mycorrhizal treatment on height growth (cm)1 of -
the three conifer species in the field from June-November,

1977.
Fungal Tree species
Treatment P. contorta P. flexilis Pilcea engelmarnnii
S. granulatus 0.764 0.724 0.909
Wild type 0,557 0.830 0.857
C. graniforme 0.483 0.600 0.784
P. tinctorius 0.343 0.479 0.466

l2.54 em = 1 inch

We will continue to monitor growth and survival of these
seedlings during 1978. Under greenhouse conditions we are also
examining the ability of roots to grow out from soil plug and pene-
trate the spoil material. Thus far we are encouraged by the field
results. Further study will be needed to conclusively establish
which mycorrhizal treatments are of greatest benefit on these high-
altitude sites.
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DISCUSSION

QUESTION: Was there any watering of the plants in the field?

REID: At planting we watered each seedling. There was no further
watering.

QUESTION: Have you looked at the use of mycorrhizae on other kinds
of tailings?

REID: No we have not. These are the only field studies that we have
done.

QUESTION: 1s there a difference in mycorrhizal growth in different
types of soil?

REID: Yes, pH has a strong influence on certain fungi, In this
study, the pH is about 8. Most of the fungi for the studied tree
species tend to be found naturally in soil of about pH 5. We are not
sure how the fungi will last in the new environment. The performance
of the fungi will likely vary with soil conditions.



HAZARD IDENTIFICATION, CHEMICAL REMOVAL AND
REVEGETATION OF A TOXIC CHEMICAL SPILL
ON LAWSON HILL, SAN MIGUEL COUNTY

D. P. Groeneveld and P. S. O0'Boyle
Telluride Environmental Office
Telluride, Colorado

INTRODUCTION

On July 15, 1977 a chemical tanker truck traveling, north-bound
on Colorado 145 lost its brakes on the downgrade of Lawson Hill in
San Miguel County, elevation 9,000 feet (2,740 m). At the hairpin
turn the driver lost control and both tractor and tanker left the
road and traveled 75 feet (23 m) down the embankment. The:chemical
contents of the tanker, copper ammonium chloride (CuNH,Cl3), were
splashed about the slope. From the original contents in the tanker com-
pared to the amount of the chemical recovered, 2,300 gallons (8,700
liters) of this potent biocide were spilled. The great portion of
this chemical ran from the ruptured tanker down a dry irrigation ditch
and rapidly percolated into the soil. Ground water movement of the
chemical immediately threatened livestock and vegetation on site and
the important trout fishery in the San Miguel River to the north.

An interdisciplinary approach involving geology and plant
ecology was used to monitor and mitigate the effects of the chemical
and ultimately to successfully revegetate the effected area by the
following fall.

HYDROGEOLOGY AND CHEMICAL REMOVAL

The geology of the Lawson Hill site (Figure 1) is best charac-
terized as an unconsolidated sequence of glacio~fluvial sediments over-
lying the impervious Cretaceous Mancos shale. Since the Mancos shale
is impervious, exhibiting percolation rates on the order of 10~7 cm/
sec, and the glacio~-fluvial materials are locally aquifers, a perched
water table condition exists at the geologic contact between the two
rock types.
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The glacial material is Bull Lake (Late Wisconsin) in age and
as such, exhibits immature soil profiles wherever exposed. Textural
analyses performed on this soil indicate that it is a silty sand
soil (Figure 2).

These geologic and soil conditions result in the presence of
several springs that have discharges on the order of 10 gpm (gallons
per minute) (38 liters per minute) downslope and downdip from the
study area. A linear distance of about 500 feet (150 m) separates
the contaminated soil horizons and the flowing springs to the north-
east.

These springs are fed by the sandier horizons in the glacio-
fluvial aquifer; they in turn flow directly into the San Miguel River,
some 660 feet (200 m) to the north. The sandy, fluvial horizons in the
glacial till are texturally classified as sandy soils (Figure 2) and
have a calculated porosity of 46% void space. This texturally mature,
well sorted sediment is located two-three feet below the ground surface
and dips parallel to the topography towards the San Miguel River to
_the north (Figure 1).

Due to the dry soil conditions caused by the meager rainfall in
San Miguel County prior to July 17, 1977, aquifers were depleted of
ground water in the Upper San Miguel drainage at the time of the
chemical spill.

The sudden introduction of 2,300 gallons (8,700 liters) of
liquid copper ammonium chloride (CuNH,Cl3) into the depleted glacio-
fluvial aquifer resulted in the influx of a large amount of moisture
~available for plant root uptake.

Due to the low hydraulic gradient (minimal pore pressure) present
at the time of the chemical spill, little aquifer transmission
apparently took place until the dry climatic trend was reversed during
17-20 July.

With the introduction of more than 1.5 inches (3.8 cm) of rain-
fall during this period, a positive hydraulic gradient was re-
established in this aquifer and vegetative indicators confirmed move-
ment of contaminated ground water towards the springs feeding the
San Miguel River.

This movement was also substantiated by the conspicuous dis-
appearance of this highly soluble chemical from the contaminated
ground surface.

On July 2lst, representative soil samples were taken from a
point 4 inches (10 cm) below the ground surface and texturally and
chemically analyzed. Sample A is characterized by a large concentra-
tion of Cu?t ion {(Table 1).
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Chemical Removal

Excavation of the site's contaminated soil began July 25th,
some ten days after the event. During the excavation, a representa-
tive soil sample was taken of the site and is labelled 1in Table 1 as
Sample B.

A significantly decreased copper concentration was interpreted
as signifying effective removal of contaminated soil.

Some 780 cu yd (600 cu m) of soil excavated to an average depth
of 5 feet (1.5 m) resulted in a visual inspection indicating virtually
no contaminated residual soil. Excavation is located on Figure 3.

Soil Sample C was taken at the end of the excavating procedure
and this soil displays a copper concentration of only 20 ppm copper,
the normal background level for natural soils of this type (Table 1),

When it was determined th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>