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higher sludge rates resulted 1in greater N concentrations
than the inorganic fertilizers. These trends also occurred
for samples analyzed in 1983. These results were consistent
with N availability calculations for sludge applicatious,
showing that sludge rates > 14 Mg ha"l had more N available
than the highest N fertilizer treatment (160 kg ha 5 .
Figure 3 1imdicates that 1increasing P 1levels produced a
significant decline in total N concentration for 1984. The
zero application level of P fertilizer is the only treatment
which had a significantly higher N concentration than the
other P treatments. The 1lower N concentration values
assocliated with higher P applications appears to be due to a
dilution effect caused by increased grass production.

A linear increase of total P concentration in the grass
tissue with increasing sludge levels occurred in the second
growing season - Fig. 4) . This same trend was measured for
samples analyzed in 1983. The concentrations of P in seeded
grass tissue in 1983 and 1984 were significantly iancreased
by inorganic P fertilizer additions, but a significant
decline in P content occurred for the highest P fertilizer

rate during the first year of growth. P availability
calculations suggested that P values for the sludge
applications would be similar to the inorganic P
treatments. The lowest level of sludge, however, was the
only comparable sludge rate to the inorganic P

fertilizers.
SEWAGE SLUDGE RATE (Mgha)

0.00 2075 4150  62.25 83.00

L

0.30.

P IN GRASS TISSUE (g/kg x 10)

0.05] o——c Nitrogen Trt,;, R? = 14%,p = .389
%-----% Phosphorus Trt.; R? = 66%, p = .010

&—* Siudge Trt.; R? = 86%, p < .00t
0.00

00 400 800 1200 1600

INORGANIC FERTILIZER RATE (kg/ha)

Fig. 4. Effect of spoil treatments on total P concentration of seeded

grasses, 1984. Regression lines and observed means are shown.
Each N level has 160 kg ha™* P and each P level has 160 kg ha* N.
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Based on the data presented it was not possible to
determine a N and P equivalency of each sewage sludge rate
since the responses were seldom similar. Apparently sewage
sludge application rates lower than 14 Mg ha °~ should have
been used to approach N and P equivalency.

AB-DTPA extractable NO, and P values for the untreated
spoil indicated that they were the only elements that were
present at levels limiting to dryland grasses. As sewage
sludge was added, there were significant 1increases 1in
extractable levels for all the elements tested except
zinc. The accumulated levels, however, were not high enough
to cause plant_%rowth problems with the possible exception
of the 83 Mg ha rate. Table 7 shows the pH, EC, organic C
and % water saturation changes with increases in sewage
sludge. The pH decreased, the EC increased, the organic C
increased and the percent water saturation increases with
increasing sludge additions. The greatest potential problem
to plant growth (of the 4 1listed) wmay be the high salt
content at 83 Mg ha~l, With an EC of 5.48 ds m = some
grasses might have been affected adversely aad caused the
decrease in grass production at that rate., Hinesley et al.
(1982) noted similar increases in EC with increasing sludge
addition but values comparable to ours were reached at much
higher sludge additions.

CONCLUSIONS

Based on the data of the first two growing seasons, it
is suggested that revegetation specialists consider the use
of sewage sludge as a spoil amendment in environmental
conditions similar to this study site if a sludge source is

close and is deemed economical. These results indigcated
that sewage sludge levels applied at rates <83 Mg ha ~ may
benefit seeded grass growth. The highest level of sewage
sludge was detrimental to revegetation efforts when compared
to the 1lower sludge rates. This may have been due to
increases in soluble salt concentration and/or increase 1in
invading annual forbs competition., Whether this was the
controlling influence was not rtresolved. It was speculated

that the invading annual forbs competition was one of the
main factor causing the decline in seeded grass growth.
Since seeded grasses performed best at 14 Mg ha—l, and
this sludge rate was superior to inorganic fertilizer
additions, it 1is tentatively concluded this was the most
benefigial sewage sludge level. Sludge levels of 28 and 55
Mg ha = had superior seeded grass growth but a lower life-
form dominance of seeded grasses when compared to the 14 Mg



Table 7. Effect of sludge additions on measured spoil
parameters.

Sludge application rate (Mg hal)

_—Measurement 0 1[} 28 55 83 F ratio
pH 7.10a 6.82b 6.56 6.32d 6.16d 110.6
EC (ds/m) 2.59a 3.16a 3.31ab 4.50bc 5.48¢c 37.7
Organic C (g kg~ !) 56.8a 66.2ab  72.2bc 80.0c 93.8d 67.5
% saturation 27.88 27.30a 35.62ab 41.94b 43.16b 18.9

Means on the same line followed by the same letter do
significantly (LSD,Q /2 = ,025
F ratio values are linearly significant at p < 0.001.

not differ

6L1
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ha™l s ludge rate. The stimulation of invading annual forbs
at the three highest sludge levels in 1984 was believed to
be due to the capacity of the forbs to utilize the extra
available N more efficiently. To accurately determine the
most beneficial sludge rate at this study site, several more
years of data collection must be evaluated.



181

ACKNOWLEDGEMENTS

We express apprecliation to Getty Mining Company for
permitting use of the plot on the Colorado Yampa Coal Mine
and for assistance in the study.

LITERATURE CITED

Aldon, E. F. 1982. Use of organic amendements for biomass
production on reclaimed strip mines in the southwest.
Land reclamation and biomass production with municipal
wastewater and sludge. pp. 317-320. W. E. Sopper, E.
M. Seaker, and R. K. Bastain, eds. The Pennsylvania
State University Press, University Park and London.

Allison, L. E. 1965. Organic carbon. p. 1367-1378. In C. A.
Black (edd) Methods of Soil Analysis. Am. Soc. of
Agron., Madison, Wisc.

Association of Official Seed Analysts. 1978. Rules for
testing seeds. J. Seed Tech. 3:1-126,

Barnhisel, R. I., M. D. Ellis, and T. A. Fauerbacher.
1980. Utilization of municipal sewage sludge as a
spoil amendment in the reclamation of 1lands surface
mined for coal. Symposium on surface mining hydrology,
sedimentology, and reclamation. pp. 187-192, D. H.
Graves, ed. Univ. of Kentucky. Publ. ed., R. W. BeVore.

Bower, C. A., and L. V. Wilcox. 1965. Soluble salt. P
933-951. In C. A. Black (ed. , Methods of Soil
Analysis. Am. Soc. of Agron., Madison, Wisc.

Box, Thadis W. 1978. The significance and responsibility of
rehabilitating drastically disturbed land. p. 1-10. 1In
Shaller, F. W. and Paul Sutton (eds.) , Reclamation of
drastically disturbed lands. Am. Soc. of Agron.,
Madison, Wisc.

Bremner, J. M. 1965a. Total nitrogen. p. 1149-1178. In C.
A. Black (ed.) , Methods of Soil Analylsis. Am. Soc. of
Agron., Madison, Wisc.

Bremner, J. M. 1965b. Inorganic forms of nitrogen, p. 1179-
1232. In C. A. Black {(ed.)«, Methods of Soil Analysis.
Am. Soc. of Agron., Madison, Wisc.



182

Brezonik, P. L. Chr.a . 1978.

Panel on Nitrates.

Nitrates:

An environmental assessment. National Acad. of Sci.,
Washington, D.C.

Broadbent, F. E. 1965, Organic matter. p. 1397-1400. 1In C.
A. Black (ed.) . Methods of Soil Analysis. Am. Soc. of
Agroun., Madison, Wisc.

Brown, Larry T., and Charles L. Jackson. 1984. Reclamation
of the URAD molybdenum mine. Minerals and the
Environment, Vol. 6, #2, pp. 77-82.

Clark, F. W. 1977. 1Internal cycling of 15-Nitrogen in short

grass prairie.

Ecology 58:1322-1333.

Danielson, R. E. 1982. Soil physics laboratory manual.
Dept. of Agron., Colorado State Univ., Ft. Collins, CO.

Day, P. R. 1965. Particle fractionation and particle size
analysis. In C. A. Black (ed.), Methods of Soil
Analysis. Amer. Soc. of Agron., Madison, Wisc.

Epstein, E., D. B. Keane, J. J. Meisinger, and J. 0. Legg
(1978 Mineralization of nitrogen from sewage sludge
and sludge componet. J. Eanv. Qual. 7:217-221.

Fresquez, P. R., and W. C. Lindemann. 1982, Soil and
rhizosphere microorganisms in amended coal mine
spoils. Soil Sci. Soc. Am. J. 46:751-755.

Griebel, G. E., W. H. Armiger, J. F. Parr, D. W. Steck, and
J. A. Adam. 1979. Use of composted sewage sludge 1in
revegetation of surface-mined areas. Utilization of
municipal sewage efflcuent and sludge on forest and
disturbed lands. Pp. 293-303. W.E. Sopper and S. N.
Kerr, eds. The Peunnsylvania State University Press,
University Park and London.

Heikes, E. 1980. Weed control on disturbed lands.
Northwest Colorado land reclamation seminar II
proceedings. pp. 194-197. S. Haslem, ed. Routt County
Exteasion Office, C.S.U.

Hinesley, T. D., K. E. Redborg, E. L. Ziegler, and I. H.
Rose-Innes. 1982. Effects of chemical and physical

changes in strip-mined spoil
on the uptake of metals by
and biomass
sludge. pp. 339-352.

w. E.

production with municipal

amended with sewage sludge

plants., Laad reclamation
wastewater and
Sopper, E. M. Seaker, and



183

R. K. Bastain, eds. The Pennsylvania State University
Press, University Park and London.

Howard, G. S.y, G. E. Schuman, and F.Rauzi. 1977. Growth of
selected plants on Wyoming surface-mined soils and
flyash. J. Range Mgmt. 30:306-310.

Hsieh, Y. P., L. A. Douglas, .and H. L. Motto. 1981.
Modeling sewage sludge decomposition in soil: II.
Nitrogen transformations. J. Environ. Qual. 10:59-64.

Kardos, L. T., W. E. Sopper, B. R. Edgerton, aund L. E.
DilLissio. 1979. Sewage effluent and liquid digested
sludge as aids to revegetation of strip mine spoil and
anthracite soil refuse banks. Utilization of municipal
sewage effluent and sludge on forest and disturbed
lands. pp. 315-331. W. E. Sopper aud S. N. Kerr, eds.
The Pennsylvania State University Press, University
Park and London. :

Kerr, S. N., aand W. E. Sobper. 1982. One altermnative to

ocean disposal of sludge: recycling through land
reclamation. Land reclamation and biomass production
with municipal wastewater aund sludge. pp. 105-117.

W. E. Sopper, E. M, Seaker, and R, K. Bastain, eds.
The Pennsylvania State University Press, University
Park and Londoun.

Magdoff, F. R., and F. W. Chromec. 1977, N mineralization
from sewage sludge. J. Environ. Sci. Health Al12 (4 and
5): 191-201.

Mengel, XK., and E. A. Kirkby. 1979. Principles of plant
nutrition. International Potash Institute. Bern,
Switzerland. pp. 593.

Parker, C. F., and L. E. Sommers. 1983.  Mineralization of
nitrogen in sewage sludges. J. Environ. Qual. 12:150-
156.

Peterson, J. R., C. Lue-Hing, J. Gschwind, R. I. Pietz, and
D. R. Zenz. 1982. Metropolitan Chicago's Fulton County
sludge utilization ©program. Land reclamatiom and
biomass production with municipal wastewater and
sludge. pp. 322-337. We E. Sopper, E. M. Seaker, and
R. K. Bastain, eds. The Pennsylvania State University
Press, University Park and London.



184

Pietz, R. 1., J. R. Peterson, T. D. Hinesly, E. L. Ziegler,
K. E. Redborg, and C. Lue-Hing. 1982. Sewage sludge
application to calcareous strip-mine spoil: I. Effect
on corn yields and N, P, K, Ca, and Mg compositions.
J. Environ. Qual., 11:685-689.

Premi, P. R., and A, H, Cornfield. 1971, Incubation study
of nitrogen mineralization in soil treated with dried
sewage sludge. Environ. Pollut. 2:1-5.

Reeder, J. D., and W. A. Berg. 1977. N mineralization and
nitrification in <c¢retaceous shales aud coal mine
spoils. Soil Sci. Soc. Am. J. 41:922-927.

Ryan, J. A., D. R. Keeney, and L. M. Welsh. 1973, Nitrogen
transformations and availability of an anaerobically
digested sewage sludge in soil. J. Environ. Qual.
6:488-492.,

Sabey, B. R., N. N. Agbim, and D. C. Markstrom. 1977. Land
application of sewage sludge: IV, Wheat growth, N
content, N fertilizer value, aand N use efficiency as
influenced by sewage sludge and wood waste mixtures.
J. Enviora. Qual. 6:52-58.

Sabey, B. R., W. A. Berg, and M. K. Corwin. 1980. VLong term
fertility study on land drastically disturbed by oil
shale development. In Cook, W. C. and E. F. Redente

(eds . Reclamation studies on o0il shale 1lands in
northwestern Colorado. Rept. to USDOE from Colorado
State University, Range Science Dept., Ft. Collins,
CO 80523.

Sandoval, F. M., and J. F. Power. 1978. Laboratory methods
recommended for chemical analysis of mined-land spoils
and overburden in western United States. u. S.
Department of Agriculture, Agriculture Handbook No.
525. Washington, D.C. pp 31.

Silverman, A. J. 1983. Energy future of the United States:
The contribution of the American west. Coal
development: collected papers. pp. 3-37. 0. Brooks,
L. Branch, and C. Fischer, eds. Bureau of Land Mgmt.

Smith, J. L., R. R. Schnabel, B. L. McNeal, and G. S.
Campbell. 1980. Potential errors in the first-order
model for estimating soil nitrogen mineralization
potentials. Soil Sci. Soc. Am. J. 44:996-1000.



185

Soltanpour, P. N., and A. P. Schwab. 1977. A new soil test
for simultaneous extraction of macro- and
micronutrients im alkaline soils. Commun. Soil Sci.
Plant Anal. 8(3):195-207.

Sommers, L. E., D, W. Nelson, C. Parker, and J. Graveel.
1980. Optimum wutilization of sewage sludge 9on
agricultural 1land. Annual Report from Purdue Agric.
Exp. Sta. to Regional Project W-124.

Sommers, L. E., D. W. Nelson, and K. J. Yost. 1976.
Variable nature of chemical composition of sewage

sludges. J. Environ. Qual. 5:303-306.

Sopper, W. E., and S. N. Kerr. 1982. Mined land reclamation

with municipal-sludge Pennsylvania's demounstration
program. Land reclamation and biomass production with
municipal wastewater and sludge. pp. 55-74. W. E.

Sopper, E. M. Seaker, and R. K. Bastain, eds. The
" Pennsylvania State University Press, University Park
and London.

Sopper, W. E., and E. M. Seaker. 1983. A guide for
revegetation of mined land in eastern United States
using mwunicipal sludge. The Penansylania State

University Press, University Park and London.

Stanford, G, and S. J. Smith., 1972, Nitrogen
mineralization potentials of soils. Soil Sci. Soc. Am.
Proc. 36:465_4720

Stevenson, F. J. 1962. Chemical state of the nitrogen in
soil. Geochemica et cosmochimica Acta. 26:797-809.

Street, J. J. 1976. Solubility and availadability of cadmium
in cadmium-sludge amended soil. Ph.D. Thesis, Dept. of
Agronomy, Colorado State Univ., Ft. Collins, CO.

Stucky, D. J., and J. Bauer. 1979. Establishment, ylield, ad
ion accumulation of several forage species on sludge-
treated spoils of the Palzo mine. Utilization of
municipal effluent and sludge on forest and disturbed
lands. pp. 379-387. We E. Sopper and S. N. Kerr,
eds. The Pennsylvania State University Press,
University Park and London.

Suhr, L. G. 1982. Utilization of municipal wastewater and
sludge for land reclamation and biomass production - An
engineering assessment of its potential in the western
United States. Laad reclamation and biomass production



186

with municipal wastewater and sludge. pp. 481-497. W.
E. Sopper, E. M. Seaker, and R. K. Bastain, eds. The
Pennsylvania State University Press, University Park
and Loadon.

Sutton, P., and J. P. Vimmerstedt. 1973. Treat stripmine
spoils with sewage sludge. Ohio Report, Vol. 58, No.
6.

Terry, R. E., D. W. Nelson, and L. E. Sommers. 1981.
Nitrogen transformation in sewage sludge - amended
soils as affected by soil environmental factors. Soil
Sci. Soc. Am. J. 45:506-513.



187

RECLAMATION ART

Paul Klite
1450 Logan St.
Denver, CO 80203

INTRODUCTION

This report demonstrates strategies of environmental
art that are compatible with land reclamation practices.
It will, hopefully, motivate you to confront the aes-
thetics of your earth repair projects.

Modern environmental art has its roots in the monu-
mental outdoor constructions of the past. This relation-
ship has been the subject of several excellent books and
reviews (1-4). Prehistoric stone works, Indian burial
mounds, amphitheaters, and elaborate terracings con-
structed centuries ago continue to inspire and fascinate
us.,

The reclamation and environmental laws of the '70s
have provided an opportunity for sculptors, landscape
architects, artists and designers to devise aesthetic
solutions to a variety of "low profile" landscapes in-
cluding mining waste, landfills and the like. These
efforts are a vivid testimony to the power of human
imagination.

ARTISTIC EXAMPLES

Robert Smithson pioneered the use of mine wastes as
an art medium. Before his untimely death in 1972, Smith-
son completed earthworks in a quarry in Holland, a lake
in Texas and the Great Salt Lake in Utah (Figure 1).

His ideas and writings have exerted great influence
in the art world (5).

Robert Morris. In 1979, the King County Arts Com-
mission, Seattle, WA, commissioned Morris to design and
oversee construction of a 3.5 acre abandoned gravel pit
into an earth sculpture. Morris's solution is a concave,

curving, terraced amphitheater, revegetated in rye grass
(Figures 2 & 3).
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(1) Robert Smithson - "Spiral Jetty," 1970,Great Salt Lake, Utah,
Length 1500°%, rock & earth, from Earthworks and Beyond.

The Morris earthwork was completed in 11 months at
a cost of $184,000. Estimates for "standard" reclamation
at the site ranged from $102,000 to $132,000. The project
was funded by a cross section of interested parties

(Table 1).
Table 1
Donors to the Seattle Project

Source Amount of Grant
Washington State Arts Commission $4,000°
Seattle Arts Commission 8,600
Port of Seattle 5,000
University of Washington 4,000
Lakeside Sand and Gravel 4,700
Buckeye Trust 48,900
Jewish Federation 5,000
National Endowment for the Arts 50,000
National Endowment for the Arts in Design 17,750
Bureau of Mines 35,000
Private contributors 3,110
King County Arts Commission 46,350
One-percent for Art (Public Works) 57,000

Total $289,410
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(2) Robert Morris - Reclamation Project, 1979, King County,
Washington, 3.5 acres. Courtesy King County Arts Comm.
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(3) Robert Morris - Reclamation Project, 1979, site plan,
Courtesy King County Arts Commission.
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Herbert Bayer produced an ingenious landscape in
Kent, Washington, combining a park, sculpture and flood-
water retention basin (Figure 4 & 5). Completed in
eighteen monthe, the work was an instant and popular
success and has become a progressive symbol for the city.
The project was funded by the city of Kent, the National
Endowment for the Arts, the Washington State Arts Com-
mission, a Housing and Community Development block grant,
the King County Arts Commission and private contributions.

»

(4) Herbert Bayer - Mill Creek Canyon Project, 1982, site
model. Courtesy King County Arts Commission.

(5) Herbert Bayer - Mill Creek Canyon Project, 1982, Kent,
Washington, 2.5 acres. Courtesy City of Kent.
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John Roloff has developed a series of intriguing
ground contouring. proposals for waste land. "Land Sea,"
1980 (Figure 6) is designed to "resemble a water surface
in a large swell oriented perpendicular to the prevailing
wind." The surface would be revegetated.

Another Roloff 1dea applicable to mine reclamation
or toxic sites is the construction of large sculpted
greenhouses with self-contained irrigating systems to
support plant life (Figure 7).

Roloff has recently begun work on two reclamation
sites: a California Parks and Recreation Project in a land-
fill near Candlestick Park, and a dump site used by the
University of Nevada, Reno.

(6) John Roloff - "Land Sea," 1980 . 4 ink
the artist. ’ » Pen an nk. Courtesy

(7) John Roloff - "Sinking Ship," 1984, pen and ink.
Courtesy the artist.
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Gary Dwyer, Professor of Landscape Architecture at
California Polytechnic State University has created many
outdoor works. Dwyer's theory that environmental sculp-
ture is a "biography or a storage battery for the energy
of a site," is well demonstrated in Figure 8, a 1984
proposal for a sculpture across the San Andreas Fault.

(8) Gary Dwyer - Proposal for sculpture across
the San Andreas Fault, 1984, Courtesy the
artist.The horizontal forms represent the
Chumssh Indian word, who are you?"
Movement of the fault, vertical line,
will alter the sculpture.



Athena Tacha, professor of art at Oberlin College,
has developed a dazzling style of terracing that is il-
lustrated in Figures 9 & 10. Tacha works in concrete and

stone and has begun to add color to her terraced environ-
ments. "Time enters my sculpture at many levels," says
Tacha. "Time as rhythm, as relative displacement in space,
as evolution and change."

(9) Athena Tachs, Model for Step Sculpture,
Courtesy the artist
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(10) Athena Tacha - "Syncline," 1980, model
Courtesy the artist.

Agnes Denes is representative of a group of artists
who use vegetation as sculptural elements of form, color
and texture. "Tree Mountain", (Figure 11) a 1982 proposal,
would create a large expanding spiral of indigenous trees
on a sloping or terraced terrain. The result is a dram-
atic yet gentle landscape.

(11) Agnes Denes - "Tree Mountain," proposal, 1982, 10,000 trees
over a 1.5 mile area. Courtesy Joyce P. Schwartz Gallery.
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Zigi Ben-Haim demonstrates a different artistic strategy.
By creating a dominant visual focal point on a site, the aes-~
thetic impact of the site itself is diminished. His "Legion
of Titans," Figure 12, "is constructed of the debris and
residue of both nature and man." The sculpture arrears as
strange and mysterious totems that both attract and frighten
the viewer.

£1 Ben-Haim - "Legion of Titans," 1933, Tel-Hai,Isreal,
x8', concrete,steel, paint & fiberglass, Courtesy the artist.

Christo,in his inimitable style, has repeatedly demon—
strated that massive art projects can prevail over public
outcry, complicated permit requirements, environmentalists'
objections ard the minute probing of the worlid press.

It is intriguing to imagine a Christo project covering
a tailings pond or waste heap.

In all, there are about one hundred artists working
in fields that relate to land reclamation. This is but =a
tiny cross-section of their creative reservoir of idess.
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COLORADO SITES

During the last two years, I have had the opportu-
nity to evaluate the aesthetic impact and potential of a
range of waste sites and earth scars in Colorado (6).
As a general rule, sites that are large, ugly, prominent,
dangerous or depressing cry out most for aesthetic help.

At any specific site, the artist must consider his
medium -~ the physical and chemical properties of the ma-
terial, environmental and technical restraints, applic-
able reclamation law, site history, etc. Then, artistic
considerations, e.g., size, shape, color, texture, light,
visual impact, views and setting, can be addressed.

The following examples are conceptual models for
specific sites that demonstrate the feasibility of
aesthetic treatment.

The o0ld Golden Cycle mill is a massive 175 acres
of gold tailings located 3 mile from downtown Colorado
Springs, CO, at the junction of two major highways. The
finely milled tailings are heavily eroded with minimal
natural revegetation. A dominant feature of the amorphous
shape is a 150 foot high outslope along highway US 2.
(Figure 13)

(13) North outslope of Golden Cycle mill tailings, US 24
in foreground, Rampart Range in background, facing south,
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Colorado Springs' emerging development as the nerve
center for space exploration prompted the design shown
in Figure 14; a recontouring of the site as a park and
space museum. This would be accomplished by a cut and
fill operation over the existing tailings; the outslope
would be reshaped and accented with circular floral dis-
plays; the spherical museum is at the apex of the design;
parking is on the south; after recontouring, the site :
would be covered with a protective layer of reck and/or
plastic and would be revegetated.

(14) Model for park/museun, styrofoam, scale, 1" = 200!,
see text for explanation, facing south.
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The J.C. Johnson mine dump on Smuggler Mountain
above Aspen, CO is visually prominent and offers inter-
esting design possibilities (Figure 15 ). The dump
could be altered to resemble a plano keyboard as in
Figure 16. Black and white "keys " could be constructed
with inert rock (rip-rap), contrasting vegetation or
cements. A large scale sculpture overlooking Aspen could
be a valuable community symbol and asset.
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(15) Location of J.C.Johnson mine dump, pen and ink,
Beth Santos, 1985, facing north.

(16) Proposed treatment, see text for explanation.
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There are thousands of prospecting dumps in Colorado.
Many are located on steep mountain slopes and are highly
visable. Here is one example, a small dump along the I-70
corridor west of Idaho Springs, reshaped and revegetated
to resemble a meteor impact (Figures 17 & 18).
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(17) Mine dump along I-70
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(18) Recontouring proposal, 1985,
pen and ink.
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(19) Coal spoils near Florence, CO., pen and ink,
Beth Santcs, 1985.

Figure 19 shows a typically shaped spoils pile, in
this case coal spoils near Florence, Colorado. The pile
is steep, sterile, acid and ugly. A recontouring plan
is sketched in figure 20 with more gentle slopes and
visual interest. The site would be revegetated.

(20) Recontouring of spoils pile, collage, 1985,
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A 198, proposal for the Argo Mill gold tailings in
Ideho Springs, CO ( Figure 21) was devised to utilize,
as much as possible, the existing tailings configuration
and minimize earthmoving costs.

121) Kcodel for the Argo Mill, plastiline, scale 1" = 75', 1984.

The next example is a model for a topographicsal
face. I had no specific site or materisl in mind, but
perhaps it can find a home somewhere. ( Figure 22)

(22) Topographicel Face, carved paper, 10"x10", 1985.
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Ski slopes are often highly visable scars that
dominate mountain views. Within the site-specific
limitations of ski mountain terrain, and with full
congsideration of the recreational and safety mandates
of slope construction, sculptures could be fashioned
from the configurations of the ski runs themselves.
Figure 23 is a group of sketches that illustrate this
ides.

(23) Sketches for ski slope rculptures, pen and ink, 1985.
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CONCLUSION

Two thousand years ago, Plotinus observed that "the
principle that bestows beauty is perceived at first
glance, something which the soul names as from some
ancient knowledge, and recognizing it, welcomes it,
enters into union with it. But let the soul fall in with
the ugly, and at once it shrinks within itself, denies

the thing, turns away from it, not accordant, resenting it.n"

For those of you with difficult or ugly reclamation
sites that could benefit from aesthetic treatment, I urgse
you to involve the artist as designer with your recla-
mation team, and do so at the outset of planning.

The examples presented here demonstrate the broad
potential for augmenting standard reclamation practice
with creative solutions. The advantages can be consider-
able. Certainly communities adjacent to waste sites will
obtain an improved visual environment, new potential for
tourism and enhanced community image; industrial interests
can reap much needed public relations benefits from their
environmental concern; reclamation scientists and tech-
nicians -will enjoy the challange of creating showpiece
projects; regulatory agencies can support innovative al-
ternatives to recycling the land.

Environmental art and land reclamation are cousins

of the same consciousness. Converting waste land into art
is a powerful expression of that consciousness.
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REHABILITATION OF ALPINE HIKING TRAILS
IN THE NATIONAL PARKS OF CANADA

David Walker
Walker & Associates
R.R. #1 South
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and

Gail Harrison
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INTRODUCTION

Increased use of the National Parks System over the past
decades has placed the managers of "heritage natural resources" in
a difficult position. The Parks Canada objective is:

"to protect for all time those places which are significant
examples of Canada's natural and cultural heritage and
also to encourage public understanding, appreciation, and
enjoyment of this heritage in ways which leave it
unimpaired" (Parks Canada 1979).

To accomplish this dual mandate of both preserving and
encouraging the use of the National Parks, planning and
management of parks must consider the implications of facility
development as well as the necessity to minimize the impact. Alpine
hiking trails are an excellent example of the conflict that can arise-
people enjoying the pleasures of an unspoiled wilderness all too
frequently end up destroying the very thing they came to see. Parks
Canada must pursue the delicate task of finding a balance.
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THE PROBLEMS

Willard and Marr (1971) studied the recovery of alpine tundra
under protection after trampling damage from hikers in Rocky
Mountain National Park. They reported that trampling by visitors kills
plants and initiates erosion processes. Some areas severely
damaged by only a few seasons of human activity will require
hundreds of years, possibly even a thousand, to rebuild a natural and
persistent ecosystem (Willard and Marr 1971). In Olympic National
Park, Bell and Bliss (1973) found that plant cover and production
were rapidly reduced in even one season of light use. Also, different
plant communities had different sensitivities to disturbance and plans
for human use should incorporate this kind of information.

The use of alpine hiking trails in the National Parks of Canada's
Rocky Mountain region has increased significantly in the past
decade. New access to alpine areas has been created by the
construction of gondola lifts and the opening of ski resorts for
summer use. Some trails have seriously deteriorated as the traffic
flow increased, particularly in wet areas and areas with late-lying
snowbeds. Loss of the vegetative cover has exposed the soil and
trails have become impassable because of mud or because soil
erosion exposed a rough and treacherous bed of rocks. Hikers
frequently take short-cuts or walk beside the old trail and in doing so
have created "braids" in the trail which also eventually deteriorate with
use. Solutions to the problem are (1) close the trail, (2) relocate the
trail, if possible, or (3) rehabilitate the trail by upgrading the quality of
the hiking surface and revegetating the damaged sections.

This paper will focus on Parks Canada's efforts toward
improving the rehabilitation of alpine hiking trails. The additional
parameter of continued visitor use must be considered for successful
rehabilitation to occur. The work will be illustrated by the rehabilitation
of three high use trails in the alpine zone of Banff National Park and
Jasper National Park. On each trail, a different combination of
rehabilitation techniques and visitor education/ information was used.
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THE SOLUTIONS

Planning and Post-Rehabilitation Monitoring

Information vital to the planning of the trail reconstruction and
rehabilitation work is collected before the commencement of design
work. If several routes are in existence, the most heavily used
alternative is identified by trail counters or visual observation. If the
alternative is environmentally acceptable, the hiking surface is
upgraded and the others closed and revegetated.

Also important is the number of people anticipated to use the
trail as well as the proportion of people who will actually travel the
entire distance. This depends on the terrain, altitude, exposure to the
climate, length of season, frequency of bad weather, and category of
visitor- avid backpacker or casual day-user.

Monitoring of the trail after rehabilitation is equally important.
Visitor useage patterns may change as a result of the work and the
program must allow for post-construction adjustments. Off-trail
damage caused by hikers walking around late-lying snow banks can
be minimized by closing the trail until all the snow has melted.

Public Awareness

A recognition of the fact that attempts to rehabilitate a damaged
hiking trail will ultimately fail unless the conditions which created the
damage are altered has resulted in a policy of emphasizing the
presence of rehabilitation efforts. Signs at the trail head now inform
hikers that rehabilitation work is in progress. Signs are placed at
strategic locations requesting visitors to "stay on the trail". Information
on what and how it is being done to repair damaged areas are
provided to alert visitors of the implications of off-trail travel.

Barriers are also used. A short 2 m fence will not stop visitors from
stepping over or around a barrier but it serves as a strong reminder
that off-trail travel is not acceptable.
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Drainage

Hiking trails which cross natural drainages can alter the normal
flow pattern of water from snowmelt and subsurface discharge. On
organic soils, the impact of the hikers' weight pounds the trail into a
"U" shaped trough which intercepts and channels water onto the ftrail
surface. Water on the trail can erode significant amounts of soil and
render the trail difficult to travel.

Cross drainages are an essential part of trail rehabilitation. Low
profile swales lined with rock are constructed at the intersection of the
trail and natural drainages. Heavy water flows are accommodated by
constructing open ditches braced with treated timbers and also lined
along the bottom with rock. The downslope angle of the trail drainage
is critical to avoid the accumulation of sediment and subsequent
costly maintenance. Drainages are set at 9-11° (16-19%) when lined
with rock. The discharge location and energy dissipation at the
outflow is integral to the overall design.

Salvage of Material

Every effort is now made to preserve all soil and vegetative
material which becomes surplus when a hiking trail is widened or a
new trail is constructed. The salvage and transplanting of sod of
alpine vegetation has proven to be a very successful technique. Sod
is cut and removed by manual labor. Helicopters have been used to
relocate sod when distances are too far for manual removal.

Care must be taken to match habitats when moving sod even
short distances along a moisture gradient or from a snowbed to an
exposed location. Prompt replacement of the sod to the new location
is also necessary for good success. If stored for more than
approximately one week, the edges of the sod pieces may dessicate
to the extent that the vegetation will not recover. Burlap fabric which
provides shading and allows some air movement is better for
preserving moisture in sod than is clear plastic sheeting which can
cause extreme temperatures to develop.
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The relocation of local shrubs has also proven to be effective in
assisting in the closure of trails to public access. Transplants of low
stature shrubs planted for several meters along an old route become
a "living sign" to arouse the awareness of visitors that the route is no
longer the trail.

Topsoiling

Topsoil replacement has been used for sites where soil erosion
losses have been significant. Helicopters are used to move topsoil to
inaccessible areas. The introduction of undesireable exotic species is
a concern in the National Parks. To avoid this problem at one site, a
manufacturer of commercial potting soil was approached and a
custom blend similar to the alpine soil was formulated. The
commercial potting soil was highly organic in formula, had been
sterilized to remove weed seeds, and was packaged in 20 kg plastic
bags. The technique has proven to be successful. The low-density
formula minimized the weight and hence transportation costs. The
plastic packaging was easy to handle and was stockpiled on site in a
dry state until required.

Mulching

The technique of muiching has been used with some success.
Under most circumstances, cold soil temperatures are a limiting
factor for plant growth at alpine elevations and most organic mulches
aggravate this problem by insulating the soil surface and thereby
lowering the soil temperature. One product however, a roll-out,
rice-paper mulch increases soil temperature 1-2°C by preventing
heat loss through advection and by creating a "greenhouse effect"
(Walker 1981, Takyi 1980). The matting also serves to alert hikers
that efforts to revegetate the site are underway. Most people have a
natural inclination to avoid walking on a newly seeded lawn but it can
only be exploited if the area is readily identifiable- not easy when it
takes 3-5 years for plants to fully develop in the alpine.

Rigorous guidelines for installation of the paper mulch must be
followed in order for the benefits of the product to be realized. The
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mulch fabric must be laid as closely to the soil surface as possible and
the fabric must not flap even in a heavy wind. A layer of air between
the fabric and the soil becomes a layer of insulation which will lower
the soil temperature. Excessive movement of the fabric will quickly
destroy any seedlings which protrude through the weave of the paper
strips.

A roll-out excelsior (aspen wood) mulch has been applied in
situations where soil moisture is more limiting to plant growth than low
soil temperature. The technique has had some success on
wind-swept ridges and slopes with a southerly exposure.

Seed Material

- All revegetation at alpine elevations is done with native species.
The source of grass seed is the result of research funded by Parks
Canada beginning in the mid-seventies. In conjunction with the
Alberta government, Parks Canada co-sponsored a native grass
breeding program at the University of Alberta. The objectives of the
research were to select and develop superior strains of native alpine
grass species which were not only effective in revegetating difficult
sites but were also feasible to produce on a commercial scale. An
extensive program of species evaluation was carried out between
1976 and 1983. Selections from the program are now grown by
contract for use within the parks.

Shrub Material

Several alpine shrub species are readily propagated by seed
including white mountain avens (Dryas octopetala) and alpine
bearberry (Arctostaphylos rubra). Others have been successfully
propagated by standard techniques of rooting hardwood cuttings.
The propagation of alpine woody species by softwood cutting is a two
stage process. First small specimens of a juvenile age are dug,
potted, and placed in a growth chamber. The plants are maintained at
a higher than normal temperature (18-22°) for an extended growing
season (6-8 months) with frequent applications of fertilizer. The
growing conditions force the normally low-growing alpine plants to
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become tall and lank. These stock plants produce excellent cuttings
for softwood propagation.

Material produced for outplanting are grown at a much slower
raie to encourage a natural growth habit. Plants are thoroughly
hardened off prior to transplanting. The procedure has been
successfully applied to a number of alpine species including moss
campion (Silene acaulis), yellow and purple mountain-heaths
(Phyllodoce glandulifiora and empetriformis), wooly everlasting
(Antennaria lanata), snow willow (Salix nivalis), arctic willow (Salix
arctica), and purple saxifrage (Saxifrage oppositifolia), and stonecrop
(Sedum lanceolatum) .
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CASE HISTORIES

Whistlers Mountain Trail

Location:

Elevation:

Traffic:

Public Awareness:

Mulching:

Fertilizer:

Seed Material:

Shrub Material:

13 km southwest of Jasper townsite, Jasper National Park
Access by gondola

2,256 to 2,465 meters (treeline at 2,000 m)

150,000 visitors/annum Length: 3.0 km
50% hike the entire trail in good weather, 15% in bad

(1) Trail head information sign

(2) Trail direction and closure signs

(3) Roll-out mulch applied at trail closures
(5) Boardwalk development at trail head

(1) Roll-out paper mulch on wet/moist sites
(2) Roll-out excelsior mulch on windswept ridges

(1) Wet areas 88 kg-N/ha,11 kg-P/ha,22kg-K/ha,11kg-S/ha
(2) Dry areas 77 kg-N/ha,22 kg-P/ha,17kg-K/ha,11kg-S/ha

(1) Snow-free areas (%/wt)(2) Snowbed areas (Yolwt)
alpine wheatgrass 15tufted hairgrass 11

spike trisetum 13 alpine fescue 37
interior bluegrass  62alpine timothy 43
alpine bluegrass  10alpine bluegrass 9
Name - % survival after 2.0 yrs
snow willow (Salix nivalis) 441
arctic willow (Salix arctica) 70.2
moss campion (Silene acaulis) 90.6
stonecrop (Sedum lanceolatum) 69.8

Transplants (2,000) planted by auger after snowmelt in early July.
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Parker Ridge Trail

Location: 9 km south of Columbia Icefields, Jasper National Park

Elevation: 2,035 to 2,271 meters (treeline at 2,150 m)

Tratffic: 6,000 visitors/annum Length:1.5 km, Access from highway
Public Awaréness: (1) Trail head information sign

(2) Trail closure signs at short-cuts

(3) Barriers at major trail closures (H 0.5 m, L 2-4 m)
(4) Shrubs transplanted at trail closures

(5) Roll-out paper mulch applied at trail closures
(6) Deadfall and large rocks placed at trail closures

Drainage: (1) Rock lined swales at minor watercourses
(2) Open ditches, timber braces, rock lined

Material Salvage: (1) Soil salvaged, replaced on eroded short-cuts
(2) Sod cut from upgraded trail, replaced on old trail
(3) Local shrubs relocated to closed trails

Topsoiling: (1) Commercial potting soil, custom blended local conditions
(2) Sterilized and packaged 20 kg plastic bags, total 60 m3
(3) Transport to site by helicopter

Mulching: (1) Roll-out paper muich on exposed sites

Fertilizer: (1) 100 kg/ha of 11-55-0 at time of seeding
(2) 150 kg/ha of 46-0-0 annually/ for 3 years/ spring applied

Seed Material: (1) Alpine Mix (Yo/wt) (2) Subalpine Mix (Ye/wit)
alpine fescue 32 tufted hairgrass 4
spike trisetum 15 bearded wheatgrass 18
interior bluegrass 15 streambank wheatgrass 18
alpine bluegrass 17 northern wheatgrass 18
alpine timothy 3 June grass 21
alpine wheatgrass 18 Cusick's bluegrass 21

Results After 1 Year:  seedlings/m2 1037 seedlings/m2 846

cover (%) 12 cover (%) 10
Shrub Material: (1) Propagation in progress/ transplanting scheduled for 1986

(2) Arcitic willow, Snow willow, moss campion
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Sunshine Village Trail System

Location:

Elevation:

Traffic:

Public Awareness:

Drainage:

Material Salvage:

Fertilizer:

Seed Material:

17 km southwest of Banff townsite, Banff National Park, Alberta
and Assiniboina Provincial Park, British Columbia
Sunshine Village Ski Area Access by Gondola

2,200 to 2,350 meters (treeline at 2,200 m)

1,000 visitors/annum pre- gondola use  Length: 18 km
30,000 visitors/annum post-gondola use

(1) Trail head information sign
(2) Ski company operated interpretive program with
» information brochures
» trail information staff
» guided tours
» trailside interpretive signs
» staffed interpretive centre
(3) Trail closure signs

(1) Rock lined swales at minor drainages
(2) Metal culverts at major drainages

(1) Soil salvaged, replaced on eroded braids
(2) Sod cut from upgraded trail, replaced on old trail
(3) Transport of soil and sod by helicopter

(1) 100 kg/ha of 11-55-0 at time of seeding
(2) 150 kg/ha of 46-0-0 annually/ for 3 years/ spring application

Alpine Mix (%)
alpine bluegrass 20
spike trisetum 15
alpine timothy 10
Cusick's bluegrass 25
slender wheatgrass 30

seed rate 50 kg/ha
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Behaviour of Alpine plants and high altitude revegetation research
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Krystyna M. Urbanska
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Zirichbergstrasse 38, CH~8044 Ziirich, Switzerland

Introduction

The ever-increasing human impact resulted in disturbances in high altit~
ude ecosystems. Winter sport areas in Alpine countries where artificial-
ly made ski-runs frequently are situated well above timberline, are par-
ticularly exposed to damage, de-stabilized and erosion-endangered sur-
faces being frequently large. S

The need for revegetation of those areas has been’rééognized. However,
the actual revegetation research is seldom, if at all, carried out and
the current revegetation practices above timberline in the Swiss Alps do
not take into account genetical and ecological factors operating in fra-
gile ecosystems of high altitudes. It is regrettable because only the re-
vegetation projects with a sound scientific background can result in op-
timum long-term returns.

The very essential factor in revegetation above timberline is a suitable
plant material. I argued elsewhere(Urbanska 1986) that plants

able to withstand the selective pressures in high altitude sites, repre-
sent the sole choice. Alpine plants are adapted to grow and reproduce
during a short vegetation season in rather cold temperatures(see e. g.
Bliss 1962, 1971, 1980, Billings 1974, Courtin 1968, Hadley and Bliss
1964, Landolt 1983, 1984, Urbanska 1985, 1986, Urbanska and Schiitz, in
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press). The present paper deals with these two aspects of behaviour, par-
ticularly relevant to the success of revegetation in high altitude sites.
The data from alpine and subnival vegetation belt discussed here were ga-
thered, for the most part, in our long-term study on behaviour of plants
inhabiting various alpine substrata. Some results have been previously
published; unless otherwise specified, the details presented refer to the
author's unpublished results both from the wild as well as greenhouse and
experimental garden.

Before the actual paper is presented, two points have to be made:

1. The term "Alpine" with the capital "A" is used to denominate taxa na-
tive to the Alps. Precisely speaking, the present paper deals with Alpine
alpine plants; the second term has an ecological meaning and refers to
taxa occurring above timberline in any part of the world. Both terms are
used in further parts of the paper.

b
e

Fig. 1. High altitude landscape in the research area of the Geobotanical
Department, SFIT Ziirich: the ridge Wannengrat-Chérbschhorn, 2514-2650 m.
a. s. 1., siliceous substratum(paraschists and gneiss). Vegetation in
foreground is dominated by Agrostis Schraderiana. Photograph taken by

H. Bolzern on July 15, 1984.

2. The term "high altitude(s)" used here is obviously relative. The al-
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titude bracket our studies are carried out within corresponds to some
2300-2850 m. a. s. l., which represents a rough equivalent of 7500-9350
ft. In the surroundings of Davos, Grisons(E Switzerland, central part of
the Alpine chain) where our research area is situated, these altitudes
represent a true alpine landscape (Fig. 1). On the other hand, the tim-
berline in e. g. canton of Wallis stands higher (2400 m. a. s. 1., Landolt
1983, 1984). Compared to e. g. Central Rocky Mts, the altitudes in Swi-
tzerland do not seem very impressive but the ecological situation is
clear, plant life conditions being exceedingly rigorous in some sites.

Growth patterns

Bar very few taxa, growth in plants inhabiting alpine and subnival veget-
ation belt can be characterized as slow and low, the representative life
form being a herbaceous perennial with relatively large underground bio-
mass at more advanced developmental stages. In some taxa from extreme
sites e. g. scree slopes, the very high potential for the root system
growth is observable already at the seedling phase(Fig. 2); in others,
the differences between aerial and subterranean parts may be not very
distinct at early life phases, as indicated by experimental studies of
Fossati(1980), Schiitz(1983 and unpubl.) or Weilemann(1980, 1981, Fig. 3).

Scm

— e

Fig. 2. Xerox silhouettes of 30-35 days old seedlings. l.to r.: Biscu-
tella levigata(after Gasser 198l), Cirsium spinosissimum and Doronicum
grandiflorum(unpublished data of Elmer). Climatic chamber experiments.
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Fig. 3. Early life phases in Trifolium alpinum: xXerox silhouettes of
seedlings and young plants. Greenhouse experiment of Weilenmann(1981).

Numerous alpine plants manifest clonal growth resulting sometimes in ra-
ther complex structures. To illiustrate the diverse behavioural patterns,
some taxa studied in our research programme have been selected. For in-
stance, Biscutella levigata(mustard family) produces secondary rosettes
not only from lateral buds but also from root suckers developed in some
distance from the mother rosette(Gasser 1981, 1983, 1986). Clonal system
in Doronicum grandiflorum(composite family) is supported by a strong
rhizome that may undergo fragmentation, especially in non-stabilized
scree slopes (Schiitz unpubl., Somson 1984); a similar patterns occurS in
Ranunculus montanus s. str. (buttercup family) inhabiting scree and/or
talus slopes(Dickenmann 1980, 1982). Geum reptans(rose family), very suc-
cessful in some pioneer sites, produces numerous aboveground stolons with
terminal rosettes that have to remain connected with the mother rosette
for a rather long time if they are to survive(Urbanska and Schiitz, un-
publ.).

The formation of tussocks in alpine grasses and graminoids is obviously
well-known. It is perhaps less known that clones in some taxa of this
group not only consist of tillers but also are reinforced by other struc-
tures. For instance, Poa cenisia produces both extravaginal tillers and
long underground stolons. On the other hand, Trisetum distichophyllum
and Agrostis Schraderiana do not develope compact tiller groups but have
well-defined, slender stolons that are resistent to an intermittent de-
bris surface cover and render the large clonal system easily adaptable
to changes occurring in unstabilized scree or talus slopes(Fig. 4). Til-
ler groups in Carex rupestris are held together by underground stolons,
whereas the compact clones in C. firma are supported by strong, short
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rhizomes (see Hess et al. 1967).

\'\

Fig. 4. Trisetum distichophyllum: a small fragment of the extensive clon-
al system. x = tillers and roots sprouting from the stolon nodes.

It goes without saying that not only the field observations on clonal sys-
tems of alpine plants but also experimental studies on growth and regen-
eration of high altitude taxa are indispensable for a better assessment

of plant potential in revegetation trials. This aspect of the high altit-
ude revegetation research is exceedingly important, for two reasons:

1. In particularly endangered surfaces, revegetation by planting is fre-
quently carried out(see e. g. Miller and Miller 1978). Above timberline,
however, direct transplantations should positively be avoided; the con-
cept of repairing damage in one site by inflicting damages upon another
one does not make any sense. On the other hand, our recent experimental
results demonstrate that some Alpine grasses can easily be cloned from
single tillers. In Festuca pumila for instance, a small tussock of about
15 cm in diameter consists of about 300 tillers; the recovery percentage
is 95-100% and the recovery time from a single tiller to a developed clon-
al module of several tillers is six weeks-two months(Hefti unpubl.). It
should be noted that 300 clonal modules are sufficient for revegetation
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of a surface of about 16 m2; the environment-conscious method of the sin-
gle-tiller-cloning is to be strongly recommended indeed.

2. Cloning apparently has a strong invigorating effect; our results sug-
gest that in some taxa not only the vegetative growth but also the form-
ation of reproductive structures is enhanced(Urbanska unpubl, Hefti un-

publ.). The latter aspect calls for a special attention.

Reproductive behaviour

Reproduction in alpine plants follows diverse patterns, both sexual and
asexual processes being involved. Of a particular interest is the multi-
farious asexual reproduction that, on the one hand, results in the seed
formation (agamospermy) and, on the other hand, comprises vivipary, form-
ation of bulbils as well as the actual fragmentation of clones with the
subsequent appearance of physiologically independent modules (Urbanska
1985).

The experimental clone fragmentation by separation of single tillers was
just discussed; in the wild, larger clonal parts are usually separated
as the result of soil disturbance. It seems that this kind of asexual re-
production may frequently occur in unctable or disturbed sites; however,
the recovery potential in many taxa is not exactly known and should be
included in revegetation research.

Germinating behaviour and seedling establishment in plants inhabiting
high altitude sites in the Alps were discussed in another paper (Urbanska
and Schiitz, in press) to which the reader is referred for more detailed
information. For the present contribution, we have selected some aspects
of the reproduction by seed and also vivipary which seems to be impor-
tant for the Alpine revegetation research.
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Doronlcum grandiflorum: germinating behaviour in seed originating from
two alplne populations in the same area at about 2500 m. a. s. 1.
DT = Ducantal; AE = Aelpli. Unpublished data of G. Elmer and M. Schiitz.
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Seed output in alpine plants depends on environmental conditions and dra-
matic variation from year to year is well-known(see e. g. Fossati 1980,
Urbanska 1985). Not only the gquantity of developed seeds but also their
quality may vary from site to site and even from one population sector

to another(Fig. 5). Breeding behaviour of a given taxon plays an import-
ant rdole in the seed production: autonomously agamospermous and/or auto-
gamous taxa possibly have a better chance than predominantly outbreeding
plants dependent on mating partners. However, the successful seed prod-
uction at high altitudes is influenced by climatic conditions not only at
the onset of the seed-setting but also at later phases. The condition of
the mother plant represents another important factor as a seed is large-
ly the maternal investment (Westoby and Rice 1982).

Our recent observations indicate that not only the very production of
seeds but also their germinating behaviour may be modified by ecological
conditions accompanying the seed development. In late summer 1984, some
plants have been brought from our Alpine research area to the experiment-
al garden of the Geobotanical Department in Zirich (400 m. a. s. 1l.) and
planted in a cold frame for overwintering; in the following year, seed
production and the germinating behaviour were studied both in the mate-
rial from the garden as well as in samples collected in the original si-
tes above timberline. 1In three taxa studied, germination rates were
higher in the garden-grown seeds than in those harvested in the alpine
populations (Urbanska and Schiitz, in press). Particularly interesting
proved to be Trisetum spicatum that not only produced in the garden nume-
rous well-germinating seeds(Fig. 6) but also some viviparous tillers.
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Fig. 6. Gerninating behaviour in Trisetum spicatum: seeds from the same
alpine population harvested in the experimental garden and those collect-
ed in the wild. Climatic chamber trial. From Urbanska and Schitz, in press.
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Seed dormancy occurring in plants inhabiting high altitude sites in the
Alps represents a rather complex phenomenon(Urbanska and Schiitz, in press).
It is interesting that scarification is frequently more effective than

the cold treatment(see e. g. Fossati 1976, 1980, Schiitz 1983 and unpubl,
Urbanska et al. 1979, Weilenmann 1980, 1981, Zuur-Isler 1981, 1982). In
this respect, behavioural patterns in Alpine plants are comparable to
those reported from other mountains(see e. g. Amen 1966). A suitable pre-
treatment of the seed material prior to the sowing proved advantageous

in our field trials(Schiitz unpubl, Urbanska 1986). Another aspect import-
ant for revegetation research in the Alps is an apparent influence of sub-
stratum upon germination of some high altitude taxa(see e. g. Schiitz and
Urbanska 1984, Gasser 1986); it has to be taken into account when the ma-
terial for revegetation by sowing is being selected. .

Seedling establishment represents a particularly hazard-exposed phase in
life history of alpine plants. Conditions above timberline are not only
harsh but also unpredictable and the importance of safe sites(Harper 1977)
is primary. In commercial revegetation carried out above timberline, lar-
ge amounts of fertilizer are applied to boost the growth of the lowland
material used. It is necessary to remember, however, that alpine ecosys-
tems do have a low-nutrient budget and some nutrients may be limiting, but
the plants adapted to life in alpine and subnival vegetation belt evolved
strategies to cope with these conditions. For this reason, safe sites in
the alpine area may not necessarily be defined in the first place by a
high nutrient content of the soil. On the other hand, low temperatures

are normal at high altitudes but an excessive frost combined with wind
that appreciably increases the chilling factor may have sublethal or le-
thal effects. The same can be said about drought, another important ha-
zard in the alpine life. It seems that the safe sites above timberline
have to be viewed not only in the perspective of possible advantages they
have to offer(e. g. a suitable soil structure) but also in terms of pro-
tection they give to plants at their early life phases{Urbanska and
Schiitz, in press). Further studies in this subject are required.

Reproduction by vivipary represents a low-risk strategy(Urbanska 1985).
Plantlets of viviparous grasses produce tillers of greater stature than
those developed from seeds of closely related seeé—bearing taxa(Harmer
1984). The nutrient capitai of plantlets is larger than that in seeds
(Harmer and Lee 1978) and they are photosynthetically active from the
very first stages of development; those factors may confer competitive
advantages and also may be expected to favour establishment in habitats
subject to short vegetation season. According to Lee and Harmer (1980) vi-
vipary can be considered as a reproductive strategy evolved in response
to environmental stress.

As far as the Alpine flora is concerned, viviparous Poa alpina represents
certainly one of the most successful taxa above timberline. Its propagule
output is generally high and so are the propagule establishment rates
(Zollikofer 1930, Bachmann 1980, Urbanska 1985). Preliminary results ob-
tained on Poa alpina in our revegetation research programme are indeed
encouraging. The propagule output in the small tussocks brought to the
experimental garden proved to be exceedingly high and the single-propagu-
le-cloning resulted in the 100% recovery; the obtained tillers manifest-
ed an agressive growth(Urbanska unpubl.). Out of the 200 clonal modules
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planted into ski-run surfaces upon acidic silicate and dolomite, all
produced culms with new propagules within ¢rly six weeks and at the end
of the field season some new propagules were apparently established with-
in the trial plots(Hefti unpubl.). An average propagule output per culm
in the field being 30, the exceedingly high reproductive potential in vi-
viparous Poa alpina is clearly recognizable.

Demographic behaviour

Growth patterns and reproductive strategies strongly influence the demo-
graphic behaviour of Alpine plants. This influence is particularly pro-
nounced in extreme ecoiogical sites; recent data from alpine vegetation
belt show that demographic parameters in a given taxon may vary not only
from one substratum to another but even from one niche to another (Figs 7-
9), both the quantitative aspects as well as the very occurrence of par-
ticular age-state variants(e. g. seedlings) being closely related to site
conditions.

Demographic studies permit to assess the population dynamics and the even-
tual population turnover. For this reason, data on e. g. population size,
density and/or distribution of age-state variants in natural sites repre-
sent very useful criteria for the selection of plant material used in
revegetation trials and may have a high prognostic value in a long-term
planning.

Individuals / dm2

12

24 l

{ |
d a i 4 a i d a i
dolomite serpentine acidic silicate

Fig. 7. Demographic studies in Biscutella levigata: global evaluations
of density(d), abundance(a) and index of dispersion(i) (- S.D.) of seed-
lings, non-reproducing and reproducing rosettes on dolomite, serpentine

and acidic silicate. Alpine vegetation belt, census of august 1983, After
Gasser (1986).
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Figs 8-9. Demographic studies in Biscutella levigata: global evaluations
of density(d), abundance(a) and index of dispersion(i) (+S.D.) in various
sites upon dolomite(8) and serpentine(9). Aipine vegetaEion'belt, census
of August 1983. After Gasser(1986).

Summing up

The data discussed in the present paper demonstrate that the knowledge
of biological processes involved both in colonization of revegetated
sites at high altitudes as well as in their actual exploitation is still
largely deficient. We should like to stress this point especially in re-
lation to the areas ahove timberline; t™e larce nrogress made in the re-
veretation research in orth America, essential for develonin~ ecolocic-
z_ly compatible revegetation practices, applies as yet rostly to subal-
pine and suprasubalpine vegetation belt. )

As far as the Alps are concerned, revegetation research above timberline
is rare and mostly focused upon successional stages in surfaces where
lowland seeds were sown with unsatisfactory results(e. g. Meisterhans, in
preparation). However, studies dealing with the actual selection of native
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plant materials and observations on soil and site dynamics are exceedingly
important and an integrated scientific programme should be developed.

The principal problem emerging when revegetation by seeding with use of

the native materials is considered is the availability of seeds. For the
time being, there simply is no sufficient supply of any seed material
adapted to the areas above timberline, let alone the particularly well-
performing taxa. A repeated harvest in the wild is environment-damaging,
not always reliable and admittedly expensive. Further studies should show
if cultivation of selected alpine taxa at lower altitudes , especially
reinforced by cloning, would ensure an increased and/or qualitatively bet-
ter supply of alpine seeds without a recurrent damage to the natural po-
pulations. Our results suggest that a proper choice of material and a
suitable pretreatment of seeds may result in their better germination

than that in the case of a non-selective seeding; in this way, more effect-
ive results may be obtained with less material used.

The concept of safe site above timberline may have to be modified for each
particular situation, but principally it should focuse upon surface stabil-
ity and protection from drought and frost, an extensive application of fer-
tilizer being open to further verification. As far as the Swiss Alps are
concerned, protection from grazing animals should also be taken into con-
sideration.

Revegetation by planting is time- and labour-consuming; it will have pro-
bably to be reserved for limited, especially endangered surfaces. On the
other hand, it might assure a better success rate than revegetation by
seeding. Planting combined with seeding might represent an optimum reveget-
ation strategy and will be examined in our programme. Another interesting
aspect represents revegetation by "seeding" of viviparous propagules, now
studied by the present author.

The research programme outlined above obviously deals with only a part of
the complex problem. Detailed studies on soil structure and stability, de-
velopment of root system, long-term observations on performance and repro-
ductive success, remain a wishful thinking - at least for the time being
and as far as Switzerland is concerned. However, revegetation above tim-
berline in the Swiss Alps still proceeds by a "trial and error" method.

A serious revegetation research may in the long run reduce the number of
trials and eliminate at least some errors; it is therefore urgently needed.
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SECONDARY SUCCESSION PATTERNS IN A DISTURBED SAGEBRUSH COMMUNITY
IN NORTHWEST COLORADO
Edward F. Redente and Mario E. Biondini

Range Science Department
Colorado State University

ABSTRACT

The relationship between secondary succession, soil disturbance, and
soil biological activity were studied on a sagebrush community in the
Piceance Basin of northwest Colorado. Four levels of soil disturbance were
imposed ‘f011ow1ng vegetation removal: (1) topsoil 1left in place;
(2) topsoil ripped to a depth of 30 cm; (3) topsoil and subsoil were removed
to a depth of 1 m, mixed and replaced; and (4) topsoil and subsoil were
removed to a depth of 2 m and replaced in a reverse order. Plant species
composition, dehydrogenase and phosphatase enzymatic activity, mycorrhizal
inoculum potential (MIP), and percent organic matter were the variables
measured.

Treatment 4 drastically altered the pattern of vegetation succession.

Treatments 2, 3, and 4 started with Russian thistle (Salsola iberica) as the

dominant species but six years later, Treatments 3, and to lesser extent 2,
were similar to the species composition of Treatment 1, dominated by
perennial grasses and perennial forbs. Treatment 4 developed a
shrub-dominated community. Both dehydrogenase enzymatic activity and MIP
increased with the change from Russian thistle to a vegetation dominated by

either perennial grasses and forbs or shrubs. The intensity of disturbance
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in Treatments 2, 3, and 4 resulted in drastic reductions of dehydrogenase
activity and MIP, but in six years they recovered to levels comparable to
Treatment 1. Phosphatase enzyme activity and organic matter were unrelated
to species composition but related to treatment and time elapsed. In both

cases a significant decrease was observed throughout the six-year period.

INTRODUCTION

Succession theory has played a central role in plant ecology for more
than 80 years. Early views caused succession to be defined as a community
or species replacement driven exclusively by autogenic environmental
modification (Weaver and C]ements, 1938). Most recently new theories have
been developed that relate succession to tolerance and inhibition factors,
species life-history characteristics, and population processes.

Most succession studies have been confined to the vegetation part of
the ecosystem. Only recently the interrelationship between plant succession
and soil biological activity has begun to be studied. Parkinson (1979), in
a literature review of reclamation succession, noted the lack of information
which relates plant succession to type and levels of disturbance and soil
biological activity.

The present study was designed to address two main objectives: (1) to
determine how various forms and intensities of soil disturbance can affect
soil biological activity and rate of vegetation succéssion; and (2) to
determine the degree of relationship between soil biological activity and

species composition during succession.
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MATERIALS AND METHODS

The study site was located in the Piceance Basin of northwest Colorado
at an elevation of 2020 m. Sagebrush-grassland was the dominant vegetation

type before disturbance and big sagebrush (Artemisia tridentata tridentata)

comprised 60-80% of the canopy cover. Western wheatgrass (Agropyron
smithii), streambank wheatgrass (A. riparium), prairie junegrass (Koeleria

cristata), Indian ricegrass (Oryzopsis hymenoides), needlie-and-thread grass

(Stipa comata), and scarlet globemallow (Sphaeralcea coccinea) were major

understory species. Soil texture ranged from loam to clay loam with the
combined A and B horizons 30-60 cm deep. The pH was 8.0, electrical
conductiVity (EC) averaged 0.5 mmhos/cm, nitrate-nitrogen was 5 ppm (water
extract), and phosphorus was 2.3 ppm (ammonium bicarbonate extract) in the
first 15 cm of soil. Annual precipitation is 250-300 mm, approximately one
half received as snow (Redente et al., 1984),.

The study was initiated in the summer of 1976. Treatments consisted of

four levels of soil disturbance following vegetation removal:
Treatment 1: Minimal disturbance to topsoil (A and B horizons).
Treatment 2: Topsoil ripped to a depth of 30 cm.

Treatment 3: Topsoil and subsoil (C horizon) were removed to a depth of
1 m. The material was mixed together and replaced.

Treatment 4: Two layers of 1 m of soil were removed and replaced in a
reverse order with the second layer placed on the
surface.

The experiment was arranged in a randomized block design with two

replications per treatment. The plots were 6 x 8 m with a 1.5-m buffer zone
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between plots. The vegetation variable measured was plant canopy cover.
The plots were sampled once a year, at the end of the growing season, with
ten 0.25 m2 (25 x 100 cm) permanent quadrats randomly located within each
plot. Cover values were then utilized to calculate species composition (as
percent relative cover).

Measurements of soil organic matter, potential dehydrogenase and
phosphatase enzymatic activity, and mycorrhizal inoculum potential (MIP)
were utilized as indices of soil biological activity (Klein et al., 1982;
Reeves et al., 1982). Organic matter was chosen in the present study as a
general index of the soil reserve nutrient status. Soil enzymatic
activitieé are a far better index of soil biological activity than microbial
counts since little is known about the activities of individual microbial
species (Kuprevich and Shcherbakova, 1966). Dehydrogenase enzymes
participate in the oxidation of carbohydrates and require the presence of
NAD and NADP as co-factors. Dehydrogenases in soils are only found in
intact functioning microorganisms and as such their level of activity can be
used as an index of the capacity to process carbon by the microflora
(Skujins, 1978). The majority of phosphatase enzymes in the soil are
contributed by soil heterotrophic microorganisms even though some can exist
as free enzymes (Speir and Ross, 1978). Their activity level, then, can be
an indicator of the availability of free (not part of the plant material)
carbon and nutrients in the soil. It has been shown that mycorrhizal fungi
are crucial in the functioning of many climax species in a variety of
ecosystems. Their presence or absence then can be a determinant factor in
the control of successional patterns (Langford and. Buell, 1969; Reeves

et al., 1979, 1982).
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Three soil samples from a depth of 5-10 cm were randomiy collected from
each plot at the time of the vegetation sampling. Dehydrogenase and
phosphatase enzymatic activities and soil organic matter were measured
according to Hersman and Klein (1979). The dehydrogenase activity values
presented in this study represent the ‘potential' activities, i.e., the
maximum capacity of the soil microflora to process carbon. The assays were
carried out with the addition of 0.5 ml of a 1% glucose solution in place of
distilled water. Mycorrhizal infectivity of the soil was measured as
percentage infection in corn bioassay plants as described by Moorman and

Reeves (1979).

RESULTS

Vegetation Successional Patterns

The main patterns of vegetation succession in this study were given by
the changes through time of: (1) perennial grasses, (2) perennial forbs,
(3) annual forbs, and (4) shrubs. The general pattern followed by perennial
grasses was an increase in percent relative cover (PRC) as time elapsed and
an inverse relationship between perennial grass composition and the severity
of the treatment (Table 1). The grass PRC in Treatment 1 increased from 49%
in 1977 to 62% in 1982. The vegetation of Treatments 2 and 3 began with a
very low grass PRC but made a substantial gain in the six-year period. In
contrast, the vegetation of Treatment 4 had a low grass PRC throughout the
six-year period. The grass component of Treatment 4 increased from 0.04% in

1977 to only 5% in 1982,



Table 1.

Percent relative cover for the dominant species in each treatment for years 1, 4, 5, and 6 of succession.?

Treatment 1

Treatment 2

Treatment 3

Treatment 4

Year of Succession

Year of Succession

Year of Succession

Year of Succession

Common Name Sclentific Name 1 4q 5 6 1 4 5 6 1 4 5 6 1 4 5 6
GRASSES
Streambank wheatgrass Agropyron riparium 2.73 6.75 29.87 26.24 2.61 3,59 21.90 19,62 0.001 0.001 10.18 21.9% 0.001 0.001 0.47 0.68
Western wheatgrass Agropyron smithii 0.34 18.19 4.54 8.78 7.2 5,16 4.92 2.10 0.03 0.2 4.17 7.62 0.001 0.001 0.09 0.001
Prairie junegrass Koeleria cristata 17.05 11.93 18.29 9.32 2.61 1.60 2.72 6.29 0.001 0.00f 0.001 0.51 0.001 0.001 0.00! 0.68
Indian ricegrass Oryzopsis hymenoides 1.02 1.47 3.8 3.62 1.20 2,21 4,58 3.05 0.07 0.47 6.01 3.76 0.04 0.21 4,03 2.83
Needle-and-thread grass Stipa comata 6.62 6.60 * 4,01 14.12 0.05 -0.74 4,67 6.95 0.34 1,11 0.001 9.96 0.00 0.00 0.00 1.25
Other grassesb 21.28 4.8 3.42 0.07 0.27 0.00 0.00 0.00 0.83 2.76 0.00 0.00 0.00 0.00 0.28 0.00
TOTAL GRASSES 49.04 49.83 63.95 62.15 14,27 13.30 38.79 38.07 1.27 4.55 20.36 43.80 0.04 0.21 4,87 5.44
PERENNIAL FORBS
Scarlet globemallow Sphaeralcea coccinea 26.74 28.36 22.37 22.81 11.87 17.77 32.51 9.62 1.01 2,11 3.98 4.07 1.48 2.16 4.31 3.17
Wild daisy Erigeron engelmannii 0.41 0.001 0.53 0.27 0.05 0.21 1.78 2.57 0.00 0.00 0.00 0.00 0.00 0.001 0.75 1.93
Cushion phlox Phlox muscoides 6.3 3.81 5,92 8.33 1.14 1.44 3,74 7.52 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00
Lobeleaf groundsel Senecio multilobatus 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.00 0.10 0.001 3.69 3.15 0.00 0.06 2.34 .12
Holyleaf clover Trifolium gymnocarpon 0.41 0.20 2.89 1.18 0.33 0.19 1,61 1.24 0.03 0.001 0.29 0.00 0.00 0.00 0.00 0.00
Other perennial forbs 0.00 0.00 0.33 0.00 0.00 0.00 0.52 0.10 0.00 0.02 9.31 18.04 0.00 2.28 4.39 0.57
TOTAL PERENNIAL FORBS 33.90 32,37 28.82 32.86 13,39 19.61 40.16 21.05 1.14 2,13 17.27 25.31 1.48 4,50 11.79 11.79
ANNUAL FORBS
Russian thistle Salsola iberica 11.73 13.40 1.58 0.09 66.12 62.20 6.03 2.29 91.56 91.38 54,70 21.04 92.62 90.82 47.85 6.57
OTHER ANNUAL FORBS 2.90 3.60 1.00 2.45 0.00 0.00 0.00 0.00 0.00 0.00 4.01 0.00 0.00 0.00 0.00 0.00
SHRUBS
Big sagebrush Artemisia tridentata 0.14 0.15 0.20 0.63 0.11 0.13 0.42 1.81 0.00 0.00 0.97 1.73 0.23 0.21 6.55 12.12
Rubber rabbitbrush Chrysothamnus nauseosus 0.00 0.00 0.00 0.00 2.45 2,71 10.61 24.00 0.00 0.00 0.00 0.00 0.80 4.12 16.67 25.93
Green rabbitbrush Chrysothamnus viscidiflorus 1.36 0.49 0.33 0.4 0.27 0.53 2.12 1.33 0.00 0.00 0.00 0.00 2.09 0.06 5.90 10.08
Broom snakeweed Gutierrezia sarothrae 0.82 0.05 0,53 1.09 2,72 1.36 1.87 10.57 5.91 1.32 2.13 7.52 2.28 0.02 4.87 26.73
TOTAL SHRUBS 2.32 0.69 0.73 2.17 5.55 4,73 15.02 37.71 5.91 1.32 3.10 9.25 5.40 4,41 33.99 74.86

2 Table taken from Biondini et al. 1985.

b In 1977 there was an invasion of Agropyron desertorum from an adjacent study on one of the replications of Treatment 1,
'Other grasses' category in Treatment f

of year 1.

That is the reason for the high values of the

TANA
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The general pattern followed by perennial forbs was an increase in PRC
as time elapsed, and an inverse relationship between perennial forb PRC
and the severity of the treatment (Table 1). Perennial forb PRC in
Treatment 1 was virtually unchanged in the six-year period. The vegetation
of Treatments 2 and 3 started with a low perennial forb component but as
time elapsed they changed in the director of Treatment 1. Perennial forb
PRC also increased with time in Treatment 4 even though it remained below
the level of the other three treatments.

Russian thistle was a major species 1in the initial stages of
succession. Its contribution to species composition of Treatments 3 and 4
was very high in the first year of succession (Table 1). Russian thistle
PRC decreased sharply with time in all treatments in contrast to grasses and
perennial forbs. The only treatment with a sizable Russian thistle
component after six years was Treatment 3 with a PRC of 21%.

Shrubs were the main group of species to differentiate Treatments 1, 2,
and 3 from 4. Shrub PRC on Treatments 1 and 3 never surpassed 10%
throughout the six-year period (Table 1). Treatment 2 showed a steady
increase in shrub PRC (Table 1). The biggest increase, from 5% to 75% in
shrub PRC was observed in freatment 4,

The major trends in the PRC of the species groups described above
support the hypothesis that high levels of soil disturbance can alter the

direction of secondary succession (as defined by species composition).

Soil Biological Activity

Dehydrogenase enzymatic activity was positively related to the

establishment of perennial grasses and shrubs and negatively related to
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Russian thistle composition (Figs. 1 and 2). Low values of dehydrogenase
activities coincided with stands dominated by Russian thistle. Treatments
2, 3, and 4 started with dehydrogenase activities of 8.45, 3.82, and 4.25 .g
formazan g'1 24 nr-l while Treatment 1 had values of 12.16 ug formazan g'1
24 hr-l (Table 2). An increase in dehydrogenase activity was observed as
succession proceeded and perennial species became established. This
increase was independent of whether the vegetation was changing toward a
grass-forb-dominated community (Treatment 1, 2 and to a certain extent 3) or
a shrub-dominated community (Treatment 4). The four treatments did not
differ significantly (p ¥ 0.15) in dehydrogenase enzymatic activity in year
6 of sucéession regardless of the severity of the soil disturbance (Table
2).

Mycorrhizal inoculum potential followed a pattern similar to dehydro-
genase activity. It has a significant relationship with both perennial
grasses and shrubs and Russian thistle (Figs. 1 and 2). Low level of MIP
coincided with the dominance of Russian thistle. In Treatments 3 and 4,
where Russian thistle comprised more than 90% of the species composition,
MIP values were 13% and 11.5% in the first year of succession (Table 2).
Treatment 2 had a MIP value of 44.5% while Treatment 1 had a value of 55.0%
and Treatments 1 and 2 were significantly different from Treatments 3 and 4
(p ® 0.032) in the first year of succession. The MIP values increased with
>succession independently of whether the vegetation was changing toward a
grass-forb- or shrub-dominated community. The severity of the treatment did

not have an effect on MIP values after six years of succession. In 1982



Table 2. Levels of dehydrogenase and phosphatase enzymatic activities, mycorrhizal infection potentials, and organic matter in each treatment for

Years 1, 4, 5, and 6 of succession.

Treatment 1

Treatment 2 Treatment 3 Treatment 4

Year of Succession

Year of Succession Year of Succession Year of Succession

Soil Parameters 1 4 5

6 1 4 5 6 1 4 5 6 1 4 5 6

Organic matter (%) 2.81 1.3 1.47

Dehydrogenase actlvity

(ug formazan g-1 24°n-1) 12,16 25.78 27.37

Phosphatase Tctixity
=1 p-1)

(1g PNP g 89.4 114.98 87.51

Mycorrhizal infection

potential (%) 55.00 66.50 66.50

1.12 2.80 1.38 1,38 1.19 1.97 0.81 0.94 0.9 1.31 0.40 0.44 0.54
30.62 8.45 21.52 26.15 26.98 3.82 8.59 20.04 22.53 4,25 6.88 22,47 23.82

71.45 199.00 110.53 73.54 71.39 190.06 63.86 42.14 50.15 111.60 41.83 29.95 31.92

67.00 44.50 52.50 59,50 67.50 13.00 11.00 31.00 36.00 11.50 20.00 22.50 69.00

 Table taken from Biondini et al. (1985).
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potential (MIP) in relation to the species composition
of perennial grasses and shrubs. Taken from Biondini
et al. (1985).
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MIP values for Treatments 1, 2 and 4 were not significantly different
(p = 0.20) (Table 2). Treatment 3 was significantly different from
Treatments 1, 2, and 4 (p = 0.05).

Phosphatase enzymatic activity and percent organic matter were not
related to vegetation composition. They were, however, negatively
correlated to time elapsed in the succession (Figure 3a). Phosphatase
enzymatic activity decreased from an average (across all treatments) of
147.65 ug PNP g1 hr-1 in 1977 to 56.22 ug PNP g~ hr™' in 1982. Likewise,
organic matter decreased from an average (across all treatments) of 2.22%
g'1 dry soil in 1977 to 0.93% gJ- dry soil in 1982. The severity of the
treatment proved to have a significant and lasting effect on these two
parameters. Six years after disturbance, Treatments 3 and 4 had lower
phosphatase enyzmatic activity than 1 and 2 (p = 0.05) (Table 2). Organic
matter in Treatments 1 and 2 was consistently higher than in 3 and 4 both in

1977 (p = 0.05) and 1982 (p = 0.052) (Table 2). Phosphatase enzymatic

activity and percent organic matter were linearly correlated (Fig. 3b).

DISCUSSION

The general pattern of succession for Treatments 2, 3 and 4 consisted
of an initial stage in which Russian thistle was the dominant species
followed by a shift toward a grass-forb-dominated community in Treatments 2
and 3 and a shrub-dominated community in 4. In Treatment 1, the lower level
of soil disturbance allowed only for a reduced invasion by Russian thistle.

The species composition of Treatment 1 remained relatively unchanged



PHOSPHATASE ACTIVITY (kg PNP g'h™')

Figure 3.

PHOSPHATASE ACTIVITY
(g PNP g'n™")

238

SOIL ORGANIC MATTER (%)

250 r 2.5
(a) 8 Soil Orgonic Matter ‘
© Phosphatase Activity
200 -12.0
y =2.16-0.93X
1504~ r2 =0.86 p =001 His
100 —1t.0
50 -10.5
y =164.01-19.4X
r2 =0.96 p=~ 0.0!
! 1 1 o)
ol 4 5 6
YEAR OF SUCCESSION
240
(b)
200 o
o]
160 |-
120
80
40 |- o] y =153+ 54.6X
r2 =0.60 p=~ 0.0l
0 1 { 1 1 J
0 0.6 1.2 1.8 2.4 3.0

SOIL ORGANIC MATTER (%)

Phosphatase enzymatic activity and soil organic matter
dynamics. (a) Average phosphatase activity and soil
organic matter as related to successional time;
(b) relationship between soil organic matter and
pfllosphatase activity. Taken from Biondini et al.
(1985).



239

throughout the six-year period, showing only a small trade-off between
Russian thistle and perennial grasses.

Considering belowground processes, dehydrogenase enzymatic activity and
MIP increased their levels with the advance of succession and were
correlated to the shift in dominance from Russian thistle to herennia]
grasses and shrubs (Figs. 1 and 2). Phosphatase enzymatic activity and soil
organic matter (which can give an indication of the availability of free
nutrients and carbon in the soil) sharply decreased as time advanced. This
decline may be an indication that as succession advanced, nutrient flow
tightened (more nutrients immobilized in the plant biomass) and that the
grasses and forbs that dominated Treatments 1, 2, and 3 or the shrubs that
dominated Treatment 4 were more able to exploit these conditions. We
speculate that the capacity of the latter successional species to exploit
conditions of low nutrient availability may be related to a successional
shift in the microflora composition from predominantly heterotrophic
microorganisms that depend on free nutrients in the soil to plant dependent
microorganisms which function in the rhizosphere.

Both rhizosphere microorganisms as well as mycorrhizal fungi have been
shown to increase the capacity of plants to acquire nutrients under
conditions of nutrient stress (Alexander, 1977; St. John and Coleman, 1983).
This requires the diversion of fixed carbon toward the maintenance of a
rhizosphere population. In the initial stages of secondary succession,
conditions of nutrient abundance generally occur as a consequence of
breakdown of organic matter previously tied up in plant material (Gorhman
et al. 1979). Therefore we theorize that under these conditions it is not a

profitable strategy for plants to divert part of their fixed carbon to
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maintain an extensive rhizosphere microflora population. With the advance
of succession, however, more nutrients become immobilized in plant materials
and less, in our view, are available in mineral forms, resulting in a
nutrient stress of the plants. At this point, we theorize, it becomes a
profitable strategy for plants to divert part of their fixed carbon to
maintain a rhizosphere population in order to increase their capacity to
acquire nutrients. It is within this general context that we view our
hypothesized shift in the microflora composition from one predominantly
comprised of free soil microorganisms to one with a higher composition of
rhizosphere microorganisms.

Microbial activity in the free soil and the availability of a carbon
source are correlated with the level of phosphatase enzymatic activity
(Speir and Ross, 1978). A tight nutrient cycle and a reduction in free soil
heterotrophic microorganisms would be consistent with the observed decline
in phosphatase activity and organic matter. Cundell (1977) found evidence
that in semi-arid areas the rhizosphere of grasses and shrubs is a very
favorable place for microorganism development. The observed increases in
dehydrogenase activity and MIP could then be explained by an increase in the
rhizosphere microorganisms induced by an improvement in the rhizosphere
environment with the shift from annual forbs to native perennial grasses and
shrubs. It could also explain the relationship found between dehydrogenase
activity and MIP and species composition.

One factor that was not anticipated was the rapid recovery of dehydro-
genase activity and MIP under conditions of extreme soil disturbance (such
as Treatment 4). This recovery in dehydrogenase activity and MIP was

particularly unexpected in Treatment 4 where the horizons were reversed and
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parent material became the topsoil. This operation, on the other hand,
could have been responsible for the ultimate dominance of shrubs in this
treatment and the poor performance of perennial grasses and forbs. Shrubs,
with their deep root system, are more adapted to soils with a coarse
structure and precipitation that takes place either out of the growing
season or consists of large but infrequent events (Neil and Tueller, 1971),
These two conditions were met in the study. The reversed horizons resulted
in a new "topsoil" with a very rocky surface. Fifty percent of the rainfall
in the Piceance Basin occurs in the winter. The very low level of grass and
perennial forb establishment in these plots (Table 1) also could have
enhanced. the probability 6f shrub establishment by a reduction in
competition. The establishment of shrubs then could have created adequate
rhizosphere conditions for microbial and mycorrhizae development. This
could explain in part the rapid recovery of dehydrogenase activity and MIP
(according to Reeves et al. (1979) the four shrubs in question (Table 1) are
mycorrhizal).

Another unexpected result was the fact that enough viable spores of
vesicular-arbuscular mycorrhizae were still present to reinfest plants after
four years without an adequate host. Recent research by Schmidt and Reeves
(1983) advances the proposition that Russian thistle, even though not a
mycorrhizal plant, can create conditions around the roots (such as some
carbohydrate exudates) to allow the fungi spores to remain viable until an
adequate host develops.

In the present experiment dehydrogenase enzyme activity potentials

after six years of succession averaged 25.99 ug formazan g~ 24 hr-1 while
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native undisturbed vegetation had values of 19.05 ug formazan grl 24 nr-1
(Klein et al., 1982). This difference was consistent with Titlyanova's
(1982) analysis of vegetation succession in the Siberian steppe. She found
that the activity of the microbiocenosis was maximized at the intermediate
seral stages and declined as vegetation approached climax.

One aspect of the results was in direct contradiction to most of the
literature. Organic matter has been widely reported to increase with
succession (Bard, 1952; Davidson, 1965; Zedler and Zedler, 1969; Chertov and
Razunovskii, 1980; Aweto, 1981; Shavkat et al., 1982). In this experiment,
however, a decline in soil organic matter was observed in all treatments
(Table 2). The levels of soil organic matter in Treatments 1 and 2 after
six years were comparable to the ones observed in the native undisturbed
vegetation, 1.12% (Klein et al., 1982). After six years soil organic matter
was still below the native vegetation levels, however, in Treatments 3 and
4, A plausible explanation for this result could be a lag in the
re-establishment of an equilibrium between inputs and outputs in the carbon
cycle. We theorize that the release of COp via the decomposition of
organic matter (incorporated in the soil by the disturbance) was higher than
the corresponding inputs of new organic matter by the plants. This resulted
in a negative balance, and as such, a reduction of soil organic matter

occurred through time.
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ABSTRACT

Four species of containerized tree seedlings, and hardwood cuttings
of nine shrub and tree species were planted in two types of overburden,
and in 18 inches of topsoil over overburden on a coal exploration site
near Anchorage, Alaska. After two years, it was found that 98 percent
of all tree seedlings survived. Lodgepole pine (Pinus contorta) showed
extensive chlorosis symptoms. Balsam poplar (Populus balsamifera)
showed the most vigorous growth. After one growing season, 72 percent
of the hardwood cuttings survived. Greatest mortality was recorded for
species that were partially leafed out at the time cuttings were
taken [early blueberry (Vaccinium ovalifolium) and high bushcranberry
(Viburnum edule)]. Willow showed greater than 90 percent survival.
Seedling and cutting survival was very similar on all the substrates,
slope angles, and planting seasons tested. This lack of difference is
attributed to the overall favorable growing conditions which were cool
and continuously moist. Both of these methods for reestablishing woody
species appear suitable for this site.

INTRODUCTION

This paper describes the results of revegetation studies conducted
on the site of a proposed surface coal mine in southern Alaska. These
studies were initiated to validate the reclamation plan filed with the
mine permit application. The following sections outline the specific
objectives of these studies and an evaluation of woody cutting and tree
seedling survival and growth 1 and 2 years after planting. The
conclusions identify the major factors that appear responsible for the
observed survival levels. :

STUDY AREA

The revegetation study plots are' located on the Diamond Shamrock
Chuitna Mine project lease area within the Beluga Coal Field. The lease
area lies on the north side of Cook Inlet approximately 80 airline miles
west of Anchorage. The study site is located at an elevation of
1,300 feet (ft) on a gently sloping plateau that extends outward from
the flank of Mount Spurr, a recently active volcano. Upland areas
consist of a mantle of loess mixed with volcanic ash which overlies very
gravelly, poorly sorted glacial till and weakly consolidated sedimentary
beds. These sedimentary beds contain thin beds of sub-bituminous coal.

The climate at the site is transitional between maritime and
continental. Heavy snow fall occurs from November through March;
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rainfall maximums occur in September and October. Rainfall minimums
occur in May and June. Average annual precipitation is approximately
40 inches and the average annual air temperature is 36 degrees.

The vegetation communities consist of a white spruce-paper birch
woodland on upland sites, thin-leaf alder thickets on steep moist
slopes, and willows and marshlands along stream drainages. Moose, and
black and brown bear are important large mammals that occupy these
habitats. Several salmon species spawn in the small streams that drain
the lease area.

STUDY OBJECTIVES

Alaska mining regulations (Alaska Division of Mining) and fish and
wildlife management agencies (Alaska Department of Fish and Game)
suggest that long term revegetation goals should be to reestablish
wildlife habitat at Tleast as useful and productive as the premining
environment. To obtain site-specific information on methods and ptant
materials suitable for achieving this goal, a revegetation field study
was designed to answer the following research questions.

® Can woody wildlife browse species be established on mine
- disturbances using on-site hardwood cuttings as a source?

. Can containerized tree seedlings be established on mine
disturbances?
. What 1is the relative survival and growth of cuttings and

seedlings on topsoil replaced over overburden as compared to
overburden alone?

) What is the relative survival and growth of hardwood cuttings
on sites with relatively high soil moisture (drainageways) as
compared to elevated, drier sites?

. What is the relative survival and growth of tree seedlings
planted during different seasons (spring and fall), on
different overburden substrates, and on different slope
angles?

STUDY DESIGN

Mining at the proposed Diamond Chuitna mine will be conducted in
two primary coal seams. The upper of these is designated the "Red" seam
while the lower 1is named the "Blue" seam. Diamond Shamrock's test
mining program has exposed both seams where they outcrop along the upper
slopes of a small valley.

Plot blocks to test tree seedling survival and growth were
constructed of excavated Blue overburden, excavated Red overburden, and
of excavated Red overburden covered with 18 inches of endemic topsoil.
Plot blocks constructed on excavated Blue and Red overburden consisted
of a 3H:1V sloping plot block and a level plot bleck. These plot blocks
were designated "Blue 3H:1V" "Blue Level", "Red 3H:1V", and "Red Level.
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One level plot block, designated "Topsoil Level", was constructed on the
excavated Red overburden covered with topsoil test site.

Two test plots were constructed for each of the overburden material
types and the Red overburden/topsoil combination to test tree and shrub
cutting survival and growth. Each set of test plots consisted of one
plot constructed adjacent to the level tree plot block (upland position)
and one plot constructed in a drainage way (lowland position). These
plots were named according to the seedbed material in which planting
took place and the landscape position (e.g., Blue Level Cutting-Dry,
Topsoil Level Cutting-Wet, etc.).

An explanation of study variables incorporated into this test plot
design is provided below.

Seedbed Material

Table 1 presents a summary of key physical and chemical
characteristics of the overburden and topsoil seedbed materials from
samples collected in 1985 following a summer fertilization. The primary
difference between Red and Blue seam overburden is the much higher sand
content of the Blue material. The Red overburden plots showed elevated
levels of manganese and cadmium. The topsoil showed elevated levels of
cadmium. The Red overburden plot showed much higher levels of total
nitrogen. This is the result of high levels of ammonia (NH,), possibly
a consequence of fertilization. Topsoil shows much higher organic
matter levels as would be expected. There is little difference in pH
levels among test plot materials. This is noticeably different from
"background" conditions where topsoil norma]]y exhibits much lower (3.5
to 4.0) pH levels.

Slope

A wide range of siopes would likely result from grading during
revegetation. Therefore, study plots were constructed on level and
3H:1V slopes for each of the two overburden types. It was not possible
to construct level plots during the fall 1983 planting season because of
adverse site conditions. No 3H:1V topsoil/overburden plots were
constructed because of insufficient space. Tree seedlings were planted
on both 3H:1V and level plot blocks to test the effects of slope. No
cuttings were planted due to space limitations.

Season

A major study objective was to determine whether a fall planting
season for tree seedlings is feasible in this part of Alaska. Though
both a spring and fall planting season are recognized, it is generally
thought that spring planting will result in the highest survival rates.
Tree seedlings were planted on the excavated Red and Blue overburden
plot blocks in September 1983 and June 1984 to test the affect of
planting season.

Seedbed Moisture Content

The range in seedbed moisture adaptation is not well documented for
the nine species of hardwood cuttings considered for revegetation
testing. Therefore, two plots representing upland (dry) and lowland




TABLE 1

PHYSICAL AND CHEMICAL CHARACTERISTICS OF OVERBURDEN AND TOPSOIL USED

TO CONSTRUCT DIAMOND CHUITNA REVEGETATION STUDY PLOTS

(FALL 1985 - FOLLOWING A SUMMER FERTILIZATION)

Sample Total P K % % % Orﬁanic
Substrate Depth (in) pH N (ppm) (ppm) (ppm) Sand Silt Clay Matter Suspect Levels of Metal ions
Red Overburden 0-6 5.58 43.1 24.1 118 45.2 30.2 24.6 4.71 Mn (45.88 mg/g); Cd (1.4 ppm)
Red Overburden 6-18 5.62 10.0 10.5 79 46.2 29.8 24.0 5.24 Mn (49.88 mg/g); cd (1.38 ppm)
Blue Overburden 0-6 5.84 9.3 24.3 54 79.2 12.8 8.0 2.59 None
Blue Overburden 6-18 5.94 5.9 18.9 42 77.2 14.8 8.0 1.73 None
Topsoil 0-6 5.43 14.0 6.1 71 47.2 37.8 15.0 8.63 Cd (1.58 ppm)
Topsoil 6-18 5.62 2.1 2.9 69 40.4 41.6 18.0 9.62

Cd (1.07 ppm)

8v¢
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(wet) seedbed moisture conditions were established for the Red and Blue
excavated overburden materials as well as the Red overburden/topsoil
combinatijon. Cuttings only were planted in these plots. The 'dry"
plots were subject to moisture accumulation from rainfall only. The
"wet" plots received moisture from rainfall and runoff from surrounding
areas resulting in very moist to saturated seedbed conditions throughout
the growing season.

Species

Four species of containerized tree seedlings were provided by the
Alaska Forest Service for the purposes of this study. Hardwood cuttings
of 9 species were collected in the vicinity of the test plots during the
late spring of 1985. Table 2 1lists the species of seedlings and
cuttings used for testing in this study. A1l species occur within the
study area or were recommended for testing due to growth requirements
and characteristics.

TABLE 2

SEEDLING AND CUTTING SPECIES PLANTED

Tree Seedlings

. white spruce (Picea glauca)

° lodgepole pine (Pinus contorta)

. paper birch (Betula papyrifera)

) balsam popiar (Populus balsamifera)

Tree and Shrub Cuttings

feltleaf willow (Salix alaxensis)

grayleaf willow (Salix glauca)

diamondleaf willow (Salix planifolia)

tall blueberry willow (Salix novae - angliae)
low blueberry willow (Salix myrtilifolia)
Barclay willow (Salix barclayi)

balsam poplar (Populus balsamifera)

early blueberry (Vaccinium ovalifolium)

high bushcranberry (Viburnum edule)

MATERIALS AND METHODS

Tree Planting

Ten tree seedlings of four tree species (Tabie 2) each were planted
during the fall of 1983 and spring of 1984 on the Blue 3H:1V and Red
3H:1V plot blocks. Ten tree seedlings of the four tree species each
were planted on the Blue Level, Red Level, and Topsoil Level plot blocks
during the spring of 1984. A1l seedlings were 1/0 stock. Each tree
seedling was planted by hand in prepared holes within the plots. The
hole for each seedling was dug large enough to accommodate the root mass



250

without bending. After placing the seedling in the hole, the hole was
backfilled and the backfill tamped to provide support for the seedling.
The planting was then watered to eliminate air spaces in the backfill.
(Watering was eliminated when the backfill material was at or near
saturation). A small depression was formed around the base of each
seedling to aid in moisture concentration and the depression was mulched
with wood chips. Fertilization and seedbed preparation for tree
planting sites occurred during fertilization and seedbed preparation of
adjacent herbaceous plots. Fertilizer was applied in amounts concurrent
with recommendations resultant from seedbed material sample analysis and
worked into the soil by raking. A supplemental application of
fertilizer was appliied in the summer of 1985. Seedbed preparation
consisted of cultivation with shovels followed by raking. The area to
which seedlings were planted was broadcast seeded to a native grass and
forb seed mixture. Seeding of the tree planting sites was completed for
the purposes of surface stabilization and to provide competition to tree
seedlings similar to that potentially occurring under reclamation
conditions.

Tree Seedling Survival and Growth Monitoring

For both spring and fall plantings, mortality determinations were
made. Notes were also taken regarding chlorosis, apparent stress, fungi
or insect damage, or mechanical injury. Annual new growth was measured
in cm for each species as follows.

Pinus contorta - The longest basal side-shoot was measured
and the number of side shoots recorded.

Picea glauca - New growth was measured at the apex of the
stem. (New growth was separated from old
growth on the basis of stem color and
texture.)

Betula papyrifera - The longest new-growth branch was measured
and the Tlength recorded. (New growth
originates from the previous year's ringed
node).

Populus balsamifera The longest new-growth branch was measured
and the 1length recorded. (New growth was

identified by deep red stem coloration).

Tree and Shrub Cutting Planting

Cuttings were planted on the level Red and Blue overburden plots,
and the Red overburden topscil plot. Cuttings were planted in two
microtopographic sites within each plot block as previously noted.

Piot preparation was completed for all cutting plots in the
following manner. The plot site was located and plot boundaries staked.
The seedbed was prepared for cutting planting. The Red Level
Cutting-Dry and Topsoil Level Cutting-Dry plot seedbeds were prepared
with shovels. The Cutting-Wet plots for these seedbed material types
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were prepared with cultivators due to excessive seedbed wetness. The
Blue pit plots were prepared with a pick due to compaction. The plots
were then fertilized. With the exception of the Red Level Cutting-Wet
plot, which would not have benefited from raking due to seedbed material
saturation, all cutting plots were raked to incorporate the fertilizer
into the seecbed. Cuttings were then planted.

Cuttings were taken from species stands in the immediate vicinity
of the test pits. One- and two-year old wood was used for all cuttings
with the exception of Salix alaxensis horizontal plantings. A1l
proximal cuts were made immediately below a node. Side branches and
approximately 75 percent of the leaf mass were trimmed from the cutting.
The portion of the cutting to be planted below the soil surface was
dusted with "Rootone" (IBA). The cutting was planted vertically to a
depth three quarters of the cutting length. Efforts were made to
collect cuttings from as many different parent plants as possible. Ten
individuals of each species were planted in each plot.

Wood used for Salix alaxensis "horizontal" plantings was primarily
one- and two-year old wood though somewhat older materials were
occasionally included if such wood was healthy and viable. To complete
these plantings, a shallow 10-foot long trench was excavated in the
plot. Cuttings dusted with "Rootone" were 1laid end-to-end along the
bottom of the trench and the trench was backfilled. The surface of the
backfill was then firmed by walking over the trench. Cuttings were
buried, on the average, within approximately one inch of the spoil/soil
surface.

Photos documenting the condition of each cutting plot were taken
following planting.

Tree and Shrub Cutting Survival and Growth Monitoring

The height of each surviving cutting was measured during the data
collection field trip conducted in August and September of 1985.
Measurement in cm was made in a line plumb from the greatest height of
the cutting to the soil surface. An estimate of cutting stress was made
by examining the condition of leaves and noting evidence of die-back.

Success of the Salix alaxensis horizontal plantings was determined
by counting the number of individual shoots breaking the seedbed surface
along each 10-foot buried planting.

RESULTS

1984 Tree Seedling Measurements

Tree seedlings planted during the fall 1983 and spring 1984
planting seasons showed a very high survival rate of 99 percent when
measured during the fall of 1984. O0Of the 280 seedlings planted, only
one seedling each of Populus balsamifera (mechanical damage), Picea
glauca and Pinus contorta were lost. ATl Betula papyrifera seedlings
survived. Both conifer seediing mortalities occurred in the Red 3H:1V
fall planting.
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TABLE 3

TREE SEEDLING SURVIVAL DATA (1985)

New Growth  Number Exhibiting Chlorosis (C)

Plot Designation/ Number Number 1985 Slight Chlorosis (SC),
Species Planted Surviving (cm) Stress (S), Slight Stress (SS) Remarks
Blue 3H:1V (Spring)
Populus balsamifera 10 9 6.1 1 Tost in minor slump
Betula papyrifera 10 10 4.7 1-S, 8-S5, 1-SC
Picea glauca 10 10 5.8 5-C, 2-5¢C
Pinus contorta 10 10 3.4 1-SS, 8-SC
Blue 3H:1V (Fall)
P. balsamifera 10 8 16.1 1 Jost in minor slump;
B. papyrifera 10 10 3.6 2-S, 1-SC 1 lost to mechanical
P. glauca 10 10 4.4 2-C, 4-SC damage (1984)
P. contorta 10 9 3.0 4-C, 3-SC
Blue Level #2 (Spring)
P. balsamifera 10 10 6.8 2-55
8. papyrifera 10 10 134.7 1-s, 3-SS
P. glauca 10 10 7.1 5-SC
P. contorta 10 10 5.3 6-5C
Red 3H:1V (Spring)
P. balsamifera 10 10 12.8
B. papyrifera 10 10 6.0 4-C, 4-SC
P. glauca 10 10 6.4
P. contorta 10 10 1.8 2-C, 7-5C
Red 3H:1V (Fall)
P. balsamifera 10 10 11.6 5-58S, 1-SC
8. papyrifera 10 10 5.8 3-S5, 1-SS, 2-SC
P. glauca 10 9 5.4 1-C, 1-sC 1 Tost to mechanical damage
P. contorta 10 9 4.4 4-C, 2-SC
Red Level #2 (Spring)
P. balsamifera i0 10 11.3
B. papyrifera 1 10 7.2
P. glauca 10 10 3.6
P. contorta 10 10 2.7 2=S, 7-C, 1-5C
Topsoil Level (Spring)
P. balsamifera 10 10 12.4
B. papyrifera 10 10 6.0 1-5, 5-SS, 1-SC
P. glauca 10 10 7.7 1-5C
P. contorta i0 10 2.7 5-C, 2-SC
TOTAL 280 274 NA 10(4%)-S, 25(9%)-SS, 34(12%)-C,
(98%) 52(19%)-5sC
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Chlorosis and stress affected a number of seedlings. Forty-nine
(18 percent) seedlings exhibited chlorosis. Of this number, P. glauca,
P. contorta, and B. papyrifera accounted for 18, 17 and 14 affected
seedlings, respectively. No seedlings of P. balsamifera exhibited this
condition. Additionally, nine (3 percent) P. contorta seedlings showed
slight chlorosis. Deciduous species showed greater signs of plant
stress than coniferous species where stress was noted. Overall, 25
seedlings exhibited apparent stress. P. balsamifera and P. glauca
accounted for 21 and 4 affected seediings, respectively.

1985 Tree Seedling Measurements

Tree seedlings planted in 1983 and 1984 showed a survival rate of
98 percent when measured in 1985 (Table 3). Discounting losses to
mechanical damage, only one Pinus contorta seedling failed to survive
through the second growing season. Fewer numbers of seedlings were
observed in 1985 to be fully stressed or chlorotic although greater
numbers of seedlings were slightly stressed or chlorotic than in 1984,

Populus balsamifera was least affected by stress or chlorosis and
had the highest average new growth of all seedlings planted. This
species appears to perform least well on the Red spoil seedbed material.

B. papyrifera had the second highest new growth average at 6.9 cm.
Though a majority of seediings appeared stressed or chlorotic, over
two-thirds of these affected seedlings were in the slightly stressed or
slightly chlorotic category. There was no correlation between affected
seedlings and any test treatment. Greatest growth occurred on the Blue
spoil seedbed material.

Of the two conifer species planted, Picea glauca appeared to be the
most vigorous. The majority of chlorotic seedlings occurred in Blue
spoil plantings. Average annual new growth was comparable to that of B.
papyrifera at 6.6 cm. This species appears to do best on the Red spoil
seedbed material and under a spring planting regime.

Pinus contorta appears to be the least vigorous of all species
planted. Approximately 79 percent of the planted seedlings were
affected by some level of stress or chlorosis when measured in 1985.
Vigor does not appear to be correlated with any particular test
treatment. This species had the Tlowest average annual new growth
(3.3 cm) of all species planted. Greatest growth was attained on the
Blue Level plot.

In terms of seedling response to seedbed materials, there was no
preference with regard to seediing survival rate. The Red spoil
material had the fewest number of seedlings affected by any level of
stress or chlorosis. In 1984, Red spoil had the highest number of
stressed and chlorotic seedlings. Seedlings on Blue spoil material had
the highest average new growth, followed by topsoil and Red spoil
materials which did not differ appreciably. A slight preference for the
Red spoil material by seedlings 1is indicated but the extent to which
this preference affects seedling growth and vigor is minimal.
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With respect to planting seasons, the 1985 data show few growth
differences between spring or fall planting seasons. Two P. contorta
seedlings under a fall planting regime failed to survive through the
second growing season. A1l  spring-planted seedlings survived.
Considering stress and chlorosis, fall-planted seedlings were somewhat
more vigorous than spring-planted seedlings, although greater numbers of
fully stressed or chlorotic seedlings occurred on fall plots.
Differences between planting seasons, in terms of average new growth,
were minimal. Average new growth means calculated over all species
ranged from 5.0 cm to 6.8 cm.

Slope did appear to affect seediing vigor following the second
growing season. Greater numbers of seedlings were affected by some
level of stress or chlorosis on 3H:1V slopes than on level plots. These
data generally agree with results of the 1984 data analysis. New growth
means computed over all species in 1985 indicated a preference for level
slopes. The response to slope differences was most noticeable on Blue
spoil comparisons whereas slope differences affected new growth to a
minor degree on Red Spoil.

1985 Shrub and Tree Cutting Measurements

0f 540 cuttings planted, 391 (72 percent) survived the first
growing season indicating that this revegetation technique has good
potential for use at the proposed mine site (Table 4). Thirty percent
of the surviving cuttings suffered from some level of stress.

With respect to seedbed material comparisons, some preference was
shown for spoil materials though differences in survival rates were
modest. The topsoil seedbed material had noticeably higher numbers of
stressed cuttings.

Comparatively higher success rates were found to be associated with
more abundant moisture conditions. Differences in numbers of stressed
or slightly stressed cuttings between moisture conditions were
negligible. These results indicate that the potential of this
revegetation technique can be maximized on disturbed lands with
provisions for moisture enhancement or accumulation.

Individual species showed a wide range of adaptability to this
revegetation technique. Those species showing the lowest survival rates
and generally the lowest plant vigor include Vaccinium ovalifolium,
Viburnum edule, and Populus balsamifera. The poor showing of these
species may be the result of collecting cuttings too late in the spring.
Each of these species was relatively advanced phenologically and some
cuttings were in flower. Normally, cuttings taken this late in the
season are not well suited to planting. It 1is assumed that late
collection was the cause, at least in part, of the low survival rates
and seedling vigor of these species. The majority of the survivors of
these three species were found on wet plots indicating that the survival
rate of late-collected cuttings might be enhanced by planting in areas
with abundant moisture.
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TABLt 4

DIAMOND CHUITNA REVEG

ETATION PLOTS

Number Exhibiting

Number Number Stress (S)
Plot Designation/Species Planted Surviving Slight Stress (SS) Remarks
Blue Level Cutting-Dry
Salix alaxensis 10 8
Populus balsamifera 10 5 1-5§,1-S
Salix planifolia 10 7 1-SS
Salix glauca 10 10
Salix barciayi 10 10 1-8S5, 1-S
Salix novae-angliae 10 10 2-55
Vaccinium ovalifolium 10 3 3-S 1 lost to mechanical damage
Salix myrtilifolia 10 9 1-S§
Viburnum edule 10 2 2-S
Blue Level Cutting - Wet
S. alaxensis 10 10
P. balsamifera 10 4 1-SS, 3-S
S. planifolia 10 9
S. glauca 10 10 2-5S
S. barclayi 10 10 3-5S, 2-S
S. novae-angliae 10 10 2-5
V. ovalifolium 10 3 1-5S, 2-§
5. myrtilifolia 10 9
V. edule 10 6 4-5
Red Level Cutting - Dry
5. alaxensis 10 0
P. balsamifera 10 7 2-55, 4-S
S. planifolia 10 9 2-5S, 3-§
S. glauca 10 8
S. barclayi 10 10
S. novae-angliae 10 9 4-55, 1-S
V. ovalifalium 10 0
S. myrtiTifolia 10 9
V. edule i0 ) 6-S
Red Level Cutting - Wet
5. alaxensis 10 7
P. balsamifera 10 8 1-5 1 lost to mechanical damage
S. planifoiia 10 10
S. glauca 10 10
5. barclayi 10 10 4-5S, 1-S
S. novae-angliae 10 9 3-S5, 1-S
V. ovalifolium 10 4 3-5 2 lost to mechanical damage
S. mzrt1l1fclra 10 10 1-S
V. edule 10 5 2-S
Topsoil Level Cutting - Dry
S. alaxensis 10 5 i-$
P. balsamifera 10 2
S. planifolia 10 10 5-S
S. glauca 10 iC
S. barclayi 10 7 1-58S5, 1-§
S. novae-angliae 10 3 3-5
V. ovalifolium 10 0
S. myrtilifolia 10 8 5-5
V. edule 10 1
Topsoil Level Cutting - Wet
S. alaxensis 10 9 1-5
P. baTlsamifera 10 6 1-SS, 3-§
3. planifolia 10 10 5-8S, 1-S
S. glauca 10 10 1-8§, 1-§
S. barclayi 10 10 3-5
S. novae-angliae 10 10 5-SS
v. ovalifolium 10 7 7-S
S.m rtilifolia 10 10 1-8s, 1-S
V. edule 10 2
TOTAL 540 391 (72%) 43 (11%)-SS, 75 (19%)-S
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Salix alaxensis, also adversely affected by a late cutting season,
showed a modest (65 percent) survival rate. Surviving cuttings were
very vigorous. This species did best on wet plots and on the Blue spoil
and topsoil seedbed materials.

The remaining five cutting species showed high survival rates
ranging from 92 to 97 percent. Though some seedbed material or moisture
regime preferences are indicated for maximum results, these species show
a wide adaptability to potential environmental conditions. None of
these highly successful species were phenologically advanced at the time
cuttings were collected further supporting the premise of the need for
proper cutting collection timing.

Salix planifolia (92 percent survival) appears to be slightly
better adapted to wet cutting plots. §S. barclayi, (95 percent survival)
conversely, exhibited a minor preference for drier test plots. Survival
rate and, to a great degree, vigor of S. myrtilifolia (92 percent
survival), S. novae-angliae (93 percent survival) and S. glauca
(97 percent survival) did not appear to be influenced by either seedbed
material or moisture regime.

The results of the horizontal plantings of S. alaxensis were
disappointing (Table 5). It was believed this species would respond
well to this type of planting. The greatest success was recorded on
Blue spoil where shoots were produced on both wet and dry plots. The
topsoil-wet plot was the only other plot to produce any shoots. The
reasons for these results are unclear though planting methodology and
cutting stock age may have contributed to the less-than-expected number
of shoots. It 1is believed that this technique has potential for
revegetation at the proposed mine site and should be further tested
under actual revegetation conditions.

TABLE 5

SHOOTS DEVELOPED FROM 10 FT HORIZONTAL SALIX ALAXENSIS
PLANTINGS ON DIAMOND CHUITNA REVEGETATION PLOTS

Plot Designation Number of Shoots
Blue Level Cutting - Dry 22
Blue Level Cutting - Wet 12
Red Level Cutting - Dry 0
Red Level Cutting - Wet 0
Topsoil Level Cutting - Dry 0

Topsoil Level Cutting - Wet 10
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DISCUSSION

The preliminary results (2 years) of this study indicate that the
performance of the species tested is generally consistent with that
obtained by other Alaskan researchers. Willows root very readily under
a variety of conditions, making them useful as a source of rooted
cuttings that can be grown in the nursery and then outplanted, or as
hardwood, unrooted cuttings that can be planted on surface mine
disturbances (Holloway and Zasada 1979; Miller et al. 1983; Zasada,
Holloway, and Densmore 1978; Densmore and Zasada 1978). Tests with
balsam poplar indicate that this species can be successfully propagated
with both hardwood and softwood cuttings (Holloway and Zasada 1978,
Miller et al. 1978). Other researchers have had moderate to excellent
success in rooting highbush cranberry and limited success with rooting
hardwood and softwood cuttings of blueberry (Vaccinium uliginosum)
(Holloway and Zasada 1979).

Based on these results, a very high rate of survival can be
expected from seedlings and rooted cuttings that are containerized prior
to transplanting. On-site hardwood cuttings also show promise. The
relatively continuous cool, cloudy conditions near Cook Inlet greatly
reduces the evapotranspiration rates and consequently reduces the
moisture stress on hardwood cuttings. Continuously wet soil moisture
conditons appear to enhance survival, but are not essential for adequate
survival under these site conditions.

A1l tree species tested with the exception of lodgepole pine appear
well adapted to the Diamond Chuitna Tlease area conditions. The high
level of chlorosis observed in lodgepole suggest that nutrient stress
may limit the vigor of this species. Rapid leaching of nutrients from
the well-drained substrates used in this study, as well as the absence
of a mycorhizal associate for the pine may be factors that affect
lodgepole pine growth.

CONCLUSIONS

) Very high rates (98 percent, 1 to 2 years) of tree seedling
survival were observed during this study. This survival is
attributed to the cool, moist site conditions prevalent
throughout the growing season. Lodgepole pine appears least
adapted to site conditions.

® Relatively high rates (72 percent) of hardwood cutting
survival were also observed. Mortality was observed primarily
in species that were leafing out at the time cuttings were
taken (highbush cranberry, early blueberry, balsam poplar).
On-site willow species showed greater than 90 percent
survival, with the exception of feltleaf willow, which was
leafed out at the time cuttings were:taken.

° Cuttings must be taken prior to species leafing-out or
breaking buds to attain the highest survival rates.
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° There was very little differential survival or growth response
to the different seedbed material, slope, and season of
planting treatments applied. The favorable growing conditions
and high levels of soil moisture throughout the growing season
appear to limit the relative effects of the variables tested.

) Higher seedbed moisture conditions enhance the survival of
tree and shrub cuttings.

e Seedling and cutting planting utilizing the species tested
shows promise for revegetating the proposed mine site or other
disturbed areas with similar site characteristics.
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CONSTRUCTING SKI TERRAIN IN COLORADO IN THE 1980'S

JIM GREGG
U.S. Forest Service
Dillon, Colorado

Ski terrain development has evolved from minor tree clearing to major
alteration of mountains. With this change refinements in construction methods
and rehabilitation approaches have occured. This paper will briefly highlight
some of the concepts being used on ski trails in Colorado in the 1980's.

Factors which make ski terrain construction different in the 80's are:

- Financing is hard to come by. Decisions on "go" or ™no go" are often on
short notice from large parent companies. Turn around time for the
investment must be as soon as possible leading to the "fast track"
approach.

- Much of the ideal natural ski terrain has already been developed in our
state. "Ideal" means close to population centers and base areas, natural
snowfall, northerly aspect,and terrain which appeals to the majority of
skiers. New technology however, has shed a different light on just what
might be skiable., High speed, high capacity lifts can move skiers to more
isolated terrain. Snowmaking can make southfacing slopes skiable. New
developments in construction equipment has allowed areas to be worked which
previously were avoided.

- Exposure to liability problems due to alteration of the natural
environment must be considered in all construction.

~ In order to remain competetive in the marketplace, ski areas like to
offer something newer, bigger, or better each year. Cost per acre is not
always looked at as much as the effect of the total project.

-~ Successful high altitude revegetation techniques'have made it possible to
work more terrain.

These factors produce additional challenges in the land management
rehabilitation fields. The areas briefly addressed herein can guide planning
and construction processes so a minimum impact on the land will occur and
reasonable dollar amounts can be spent to produce the desired product.-

WATER MANAGEMENT

Water Management on ski slopes is far more critical in the 1980's than in the
past. Degragation of the water quality due to ski terrain construction is
unacceptable. This is supported by numerous regulations at the Federal, state,
and many times, local level. In addition, the skiing customer demands a
perfect snow surface, free of icy spots. In the past, the ideal solution was
to avoid all wet areas in laying out ski terrain. Today, crossing through, or
into wet areas may be necessary to open up more skiable terrain.
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Hydrological Assessment

Prior to opening up expansion areas or doing major work on an existing ski
mountain a hydrological assessment can give the area planner the total picture
of what water problems might be encountered. The assessment gives a prcatical
on-the-ground orientation to:

Reducing peak flows and channel damage.
Reducing mass wasting.

Minimimzing surface erosion.

Maintaining existing environmental flows.

The following outlines a possible formula for a ski area Hydrological
Assessment.

A. Delineate subdrainages greater than 400 acres.
1. Compute areas and percent vegetated with timber overstory.

B. Map all surface water channels (any channel clear of vegetation for 40
out of 50 feet) including culvert runouts, trail rills, etc.

1. Denote natural channels vs. new channels, waterbars, ditches.
2. Channel confluences; show cross-section, gradient, integrity
index, stable vs. unstable.
3. Locate and map all culverts.
a. JSize, type, functional rating

C. Complete overview analysis of areas using on-ground review (sample)
and aerial photo interpretation.

D. Denote subsurface systems.

1. Potable water systems.

2. Snowmaking systems.

3. Sewage and wastewater systems.

4., French drains, other subsurface drains.

Information may be available from existing documents. Information must
include current use (gpm, cfs, acre/ft, etc), potential capacities
(developable), and design capacities of existing and proposed systems.

E. Wetland Inventory

1. Map all areas to meet Executive Order 11990, and Army Corp of
engineer criteria for 404 permit determination. Include mapping
of all spring type water sources.

F. Data Inventory

1. List all data sources which could support hydrological analysis of
proposed developments. General data sources include: snowfall
records, meterological records and snowmaking records, specific
cunulative impacts, fisheries, etec.
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2. Develop summary statistics, extreme values, annual mean, duration
of record.

A}

G. Map and list all existing water rights, ownership, use agreement,
diversions, augmentation plans which have been approved or
currently proposed. Include maintenance routine done throughout the

year on existing development.

H. Locate and map all recent, unvegetated slide areas greater than 5 cubic
yards. : '

Based on the information provided by the assessment, opportunities and impacts
relating to water management can be evaluated in light of the development
objectives. This information when considered with geology and soils
limitations can give insight on anticipated impacts, risks and costs. The
hydrologic assessment provides a basic guideline as to how to approach the next

phases of construction.

. tion Erosion Control

To take on any project in this day and age without a pre-construction erosion
control plan is taking on unnecessary risk and exposure. With the information
gained from the hydrological assessment, a strategy for erosion control prior
to construection can be developed. The Erosion Control Plan should be a site
specific/station by station accounting of erosion control measures. A blanket
statement that erosion control will be carried out is no plan at all. Specific
teams or individuals need to be assigned ‘to the erosion control program.

These individuals or teams also need to be able to react when a sudden storm or
mishap occurs. The following is a Pre-Construction Erosion Control Checklist
which can be used in various projects typically encountered in ski area

construction.
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A. SEDIMENT BASINS

8. SAND BAGS

€. HAY CHECK DAMS

D. TEMPORARY CONCRETE BARRIERS

E. FILTER BARRIERS

F. TEMPORARY DIVERSION DIKES/DITCHES

G. BERMS

H. SLOPE DRAINS

I, VEGETATIVE BUFFERS

J. PLASTIC RUNDOWNS
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K. RIP-RAP

p—m - e

L. CHEMICAL TREATHMENT l |

CONTROL MEASURES PRIDR TO OR CONCURRENT

M. TRASH PUMPS AND HOSES i ’
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\ctive Drai | Ski Terrai

Ski terrain that would avoid any major drainages or the small year-round stream
would be ideal. The intensity of ski developments today ,however, often
involve dealing with active streams, whether it be upgrading old existing runs
to handle more skiers or expanding intoc new country.

The culvert option poses the greatest risk and initially is the most
expensive. Some of the unique problems relating to culverts on ski terrain are
as follows:

Sizing - Culverts should carry the 20 year flood with no headwater and the
50 year flood with maximum allowable headwater. For design discharge,
formulas which consider only one factor should not be used without
verification by one or more other methods. Suggested methods are: Soil
Conservation Service method, local flood frequency curves, or U.S. Forest
Service records. Realize that the cutting of new ski terrain, slope
grooming changes, and snowmaking can effect flow figures. Multible runs of
culverts should be sized large enough to allow cleanout (30 inches or more
diameter). Culvert sizing should be such as to allow for freezing, .
especially where gradiants are under 5%. The following sources give basic
guidelines for discharge design and sizing.

Hydraulic Charts for the Selection of Highway Culverts, Hydraulic
Engineering Circular No. 5, December 1965, Hydraulics Branch, Bridge
Division, Office of Engineering, Federal Highway Commission,
Washington, DC  20590. This document contains charts and information
for properly sizing culverts, based on the design discharge (from
hydrologic analyses), culvert slope, allowable. headwater, culvert
length, etc. The sizing information pertains to any type of culvert
installation, not just roads/highways. It is a national standard used
or referenced by most state and federal agencies.

A Guide to Hydrologic Analysis Using SCS Methods, Richard H. McCuen,
Prentice-Hall, 1982. Simplified versions of Soil Conservation Service
hydrologic analyses methods, particularly methods TR-55 and TR-20.
Gives basic complex methods in Soil Conservation Service National
Engineering Handbook 4.

Installation - All installation should be under the direction of a design
engineer or other suitably qualified persons. The American Association of
State Highway and Transportation Officials (AASHTO) sets structural,
materal, and construction standards. Variations for ski terrain clilverts
which have long runs and no vehicular cross-over should be evaluated by a
qualified engineer or designer.

Intake Design - Due to the fact intake failure cannot be monitored as close
as on traveled roadways, secure intake design is a must. Trash collectors
may be important, especially if recent disturbance has taken place above.

Trash collectors should be located upstream from the actual culvert intake.

Backup or overflow systems may be appropriate where failure risks with culverts
exist.
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Half culverting or ski arch can involve minor rerouting but is usually simple
to install. Early season use with half culvert is usually less in that more
snow 1s needed to cover the culvert. Subsurface or "French" drains with filter
fabric are also an available technique to handle sub-surface water problems.
Effective subsurface drainage should have gradiants of 10% or more.

VEGETATIVE MANAGEMENT

When skiing began in Colorado, trees on a ski mountain were more or less
obsticles that needed to be removed to produce the ski trail. Then it was
realized that trees actually added an aestethic dimension to the skiing
experience. The cutting patterns could also be varied in such a way to allow
the ski runs on a mountainside to have a softer impact as viewed from nearby
valleys. Finally, in the 1980's it has also been realized that trees, along
with all other types of vegetation, hold a key to the long term viability of a
ski mountain. Vegetation Management on ski areas can provide information on
initial ski terrain layout and design plus, through management of the remaining
stands, influence snow retention, tree wind firmness, insect and disease
resistence, and fuels management.

Initial T " ¢

Along with the other basic resource inventories, information on the trees and
other vegetation is important in locating new terrain. The type of tree stand
should influence the style of cutting and the resulting ski experience. The
objective in designing of ski terrain is to create a quality skiing experience
in a natural appearing forest mosaic. Design, considering the tree stands, can
often influence skier traffic flow and aid in skier ability level segregation.

Managing Vegetation After Ski Terrain Constructi

Maintaining existing or remaining stands on a ski mountain involves special
silvicultural treatments, especially adopted to the ski setting. Some examples
involving unique vegetative treatments on ski terrain are as follws:

- Regeneration cuts that maintain stand fragment integrity, i.e. small
patchcuts and non-uniform shelterwood.

- Use of snags to protect pockets of regeneration from skier traffic.

- Maintaining stocking levels to discourage ski traffic into avalanche or
¢cliff areas.

- Using windfirm trees as windbreaks and visual screens for lifts,, trails,
and facilities.

~ Trees can be used to influence rate and timing of runoff.

- Visibility for skiers on stormy days can be improved by special tree
management considerations.

- Avalanche areas can be influenced by vegetation management to anchor the
snowpack.

Other factors involving vegation management on ski terrain that are not
normally encountered in regular forest setting are access, cost effiecency and
marketability, and terrain restrictions. Refinements in management approaches
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to improve vegetation management on ski terrain should be oriented to timely
on-the-ground accomplishment. Although full detail information regarding
habitat typing, stand entry dates, and regeneration stocking is ideal, much can
be accomplished through the application of basic sound silvicultural principles
dictated by the management of the skiing experience.

CONSTRUCTING SKI TERRAIN

Demand for skiing is intense. Ski areas want to open early on little snow or
manmade snoWw. This requires a smooth ballroom surface.

Throughout the season, increased skier numbers cause ski wear in areas
necessatating further summer season terrain modifications. Ski terrain with
sharp breakovers or steeper pitches is not the answer on a main ski artery
which serves skiers of all ability levels.

Ski terrain construction, beyond that of flush cutting trees, can be described
in three general categories.

stump Removal

Having stumps removed from ski terrain improves groomability and early season
skiing. Popping stumps ideally with a tilt type blade minimizes the amount of
earth disturbed. Most of the disturbance comes from gathering up the popped
stumps, moving them to a disposal area, and the actual disturbance at the
disposal area. Disposal areas are either dug pits or benches, and depressions
in which the stumps can be buried. Slope gradiant is the primary influence on
amount of disturbance caused by stump removal. One must be sensitive to the
tree type and density in evaluating methods of stump disposal and its impact.

Terrain with large stumps can mean additional disturbance to fill in the stump
holes. With smaller stumps, or gentle terrain, often the holes can be smoothed
over by track packing, Stump removal that produces some disturbance but
basically leaves the original soil profile undisturbed can provide an excellant
seed bed for revegetation. Soil erosion is also minimized when the basic soil
capillary action is left undisturbed. On steeper gradients waterbars are
usually needed.

More often than not, stump removal encroaches on "terrain enhancement", a
second type of ground disturbance in ski terrain construction.

Terrain Enhancement

Terrain enhancement involves minor contour changes to the terrain in order to
improve skiability. Spot fall line improvement could be termed

terrain enhancement. The softening of breakovers and filling of depressions
usually not more than 1-2 feet in isolated areas on ski terrain could be called
terrain enhancement. The basic pitch of the fall line over all the run would
not change.
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Terrain enhancement leaves the orginally soil profile undisturbed in over 50%
of the area. In disturbed areas, topsoil is saved and respread and the humus
and duff is evident on the final surface.

Erosion risk increases when this type of construction is undertaken. Water
barring is necessary.

Contour Grading

Of the three types of ski terrain construction, countour grading has the most
impact. The actual ski terrain is usually worked to the point that it is a
lesser degree of difficulty. Actual contours are changed and sidehills altered
to the extent cuts and fills could be major. Obviously, the original soil
profile is lost and water management and revegetation become major factors.
Amounts of cuts and fills may be engineered unless proven experience exists.
Toeing of fills is necessary on steeper gradients.

All ski area planners should be aware of these three basic types of terrain
construction possibilities. The real challenge is in deciding how much of
which is acceptable at any one time. All the variables that affect high
altitude revegetation should be considered along with the accompanying risks.
Time of year, aspect, growing season, soil type, water quality effect,
skiability are a few of the factors to consider. A critical path of work
should have higher risk projects completed early in the season to allow
revegetation establishment. Seeding within 5 days of the disturbance must be
standard operating procedure.

UTILITY INSTALLATION

Although not directly related to actual ski terrain construction, utilities can
have a major effect. Utilities include buried communication, power, Natural
gas, sewer and water. In addition, the impacts of snowmaking installations can
easily be included in the category of utilities, even though the impacts of
snowmaking are the most major. Utility installation programs can have major
impact on a mountainside due to their straight up and down nature.

Proper and well-programed installation procedures hold the key to minimizing
the adverse effect on the land. The best intentions of the best contractors
usually fall short in installing utilities in our mountain environment in an
ideal time frame.

Digging in rocky steep terrain which pushes equipment to the limit, challenges
any contractor. Add to this, weather, access, trained manpower and one
realizes that its more than a typical job. Contractor estimates of time
periods to do various portions of the work are important.
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Utility Routing

Many of the problems with mountainside utility installation can be avoided if
careful routing considerations are made to avoid problem areas. When problem
areas cannot be avoided, special drainage considerations will be necessary.
nShort inventory" construction should be used to minimize open trench, and the
amount of construction material/vehicles in these areas. Avoidence, or special
consideration, is needed when existing mountain drainage systems are crossed
over or under.

Timing of Installations

New ski terrain with new utilities should be approached as two seperate
projects. Often the ski terrain unaffected by the utility installation can be
revegetated and green by the time a major installation is complete. Any slope
modification must be done prior to utility installation. This minimizes areas
exposed without revegetation. Make sure drainage is away from any proposed
trenching, even if it means temporary waterbar installation.

Once actual trenching begins, exposure to the sudden mountain thunderstorm is
the greatest risk. All should be in order (i.e., pipes, cables, welders, cats)
to minimize the time a trench is open. Blow out zones for any water
accumulated should be planned. Sandbags or dikes in ditches should be used to
check velocities and hold water. Actually exposure should be limited to a few
days per section with laterals being done later, once the trench is filled.
Open trenching should never be allowed over weekends or non-work days.

Access for Installation

Preplanning of a construction access system is imperative for the

installation. Using flattened spoils as a work platform is ideal in that
compaction is minimized on the original ground level. With snowmaking, station
welding at the top or bottom of the mountain and pulling the pipes in long
lengths is more ideal than on-site field welding in that spoils pile access can
best be used.

Long Term Stabilization

The upper soil profiles can be graded to the opposite side of the trench from
the spoils. This greatly aids future revegetation efforts and should be done
no matter how marginal the soil type appears.

Concrete thrust blocks should be used at critical points along pipelines
(snowmaking) based on specific soils, geological and topographical conditions.
Locating these thrust blocks just above surface waterbars or appropriately near
subsurface drainage will act as a daming effect, minimizing water running along
pipes.
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THE PRE~CONSTRUCTION CONFERENCE

The pre-construction conference involving the specific on-the-ground crews is
strongly recommended in order to accomplish wider favor among all people
involved with a project. The pre-construction conference can give an
identifiication with all involved as to the real problems involved with high
altitude revegetation. Clarification of design features, planned construction
techniques, temporary erosion control features and access routes and methods
and identifiication of environmentally sensitive areas should be discussed. A
field walk-through is ideal.

CONCLUSION

This report has highlighted some of the "ground oriented" factors which need
consideration in developing Colorado ski terrain in the 1980's. These factors
add to sound established revegetation techniques and standards, and will
provide excellent tools for a strong environmental operation and cost efficient
production.
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7TH HIGH ALTITUDE REVEGETATION WORKSHOP

Barticipant List

BEN ALBRECHTSEN
US FOREST SERVICE

324 25TH ST

OGDEN, UT 84401
CATHERINE ALEXANDER
COLORADO STATE UNIV

DEPT. RANGE SCIENCE

FORT COLLINS, CO 80521
CANIEL A. ANDERSON

BEAR CREEK URANIUM

P.0O. BOX 2654

CASPER, WY 82601
GREG ASSMUS

U.S. FOREST SERVICE

100 US HWY 34

GRANBY, CO 80446

CHUCK AUSTIN
REVEGETATION EXCHANGE
P.0. BOX 157

LOUISVILLE, CO 80027
DANA R. BARDSLEY

USDA FOREST SERVICE

605 SKYLINE DR

LARAMIE, WY 82070

TOM BARTLETT
CSu
DEPT OF RANGE SCIENCE

FORT COLLINS, CO 80523
ARTHUR R. BAUER

USDA FOREST SERVICE

605 SKYLINE DR

LARAMIE, WY 82070

LARRY BEAN

BUREAU OF RECLAMATICN
2597 B 3/4 RD

GRAND JUNCTION, CO 81502

JOHN BECKLEY

US FOREST SERVICE

100 US HWY 34

GRANBY, CO 80446

G. MICHAEL ALDER
NPI

417 WAKARA WAY
SALT LAKE CITY, UT 84108
ROBERT ANDERSON
AAREC, INC
29774 HWY 257
WINDSCR, CO 80550
PATTI ANDREAS
HOMESTAKE MINING CO
P.0, BOX 1109
GUNNISON, CO 81230
DAVID AUGUSIEWICZ
VAIL ASSOCIATION
P.0. BOX 7

VAIL, CO 81658
CRAIG AXTELL

NATL PARKS SERVICE
ROCKY MTN NATL PARK
ESTES PARK, CO 80517
D. MICHAEL BARKER

EXXON COMPANY USA

P.0. BOX 308

GRAND JUNCTION, CO 81502

- DOUGLAS BARTO

PITTSBURG & MIDWAY CO
P.0., BOX 176

OAK CREEK, CO 80467
RONALD BAUER

USDA FOREST SERVICE

P.0. BOX 25127

LAKEWOOD, CO 80225

WILLIAM BEAVERS
NATL PARK SERVICE
3670 SILVER PLUME LN

BOULDER, CO 80303
DAN BELL

SUMMIT COUNTY

P.0. BOX 68

BRECKENRIDGE, CO 80424



DIANA BENDER
UNOCAL

P.0. BOX 76
PARACHUTE, CO 81635
MELANIE BETHEL
COLORADO MTN COLLEGE
129 CHESTNUT APT #3
LEADVILLE, CO 80461
JOSEPH BLAIS
CF&I STEEL CORP
P.0O. BOX 316
PUEBLO, CO 81002
DAVID BOON

DEPT OF ENVIR QUAL
8402 3RD ST
WELLINGTON, CO 80549
BARBARA BOWERMAN

USDOI OFC OF SURFACE MIN
1020 15TH ST
DENVER, CO 80202
JEFF BRIGGS

MTN STATES FORESTRY
P.0. BOX 205
GARDNER, CO €1040
LARRY F. BROWN
BROWN & ASSOCIATES
P.0. BOX 698

IDAHO SPRINGS, CO 80452
ROGER BUCK

NATL PARK SERVICE -
P.0. BOX 25287
DENVER, CO 80225
ROBERT BUMP

BUREAU OF LAND MGMT
P.O. BOX 202
DILLON, MT 59725
PAUL BUTLER

US FOREST SERVICE
P.C. BOX 31
KEMMERER, WY 83101
BOB CARLSON

STATE PARKS & REC

1313 SHERMAN #618

DENVER, CO 80203
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WILLIAM BERG
USDA-ARS
2000 18TH
WOODWARD, OK 73801
CYNTHIA BLACK

NM=-MINING & MIN DIV

525 CAMINO DE LOS MARQUEZ
SANTE FE, NM 87501

DON BOGART

DIVISION OF WILDLIFE
317 W PROSPECT ST
FT. COLLINS, CO 80526
CINDY BOSCO

DEPT OF ENV QUAL
122 W 25TH
CHEYENNE, WY 82002
R.L. BRAMMER
UNOCAL

BOX 76
PARACHUTE, CO 81635
BRAD BROOKS

COPPER MOUNTAIN INC
JUNCTION HWY 91 & I-70
COPPER MOUNTAIN, CO 80443

BARBARA BRUNK
ROCKY MT CONSULTANTS
500 COFFMAN ST
LONGMONT, CO 80501
DAVID BUCKNER

CAMP, DRESSER, & MCKEE
2300 FIFTEENTH ST #400

DENVER, CO 80202
CATHERINE BUMP

USDA FOREST SERVICE

P.0. BOX 1258

DILLON, MT 59725

BETH CALLAWAY

CRESTED BUTTE MTN RES
P.C. BOX A
CRESTED BUTTE, CO 81225
JACK CARLSON

USDA SCIL CONSERVATION
511 NW BROADWAY RM 547
PORTLAND, OR 97209



RICK CASCN

RANDALL & BLAKE INC
4901 S WINDERMERE
LITTLETON, CO 80120
ELIZABETH CHENOWETH
WESTERN STATES RECLAM
7650 W 120TH AVE #3
BROOMFIELD, CO 80020
DARRIN CISAR
COLO MTN COLLEGE
P.0. BOX 11
LEADVILLE, CO 80461
THOMAS COLBERT
INTERMOUNTAIN SCILS
1873 S BELLAIRE ST
DENVER, CO 80222
AMY CONNERTON
COLCRADO MTN COLLEGE
P.0, BOX 78
LEADVILLE, CO 80461
TERRY S. CROWNER
PITTSBURG & MIDWAY CO
P.0., BOX 176
OAK CREEK, CO 80467
RICHARD DADDOW

USCA FOREST SERVICE
P.0O, BOX 2140

CODY, WY 82414
DALE A. DEMING
MAGMA COPPER CORP
P.0. BOX M

SAN MANUEL, AZ 85631
EDWARD DEPUIT

UNIV OF WY-RANGE MGMT
UNIV STATION-PC BOX 3354
LARAMIE, WY 82070

ROBERT DROBISH

WY RECREATION COMMISSION
122 w 25TH ST
CHEYENNE, WY 82002
ALAN DUMP

COLCRADO MTN COLLEGE

P.0. BOX 1849

LEADVILLE, CO 80461
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NOLA CHAVEZ

NATL PARK SERVICE
ROCKY MTN NATL PARK
ESTES PARK, CO 80517
DAVID CHENOWETH

WESTERN STATES RECLAM
7650 W 120TH AVE #3
BROOMFIELD, CO 80020
TOM CLARK
WEYERHAEUSER CO-
WSC-3

TACOMA, WA 98477
BOB CONNER

ORGANIC EARTH SCIENCE
P.0. BOX 262F
LONGMONT, CO 80501
MATHEW CROSS
RANGE DEPT - CSU
3898 S BANNOCK
ENGLEWOOD, CO 80110
L. DEAN CULWELL
WESTECH

P.0. BOX 6045
HELENA, MT 59604
CHARLES DEANGELIS
GRASS GROWERS INC
424 COTTAGE PL
PLAINFIELD, NJ 07060
CONNIE DENNEY
COLO MTN COLLEGE
P.0O. BOX 17
LEADVILLE, CO 80461
HOWARD DOYLE

COPPER MTN INC

JUNCTION HWY 91 & I-70
COPPER MOUNTAIN, CO 80443

JANET DROTAR
3701 W 68th AVE
APT #A201
WESTMINSTER, CO 80030
KATHLEEN DWIRE

UT STATE UNIV

312 172 CANYON RD #A

LOGAN, UT 84321



JILL EASLEY

COLO DEPT HWYS

4201 E ARKANSAS #309
DENVER, CO 80222
JULIE ETRA

US FOREST SERVICE
P.0. BOX 8465

S LAKE TAHOE, CA 95731
CLORINDA FALVEY
CMC-STUDENT

815 HAZEL ST #1-A
LEADVILLE, CO 80461
CAMILLE FARRELL

COLORADO MINED LAND REC
1313 SHERMAN ST #423

DENVER, CO 80203
GREG FENCHEL

UPPER CO ENVIR PLANT

P.O. BOX 448

MEEKER, CO 81641

DOUG FREADWAY
PINON MESA NATIVE SEED
P.0. BOX 34

GLADE PARK, CO 81523

ROGER FUNSTON

605 WILDERNESS DR
GILLETTE, WY 82716
KENNETH GENZ

US FOREST SERVICE
1500 FRANKLIN WAY
SPARKS, NV 89431
LEE PAT GOCHNOUR

ST JOE AMERICAN CORP
N 111 VISTA #3F
SPOKANE, WA 99212
JOHN GRAVES

NATIVE SEEDERS

6324 LARIMER CTY LINE RD
WINDSOR, CO 80550

JIM GREGG
US FOREST SERVICE~DILLON
P.0O. BOX 498

SILVERTHORNE, CO 80498
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BOB EASTER

A.R. EASTER INC

900 S QUINCE BLDG B819
DENVER, CO 80231

MARGARET EWING
COLORADO USFS
240 W PROSPECT
FORT COLLINS, CO 80526
DAVID FARMER

CSFS

P.0. BOX Y
WOODLAND PARK, CO 80863
C. KIRK FAUGHT
UNIV OF Wy

265 N CEDAR
LARAMIE, WY 82070
SUSAN FLEAK

COLORADO MTN COLLEGE
P.0. BOX 20 CMC
LEADVILLE, CO 80461
MICHAEL FUNKE

NATL PARK SERVICES

755 PARFET-PO BOX 25287
DENVER, CO 80225

LISA GEESEY

DEPT OF ENV QUAL-LAND
122 W 25TH
CHEYENNE, WY 82002
ERNEST GILLINGHAM

BUREAU .CF LAND MGMT

219 E DOUGLAS-PO BOX 311
CANON CITY, CO 81212

TERRY GOODRICH
NATL PARK SERVICE
P.0. BOX 25287
DENVER, CO 80225
TODD GREEN

COPPER MTN RESORT

P.0. BOX 3001

COPPER MOUNTAIN CO 80443

KARL GRUBBE
405 N WHITCOMB

FORT COLLINS, CO 80521



MICHAEL GUILLAUME
P.0. BOX 1085
PINEDALE, WY 82941
LEW HAMMER

REVEGETATION EXCHANGE
P.0. BOX 157
LOUISVILLE, CO 80027
JERRY B. HARMAN
BUREAU OF LAND MGMT
2020 ARAPAHOE ST
DENVER, CO 80205
MICHAEL HAUSMAN
PPS PACKAGING CO
P.0. BOX 56
FOWLER, CA 83625
ED HAYWOOD

PLANTS OF THE SOUTHWEST
116 ELENA #3
SANTA FE, NM 87501
MICHAEL HIEL

MT DEPT OF STATE LAND
CAPITOL STATION
HELENA, MT 59601
J. DAVID HOLM

CO-DEPT OF NAT RES

1313 SHERMAN-423 CENT BLD
DENVER, CO 80203

RICK HUGHES

COLORADC YAMPA COAL CO
29588 ROUTT CTY RD #27
OAK CREEK, CO 80467

CHARLES JACKSCN
AMAX~-HENDERSON MINE
P.0. BOX 68

EMPIRE, CO 80438
PHIL JOHNSON
ECON INC.

2685 AIRPORT WAY
HELENA, MT 59601
DAVID JCHNSON

W. RESOURCE DEVELOPMENT
711 WALNUT ST,

BOULDER, CO 80302
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ALAN HALL

NM-MINING & MIN DIV

525 CAMINO DE LOS MARQUEZ
SANTE FE, NM 87501

MIKE HARDING

NORTH AMERICAN GREEN
14649 HWY 41 N
EVANSVILLE, IN 47711
WENDELL G. HASSELL

SOIL CONSERVATION SER
7866 MARSHALL ST
ARVADA, CO 80003
CRAIG HAYNES

BUREAU OF LAND MGMT
P.0. BOX 1361
MEEKER, CO 81641
JIM HERRON

CO-DEPT OF NAT RES

1313 SHERMAN=~423 CENT BLD
DENVER, CO 80203

DARWIN HOEFT
USDA
P.0. BOX 200

CUSTER, SD 57730

DENISE HOWARD
304 PETERSON ST
FT. COLLINS, CO 80524
J. LEIGH HUNT
Csu

405 N. WHITCOMB
FT. COLLINS, CO 80521
KAY JAMES
WALDEN COAL CO.
P.0. BOX 229
BOULDER, CO 80306
CLYDE JOHNSON

BUREAU OF LAND MGMT.

701 CAMINO DEL RIO

DURANGO, CO 81301
WILLIAM JOHNSON

USDA FOREST SERVICE

P.0. BOX 7916

ASPEN, CO 81612
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ALAN JUNCKER

NORTH AMERICAN GREEN
14649 HWY 41 NORTH
EVANSVILLE, IN 47711

DEBORAH KEAMMERER
STOECKER-KEAMMERER & ASSOC
5858 WOODBOURNE HOLLOW RD
BOULDER, CO 80301

KYM KELLEY

KELLEY EROSION CONTROL
P.0O. BOX 1115

S LAKE TAHOE, CA 95705

LARRY KLINE

USDOI OFC OF SURFACE MIN
1020 15TH ST

DENVER, CO 80202

MICHAEL KLISH

BUREAU OF LAND MGMT

2315 DOGWOOD CT

GRAND JUNCTION, CO 81506

CRAIG KNOCK

K & K HYDRC TURF

P.O. BOX 2269

GILLETTE, WY 82716

LOREN KROENKE

ROUTT NATL FOREST

29587 W US 40

STEAMBOAT SPGS CO 80487

TOM LAHTI
P.0. BOX 1828
CHEYENNE, WY 82001

JIM LANCE

COLO DEPT OF HIGHWAYS
P.0. BOX 2107

GRAND JUNCTION, CO 81502

LISA LARSEN

WESTECH

P.0. BOX 6045

HELENA, MT 59604
CURT LEET

BLM

P.O. BOX 2153

MEEKER, CO 81641

WARREN KEAMMERER
STOECKER-KEAMMERER & ASSOC
5858 WOODBOURNE HOLLOW RD
BOULDER, CO 80301

RICHARD KEIGLEY

NATL PARKS SERVICE

ROCKY MTN NATL PARK

ESTES PARK, CO 80517

KENNETH KLCO

GENSTAR GYPSUM CO

BOX 80

COALDALE, CO 81222

HENRY KLINGMAN

TRICON AG VOGELSANGSTR #7
P.0O. BOX 144 CH-8033
ZURICH, SWITZERLAND

PAUL KLITE
1450 LOGAN ST
DENVER, CO 80203

PAUL KRABACHER

MLRD

2882 CABOOSE AVE

GRAND JUNCTION, CO 81503

DAVID KRUSE
US ARMY CORPS OF ENG
650 CAPITAL MALL

SACRAMENTO, CA 85814
MIKE LAMB

WINTER PARK SKI AREA

P.0. BOX 36

WINTER PARK, CO 80482

LYNN LANNING

WYOMING HIGHWAY DEPT

P.0. BOX 1708

CHEYENNE, WY 82002

MICHAEL LEAK

STATE PARK & REC

1313 SHERMAN #618

DENVER, CO 80203

TONY LEONARD

AMERICAN EXCELSIOR

P.0O. BOX 5067

ARLINGTON, TX 76011



STEPHEN LONG

CEDAR CREEK ASSOC INC
616 COOK DR

FORT COLLINS, CO 80521
GARY LYNCH

MTN DEPT OF STATE LAND
CAPITOL STATION
HELENA, MT 59620
CARL MADISON

BUREAU OF LAND MGMT
2465 S TOWNSEND
MONTRCSE, CO 81401
JOHN MCCARTY

COLO HIGHWAY DEPT
P.0. BOX 1221
GLENWOOD SPGS, CO 81602
JEFF MEYER

THORNE ECOLOGICAL INST
4860 RIVERBEND RD
BOULDER, CO 80301
DALE MILLER
INTER-FLUVE INC
408 N BOZEMAN
BOZEMAN, MT 59715
GARY W. MOATS

USDA FOREST SERVICE
605 SKYLINE DR
LARAMIE, WY 82070
MICHAEL MOLLICA

PLANNER, EAGLE COUNTY
P.C. BOX 179

EAGLE, CO 81631
J.M. MORRIS

AMERICAN EXCELSIOR

P.0O. BOX 5067

ARLINGTON, TX 76011

GARY NOLLER

UPPER CC ENVIR PLANT
P.0. BOX 448

MEEKER, CO 81641
PETER O'BRIEN

MERISTEM NURSERY INC

P.O. BOX 698

REDWING, CO 81066
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DALE LYLE
STREAM TEAM
408 E 22ND PL

LOVELAND, CO 80537

CARL MACKEY
402 W CHESTER
LAFAYETTE, CO 80026
JIM MARTIN
MIRAFI INC

P.0. BOX 240967
CHARLOTTE, NC 28224
FLOYD A. MCMULLEN

US OFFICE OF SURFACE

1150 S GLENCOE

DENVER, CO 80222
GARY R. MILES

NATL PARK SERVICE

P.0. BOX 25287

DENVER, CO 80225

ROBERT B. MILLER
WESTERN STATES HYDROSEED
5675 E GREENWOOD PL

DENVER, CO 80222
PETER MOLLER

COLORADO MTN COLLEGE
TIMBERLINE CAMPUS
LEADVILLE, CO 80461

ROBERT L. MOORE
THUNDER BASIN COAL CC
P.0O. BOX 406
WRIGHT, WY 82732
RUTH MURAYAMA

SUMMIT COUNTY PLANNING
P.0. BOX 68
BRECKENRIDGE, CO 80424
BEN NORTHCUTT

MOUNTAIN WEST ENVIRON
P.0. BOX 2107

STEAMBOAT SPRGS, CO 80477

PATRICK O'SHEA
NAT ENV RECLAMATION
1057 SNEAD DR

TROY, MI 48098



DIANE O'SHEA

NAT ENV RECLAMATION
1057 SNEAD DR

TROY, MI 48098
DENNIS 0OST

DESIGN WORKSHOP INC
719 E DURANT

ASPEN, CO 81611
JOHN PARKS

MONTANA STATE UNIV
RECLAMATION RESEARCH
BOZEMAN, MT 59717
VERN PFANNENSTIEL
PEABODY COAL CO
10375 E HARVARD AVE
DENVER, CO 80231
CHARLES J. POTTER
NATL- PARK SERVICE
GLACIER NATL PARK
W GLACIER, MT 59936
JCHN RAWINSKI

RIO GRANDE NATL FOREST
1803 W HWY 160
MONTE VISTA, CO 81144
GEFF REED

COLORADO MTN COLLEGE
P.0. BOX 54
LEADVILLE, CO 80461
MICHAEL ANN REX
US FOREST SERVICE
1C0 US HWY 34
GRANBY, CO 80446
ROBERT RIDDLE

US FOREST SERVICE
P.0., BOX 31
KEMMERER, WY 83101
RON ROBERTS

MOBIL COAL PRODUCING

P.C. BOX 3021

GILLETTE, WY 82716
T.R. ROHWEDER

MANVILLE CORP

7030 S NEWLAND CT
LITTLETON, CO 80123
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PHIL OGLE

WYOMING DEQ-LAND QUAL
122 wW. 25TH ST
CHEYENNE, WY 82002
RICHARD PARACHINI
Csu

RANGE SCIENCE DEPT
FT. COLLINS, CO 80523
GEORGE R. PERKINS
US FOREST SERVICE
BOX E

BEAVER, UT 84713
MARK PHILLIPS
PHILLIPS SEEDING
11843 BILLINGS
LAFAYETTE, CO 80026
ROBIN RALPHS
RANDALL & BLAKE INC
4901 S WINDERMERE
LITTLETON, CO 80120
ED REDENTE

DEPT OF RANGE SCIENCE

Csu

FORT COLLINS, CO 80523
DAVID REED

Csu

500 W PROSPECT
FORT COLLINS, CO 80523
CRAIG RICHTER

COLORADO MTN COLLEGE

222 W 6TH ST

LEADVILLE, CO 80461
D.W. RILEY

ECI

390 S TAFT

LAKEWOOD, CO 80228

REGINA M. ROCHEFORT
MT RAINIER NATL PARK
TAHOMA WOODS, STAR RT

ASHFORD, WA 98304
ROY ROPER

BOESCH-FISHER ENGR

389 GLENMOOR RD

CANON CITY, CO 81212



KEVIN RYAN

SUMMITVILLE CSNLDT MIN
P.0. BOX 2-G
DEL NORTE, CO 81132
DAVID SAMMONS
ECI

390 S TAFT
LAKEWOOD, CO 80228
HERB SCHAAL

EDAW INC

240 E MOUNTAIN AVE
FORT COLLINS, CO 80524
MARK SCHUSTER
GRUBB & ELLIS CO
910 COVE WAY
DENVER, CO 80209
JANICE SEIBERT
AGRONOMY DEPT
CSu

FT. COLLINS, CO 80523
JIM SHARKOFF
COLCRADO STATE UNIV
6504 LUNAR CT

FORT CCLLINS, CO 80525
DAVID SHARP

SHARP BROS SEED CO
101 E 4TH ST RD
GREELEY, CO 80631
G.L. SHERWOOD

ROCKY MTN TREES & LAND
P.0. BOX 1336
CRESTED BUTTE, CO 81224
CLIFF SIMONTON

VAIL ASSOCIATION INC
P.0. BOX 7

VAIL, CO 81658
DIANA SMEDRA
COLO MTN COLLEGE
BOX 52
LEADVILLE, CO 80461
DEBRA SMITH

WALKER & ASSOC LTD

RR #1 S EDMONTON

ALBERTA, CANADA T6HANG
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BURNS SABEY

DEPT OF AGRONOMY
CSu

FORT COLLINS, CO 80523
ANDELL SAWDO

CRESTED BUTTE MTN RES
P.0. BOX 21
GUNNISON, CO 81230
STEVE SCHIESSWOHL

BUREAU OF RECLAMATION
P.0. BOX 1889
GRAND JUNCTION, CO 81502
STEVE SCOTT

BOWMAN CONSTN SUPPLY
2310 S SYRACUSE WAY
DENVER, CO 80231
CLAIRE SEMMER

COLO YAMPA COAL CO
P.0. BOX 881302
STEAMBOAT SPGS, CO 80488
DON SHARP
FINN CORP
9281 LESAINT
FAIRFIELD, OH 45014
HOLLAND SHEPERD
UTAH DIV OF OIL-GAS
355 W N TEMPLE

SALT LAKE CITY, UT 84180
HENBY SHOVIC

FOREST SERVICE

GALLATIN NF BOX 130
BOZEMAN, MT 59715

CHET SKILBRED
GLENROCK COAL CO
1026 55 RANCH RD
GLENROCK, WY 82637
TIM SMITH

COTTER CORP

12596 W BAYAUD AVE #350

LAKEWOOD, CO 80228
SCOTT SPACKEEN

NPI SEED DIVISION

1697 W 2100 NORTH

LEHI, UT 84043



ANDREW B. STAFFORD
BRIDGER COAL CO
P.0. BOX 2068

ROCK SPRINGS, WY 82901
TONY SVATOS

WHITE RIVER NATL FOREST
P.0. BOX 948
GLENWOOD SPGS, CO 81602
MARC THEISEN

BOWMAN CONSTN SUPPLY
2310 S SYRACUSE WAY
DENVER, CO 80231
GARY THOR

DEPT OF AGRONOMY
Csu

FT. COLLINS, CO 80523
ANNA THURSTON
COLORADO GREEN ALCC
3895 UPHAM SUITE 150
WHEAT RIDGE, CO 80033
AL TODD

US FOREST SERVICE
P.0. BOX 8465

S LAKE TAHOE, CA 95731
RICHARD TRENHOLME
INTERMOUNTAIN SOILS

1873 S BELLAIRE ST
DENVER, CO 80222

KRYSTYNA URBANSKA

SWISS FED INST OF TECH
ZURICHBERGSTRASSE 38
ZURICH,SWITZERLAND CH8044

JANE VALERIUS

DEPT OF ENV QUALITY
210 LINCOLN ST
LANDER, WY 82520
RICHARD VINCENT

UNIV WY-GRAD STUDENT
810 1/2 S 11TH
LARAMIE, WY 82070
MOHAN WALI

COLL CF ENVIRON SCI/FOR
STATE UNIV OF NEW YORK
SYRACUSE, NY 13210
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SUZANNE STUTZMAN
NATL PARK SERVICE
P.0O. BOX 25287
DENVER, CO 80225
JOSEPH SWYERS
COLORADO MTN COLLEGE
P.0. BOX 480
LEADVILLE, CO 80461
LEO K. THIESSEN
MANVILLE CORP
P.0. BOX 5108
DENVER, CO 80217
GARY THORSON

WY RECREATION COMMISSION
122 W 25TH ST

CHEYENNE, WY 82002
JEFF TODD

AMAK ENV AFFAIRS

1707 COLE BLVD

GOLDEN, CO 80401

JOHN TOWNLEY

ORGANIC EARTH SCIENCE
P.C. BOX 262F
LONGMONT, CO 80501
MADHUKAR UPADHYA

UT STATE UNIV

P.O. 1406

LOGAN, UT 84322

IVAN URNOVITZ
TEXAS OIL & GAS
1016 MAIN ST
LOUISVILLE, CO 80027
BOB VILOTTI

ARKANSAS VALLEY SEEDS
4625 COLORADO BLVD
DENVER, CC 80216
COLIN VOIGT

BUREAU OF LAND MGMT
P.0. BOX 1869

ROCK SPRINGS, WY 82901
DAVID WALKER

WALKER & ASSOC LTD

RR #1 S EDMONTON

ALBERTA, CANADA TE6H4N6
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SCOTT WANSTEDT

CSu

DEPT OF RANGE SCIENCE
FORT COLLINS, CO 80523

DAVID WESTERGARD

GRASS GROWERS INC

424 COTTAGE PL
PLAINFIELD, NJ C7060

DEBRA WHITALL

US FOREST SERVICE

P.0. BOX 8465

S LAKE TAHOE, CA 95731

ANTHONY WILLKCMM

COLO MTN COLLEGE

105 E 6TH ST

LEADVILLE, CO 80461

LARRY WOODS
AMERICAN EXCELSIOR

P.0. BOX 5067

ARLINGTON, TX 76011

SARAH WYNN

NATIONAL PARK SERVICE
DSC-TN6 P.O. BOX 25287
DENVER, CO 80225

BARBARA ZUCKER

COLORADO MTN COLLEGE

507 W 2ND ST

LEADVILLE, CO 80461

GORDON WARRINGTON

USFS BRIDGER-TETAN

P.0O. BOX 1888

JACKSON, WY 83001

KAY WHISTON

UNIV OF WYOMING

1858 N 9TH #4

LARAMIE, WY 82070

SUSAN WHITE

NPI RECLAMATION CONST

417 WAKARA WAY

SALT LAKE, UT 84108

BILL WOLVIN

WINTER PARK SKI AREA

P.0. BOX 36

WINTER PARK, CO 80482

STONEY WRIGHT

AK PLANT MATL CTR

STAR RT. B = BOX 7440
PALMER, AK 99645

DIANE YATES
CRS SIRRINE
216 16TH ST MALL STE 1700
DENVER, CO 80202



