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Natural Revegetation of Abandoned Spent Shale
in Western Colorado

C.V. Mackey
Western States Reclamation
7650 W. 20th fAve
Broomfield, CO  800Z0

INTRODUCTION

The o0il shale region in Colorado, known as the
Ficeance Basin, is located in the northwestern area of the
state in Rio Blanco, Barfield and Mesa counties. Early
efforts at oil shale development during the 1920"s resulted
in several spent shale sites abandoned without applied
reclamation practices and therefore subjected to only
natural processes of weathering and succession. This study
examined five of these sites abandoned 50 to &0 years ago.
Natural revegetation of surface disposed spent shale as
well as drastically disturbed areas sSurrounding the spent
shale was evaluated. Detailed results of the project were
summarized in the unpublished report of Mackey (1982); the
following paper will summarize major findings of the study.

OBJECTIVES
Specific objectives of this project were:
1) To evaluate the current successional status of
abandoned spent shale sites, and .
2) To relate defined status to specific physical

factors to determine causal relationships.

METHODS

Experimental Design

Thié study involved vegetation and soil sampling of a
series of five nearly equal age (i.e. 350 to 60 vears since

abandonment) o©il shale retort sites. These sites were
considered replicates for data analysis. Data on
vegetation and—soils were collected in three stratified
zones at each study site: the immediate area of deposited

spent shale, adjacent argas of drastic surface distwhance
(termed secondary disturbance) associated with the shale
retort and support facilities. arnd swrounding areas
relatively undisturbed by development activity. Undisturbed
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areas were utilized as a basis for comparison of vegetabtion
and spil development 1in disturbed areas. The three

stratified zones represented study treatments. Thus, three
treatments were replicated five times.

Measuremnents

Vegetation sampling was initiated in early July, 1981
and ococwred once at each study site. M modified Daubenmire
canapy-—-cover method (Daubemire, 19259) was used to wstimale

cover  of herbaceous spgcies. Shrub specties cover wWas
estimated through the line intercept method Muel ler—
Dombols &and Ellenburg, 1974) . For fuwrther compa&risons
SHIMOrG sample zones, Shamnmon—-Wiener diversity indices
(Shannon and  Weaver, 1972 and the bSpatz indewx ot
similarity (Mueller-Dombois and Ellenburg, 19745 were
calouwlated  anong zones. Suil pits were esxcavated in each
sone - at each site in August, 1481. Field profile
descriptions  were made, and samples were extraclted fromn
gpecitic  depth ranges derived from provile characteristics
for laboratory analysis. Laboratory soil tests conducted
included electrical conductivity, sodium adsarption ratio,
nitrate nrtrogen, phosphorus, potassium, caloiam, and

MAEGNESsl um.

RESULTS AND DISCUSSION

Current Successional Status and Trends

Determination of general plant community successional
trends was  confounded somewhat by varying degrees of
unr gueness  amonyg  the five sites in terme of  swwrounding
vegetation, sails and physiography. Howewver , analysis of
arouped site data did yvield a number of broad relationships
between spent shale and secondary distuwbarnce zones  and
their undisturbed vegetation counterparts.

Table 1 indicates there to have been no  si

aril F A CEMTT

gdifrerences in mean total vegetation cover betwesn
Secondary disturbed and undisturbed waiprl d g OIS,

However, spent shale zone plant communities exhibiled
significantly lower total cover than either of the above
two  sones. Analysis of cover contributed by various
classes of vegetation indicated no significant differen
netween . any of the sample zones for  total perinnlal

Qi A HEE ., anmial grasses and {arbs. Total shrub cover was
significantly lower on spent shale sites. Theretore, in

rins of overall vegetation cover, secondary distuwrbances
had  essentially sgualled undisturbed sites after 50 vears
of  successional development, whereas cover on spent shale

sy
.
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sites was still significantly reduced; primarily due to
lower shrub establishment.

However, major differences in individual species cover
and composition occurred among all three sample zones.
Spatz Similarity Index (Isp) data of Figure 1 indicate both

spent shale and secondary disturbance plant communities to
have exhibited relatively low percent similarity in species
composition/cover to undisturbed vegetation. Secondary

disturbance vegetation did prove to be significantly more
similar to that of undisturbed sites than did spent shale
vegetation. Since secondary disturbance vegetation was
essentially equal to undisturbed communities in terms of
vegetation cover, the low percent similarity was attributed
to differences in species composition. For the spent shale
zones, low percent similarity was due to both significantly
lower cover and different species composition.

An increasing trend in apparent overall plant
community diversity, as evaluated by the Shannon-Wiener
Index - (H* ), occuwrred Ffrom spent shale to secondary

disturbance to undisturbed zones. However, differences in
H* values were not statistically significant (Figure 1).
Common and unigque species plant community composition
data, based wupaon relative cover of such species, are
presented in Figure Z. Both spent shale and secondary
disturbance plant communities were dominated by plant
species which were also components of undisturbed
communities. That is, of the total plant cover in both the
spent shale and secondary disturbance zones, a high
percentage was by plants also found in the undisturbed
ZONes. This may indicate that environmental conditions are
harsh enough to limit species involved in natuwal plant
community development to those generally adapted to the
semi—arid nature of the area. In addition, spent. shale
zones had higher relative cover by species that were unique
to that zone than did either the secondary or undisturbed
zones. This could indicate that spent shale zones had
characteristics different enough from suwrounding areas to
require species specially adapted to those characteristics.
Table 2 presents mean cover of dominant species among
sampling zones. Some species exhibited major differences
in cover among all three zones, tending to increase from
spent shale to secondary disturbed to undisturbed zones.
Among these were Ameanchi e alnifolia, Cercocarpus

montanus, Juniperus utahensis,and Guercus gambelii. These
species may thus represent higher seral stage species whose
re—-establishment heas been particularly inhibited by
disturbed site conditions. However, their higher cover on
secondary disturbances than on spent shale sites may be
evidence of higher successional status of the former sites.
Certain species, i.e. Artemisia tridentata and Furshia



ntata, exhibited similear cover ]yl secondary

disturbance and undisturbed sites but much reduced cover on
spent shale. These shrubs may represent species with wider
searral amplitude whose establishment may be specitically
retarded by conditions unigue to spent shale sites. Other

and GChirysol

species, such «as Atriplex confertitolia TAINLS

NaUse0sils., accurred in roughly equivalent cover on all
three zones. These shrubs may represent species with both

wide seral amplitude and tolerance of spent shale
caonditions, and would be likely candidates {for inclusion in
plant species mixtures for revegetation of spent shale
affected lands. One species,Eriogonum corynbosum was
unique in that it exhibited highest cover within the spent
shale zone and progressively declined within the next two
zones. This shrub may therefore be a early seral stage
species specificelly sadapted to spent shale conditions. It
thus may have difinite utility as a seeded or transplant

species on  spent shale deposits. One other species,
Atriplex canescens, exhibited highest cover in  secondary
disturbed zones. This speciesz may have definite utility

for seeding in distwbed areas not affected by spent shale.
Howewver, persistance of this species may present problems
concerning development of species composition comparible to
undisturbed vegetation.

To summarize the above results, undisturbed zone plant
communities were considered successionally advanced for

purposes of this study. Fifty years after abandonment,
secondary disturbances haa apnroached undisturbyed
conditions inm  terms of total cover, but still were
dissimilar to undistuwbed sites on an individual species
basis. Secondary disturbances may therefore be in middle
stages of successional development.’ Conversely, spent

shale sites exhibited both lower total plant cover and
maximum individual species dissimilarity to undisturbed
communities, and thus can be considered as still in  early
stages of succession.

Three plant community characteristics were used to
evaluate successional development of semi-arid plant
caommunities disturbed by 0il shale development. In terms
of total vegetation cover, secondary disturbed zones were
not significantly different from undisturbed areas. Iy
termse of diversity, &as denoted by the Shannon-Wiener inde:x,
there were no significant differernces among spent shale,

secondary disturbed and undistuwbed zones. EBased upon
these two commuriity descriptors alone, secondary
disturbances might be judged as adequately developed after
G0 to 80 years of succession. Even spent shale zones might
be considered successionally advaenced in terms of diversity
alone. Howaver, the noted differences in commuri ty

composition were not reflected in comparisons of either
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total vegetation cover or diversity indices. Thereforsa,
the Spatz index of similarity was used to consider not only
cover and diversity. but community composition as well.
Whern both distwbed zones were compared to uwundisturbed
zones using the Spatz irdes . low similarity values
esul ted. Similerity indices may represent a more valid
means of evaluating disturbed vs. undisturbed site

vegetation development than either total cover or diversity
indices alone.
Factors Influencing Successional Development

Results of soil analyses (Table 3) provide information
on certain edaphic characteristics of disturbed sites which
may have influenced vegetation development. Excessive
concentrations of salts in spent oil shale have often been
reported (e.g., Schmehl and McCaslin, 1973; Berg,l1973), and
may comprise a major factor influencing revegetation. In
this study, mean electrical conductivity (EC) at spent
shale sites was relatively high {(i.e.., greater than 4
mmhos/cm) , and significantly greater than that in either
secondary disturbance or undisturbed site soils (Table 3).
Mean sodium adsorption ratio (S5AR) was significantly higher
in spent shale than in undisturbed soils, and was
intermediate in secondary disturbance soils.

With respect to soil fertility parameters, several
researchers have reported either low concerntration or
availability of nitrogen (N) and potassium () in certain
types of spent shale (e.g., Schmehl and McCaslin, 1973

Berg, 1973 . Results of soils analyses of this study
{Table 3. however, indicated no apparent general
dificiency nor significant differences in K concentration
among soils of any of the sampling zones. Mean nitrate-—N
concentratipgns were in fact significantly higher in spent
shale zone soild than in secondary disturbance or
undisturbed scils. This effect was also found by Klein

(1981), who reported an accumulation of nitrate in soils
mixed with greater than 104 Paraho spent shale after a 40
day incubation. High levels of soil nitrate mitrogen are
of concern for at least two reasons. The mobility of
excess hitrate could pollute water sources, and excess
nitrate absorption by plants could result in forage
toxicity. However, release of moderate amounts of nitrate
could aid in plant establishment and growth.

Magnesium (Mg) corncentrations were Significantly
areater in spent shale zone swoils. Antagonistic plant
uptake relationships may occur between Mg and calcium (Ca)
affecting plant nutrition (Corey and Schul te, 1972 . Thie
optimum Ca:Mg ratio is unclear, however , it has been
suggested that Ca deficiencies may potentially occur in
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soils with & Ca:Mg ratio of less than 1.0 (Martin and FPage,
1969). Table 4 indicates a mean Ca:bg ratio approaching
1.0 in spent shale zone soils due to elevated Maq
concentration., At certain spent shale sites and/or soil
depths ratios were lower than 0.08. Therefore., the
possibility of a Ca:Mg imbalance exists in certain spent
shale affected soils, which may have influenced plant
growth.

CONCLUSIONS

The affect of spent shale appears to have chronically
restricted and/or changed the mode of plant community
succession. Therefore, initial alleviation of long—-term
inimical effects of spent shale, such as those demonstrated
for certain soil properties, through applied reclamation
practices would appear to be necessary on spent shale
affected disturbances if attainment of pre~-distuwbance
caonditions is to be made possible and/or accelerated.
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1
Table 1. Mean total vegetation and plant class canopy cover

(Z)2 among sampling z2ones, 19813,

cone
Spent Secondary
Shale Disturbance Undisturbed
Total Vegetation 16b d4b6a S5Sa
Total Ferennial Grasses la 2a 3a
Total Annual Grasses 3a ' Sa 8a
Total Forbs ia la 2&
Total Shrubs 14b F3a 47 a
—__—I ___________________________________________ - ————————n

For all five sites
Not summed parameters; independently estimated

Values across rows followed by same letter not
significantly different at .01 level of significance
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Table 2 Mean cover of dominant and/or commornn sheab
species among sites and sampling zones, 1981.

g 9004 S0t e s S et S Sk bt PR 9ot SAod eSS T o o8t i e 400 e e oo 4413 e et S . ek W i v o 40 e ree 4= Syam S 1o ot S e bt S S et e S e a2 $o0m o o o e e

4
2

-~ .

Cover (Z) in Zones:
Secandary

Disturbance Undisturbed
12, 235
7.8 22,
1.1 2.7
2.7 8.3
Artemisia tridentata 3.1 14.4 : 12.8
Purshia tridentata 0.0 6.2 . 6.8
Atriplex confertifolia 8.5 8.7 8.2
Chrysothamnus D§H§§Q§H§1-9 1.3 2.
Eriogonum corymbosum 2.5 1.6 TL
Atriplex canescens 0.0 8.3 0.3

Among sites species present on

T = trace (less than 0.1% cover)

- .
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S |
Table 3. PMean data for selected soil parameters anong
sample zones, 19812.
Spent Secondary

Farameter shale Disturbance Undisturibed
Electrical

Conductivity S.9a 2. b i1.1b
Sodium Adsorption

Ratio ?.9a 7 Zab 2a2b
Nitrate Nitrogen (ppm) 29.8a S.4b 4.,.8b
Fhosphorus {(ppm) SeSa 4.1a 2.3a
Fotassium (ppm) Sd4la I0Sa 200a
Calcium {ppm) 9la Zha IS5
Magnesium (ppm) 74a 14b b
Ca:Mg ratio ' 1.2 2ad 3.9

1 Among all soil depths sampled among all sites

2 Values acrposs rows followed by same letter not
significantly different at .15 level of significance.

10
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Figure 1. Meanl percent similarity (Spatz Index) of disturbed
to undisturbed zone vegetation, and diverﬁity indices
(Shannon-Wiener Function) among all zones®.

N Mean Shannon-Wiener Diversity Index (H')

o

=1.0
=, 8
A =
A )
e . 6
Hl
A -
- 4
-
b
=0 .
a Isp L
I ] T 0
Spent Secondary Undisturbed
Shale Disturbance
SAMPLE ZONE

1For all five sites.

2Points for each parameter followed by same letter not significantly
different at .0l level of significance for Isp and .25 level of
significance for H'.
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Figure 2. Mean1 common and unique species plant community
composition data for three sampling zones.

100 _r c2
%
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_ cs /
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Percent 7 Peltete /
Vegetation 40 - ::::::/

jo @ o
Composition ~:§°:;;;;
20 | :I:I:I%
- Z:I:::Z
.:-:o: Us
o S
Spent Shale Secondary Undisturbed
Disturbance
SAMPLE ZONE
Key: CU = Composition by species common to undisturbed zone
C2 = Composition by species common to secondary disturbance zone
CS = Composition by species common to spent shale zone
US = Composition by species unique to given zone
1
For all sites.
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DRYLAND SEED PRODUCTION OF REVEGETATION SPECIES

R. H. Riley, A. G. Fisher, M. A. Brick!/
San Juan Basin Research Center,
Yellow Jacket, Colorado 81335
Colorado State University, Department of Agrounomy
Fort Collins, Colorado 80523

INTRODUCTION

Colorado, as well as other western states, has experienced a
developmental boom which has created increased demand for seed used in
the reclamation of disturbed lands. New seed producers are needed to
meet this demand. However, farmers are reluctant to grow unfamiliar
crops because of the financial risks involved. Insufficient research
has been conducted on dryland seed production of revegetation species in
Colorado. Information regarding stand establishment and seed production
potential of these species would provide seed growers some of the
management tools necessary to produce seed profitably. The San Juan
Basin Research Center initiated research in 1982 to answer the
aforementioned management questions.

The included data represent the first two years of a long-term
study, and should be considered preliminary. The research was funded by
the Colorado Commission on Higher Education and Colorado State
University.

MATERIALS AND METHODS

The San Juan Basin Research Center is located near Yellow Jacket,
in the southwest corner of Colorado, in a region generally referred to
as the San Juan Basin or "The Four Corners'". The location is near 7000
ft. elevation and is situated in a high, dry basin that receives an
average annual precipitation of 14 inches, with at least half of this
moisture falling as snow in the winter months. The soil at the study
location is a silty clay loam of the Witt series, which represents a
major acreage of agricultural land in southwest Colorado. These soils
have a high water holding capacity. The success of agriculture in the
San Juan Basin is dependent upon winter precipitation that is stored
through a major portion of the growing season. The season averages 120
frost~free days per year.

1/

Reéedrcher, Superintendent and Assistant Professor,
and Assistant Professor.
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The research was conducted in two parts. First was the
determination of optimum planting date and depth required for stand
establishment among four species. Second was the determination of seed
yield potentials among eleven species for two row widths (30 and 60
inch) under dryland conditions. Stand establishment index was
determined for each species at both row widths. A difference was not
expected in stand establishment for the two row widths. We were
interested only in relative stand establishment of the species included
under conditions of the study.

The first study, termed the date by depth by species study, was
conducted to determine the best combination of planting depth (Tables 1
and 2) and date (Tables 3 and 4) for four species previously deemed
difficult to establish in the San Juan Basin. Stand Establishment
Indexes were the criteria used to determine optimum planting depth and
date for each of the four species. Stand Establishment Index is based
on visual observations and rated on a scale of 1-4 where: 1 = 0-25%,

2 = 25-50%, 3 = 50-75% and 4 = 75~100% of full stand.

A split-split-plot design was used with planting dates as main
plots, planting depths as sub-plots and species as sub-sub-plots.
Planting depths were one inch and "stratified". All treatments were
seeded at a rate of 30 live seed per linear foot of row using a belted
cone, spinner type planter. The one inch planting depth was achieved
with depth bands. The "stratified" depth placed seed at a range of
depth from the soil surface to one inch. Stratification was
accomplished by using two drop tubes - one planting in the conventional
manner with one inch depth bands - the other drop tube, located just in
front of the press wheel, placed seed in the closing furrow slice,
thereby distributing seed from the surface to one inch in depth.

Stand establishment was evaluated among the four species planted at
three dates in 1982, and three in 1983 (Tables 3 and 4). Stand
establishment was also evaluated for depth of planting in 1982 and 1983
(Tables 1 and 2). Yield of seed were not measured.

The second study, termed the row width by species study, was
designed to determine whether 60 inch or 30 inch row spacings will
produce maximum seed yield among eleven species. Past experience in the
San Juan Basin shows that western wheatgrass planted in 30 inch rows
would initially yield 200-300 lbs per acre of seed. However, after
three to four years of stand, yields would drop to 40-60 lbs per acre.
But it was observed that in areas bordering on the edges of the stand,
where presumably more moisture is available, seed production would
remain high. This observation was our reason for including 60 inch row
spacing in the study in an attempt to sustain seed yield for a longer
time.
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The row width by species study was a split-plot design with row
width as main plots and species as sub-plots. All treatments were
planted 15 April 1982 at a seeding rate of 30 live seed per linear foot
of row. Stand establishment was rated 27 May 1983 as explained for the
previous study. Seed was harvested from six of the eleven species in
1983. The other five species did not produce sufficient seed for
measurement, or, as in the case of the forbs and shrubs, seed-producing
maturity had not been achieved. Seed was harvested by hand during July
and August of 1983 as the svecies matured. A portable head thresher was
used to thresh the seed. '

RESULTS AND DISCUSSION

Stand establishment was evaluated among four species planted at two
depths (one inch and stratified) in !982 and 1983 (Tables 1 and 2). No
significant differences were found in Rocky Mt. penstemon, Lewis flax,
Indian ricegrass, or four-wing saltbush for the two planting depths.
Based on the results it appears that planting depths up to one inch
would be suitable for these species under San Juan Basin conditions.

Stand establishment was evaluated in 1983 for the four species
planted at three dates in 1982 {Table 3). Rocky Mt. penstemon and Lewis
flax established significantly fuller stands when planted in October vs.
April or May. This is presumably a dormanzy problem. Apparently seed
of these species require exposure to cold temperatures to break
dormancy. It is probable that seed cf these species could be
artificially cold treated to break dormancy if soil moisture or timing
considerations make it desirable to plant earlier than the October
date. Indian ricegrass established equally well at all three planting
dates. Four-wing saltbush established batter in May and October than
April. This may be a resulr oif the cold, wet spring soils rotting the
seed of four-wing saltbusk,

The same experiment was conducted in 1983 with similar results
obtained. The October planting date will be rated for stand
establishment in May or June of 1984. No significant differences exist
for date of planting in 1983 (Table 4). These date are incomplete until
the October planting date is rated for stand establishment in the spring
of 1984, One might anticipate that Rocky it. penstemon and Lewis flax
will show a significant preference for fall seeding based on 1982 test
(Table 3).

The second study was rated for stand «stablishment amcng 2leven
species planted in 30 and 60 inch rows {(Table 5). No differences were
expected for stand establishment at the two row widths. These species
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Table 1) Stand Establishment Index Among Four Species Planted One-
%
Inch Deep and Stratified (1982).

*%
Stand Establishment Index

Species
Rocky Mountain Indian Lewis Four-Wing
Planting Depth Penstemon Ricegrass Flax Saltbush
One-inch 2.00 3.84 2.42 2,17
Stratified 2.00 3.59 2.08 2.00
n.s. n.s. n.s. n.s,

* Mean values from three planting dates in 1982, evaluated on May 27,
1983.

** Stand index based on visual observations where: 1 = 0-25%, 2 = 25-50%,
3 = 50-75% and 4 = 75-100% of full stand.

Table 2) Stand Establishment Index Among Four Species Planted One-Inch
*
Deep and Stratified (1983),

%ok
Stand Establishment Index

Species -
Rocky Mountain Indian Lewis Four-Wing
Planting Depth Penstemon Ricegrass Flax Saltbush
One-Inch 1.00 3.12 1.50 2.00
Stratified 1.00 2.88 1.13 1.65
n.s. n.s. n.s. n.s.

* Mean values from two planting dates in 1983, evaluated on October 18,
1983,

*%* Stand index based on visual observations where: 1 = 0-25%, 2 = 25-50%,
3 = 50-75% and 4 = 75-100% of full stand.
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Table 3) Stand Establishment Index Among Four Species for Three Planting
*
Dates (1982).

Stand Establishment Index

Species
Rocky Mountain Indian Lewis Four-Wing
Dates of Planting Penstemon Ricegrass Flax Saltbush
Kk
April 16 1.33 a 3.63 a 1.13 a 1.63 a
May 17 1.25 a 3.63 a 1.83 a 2.63 b
October 21 3.63 b 3.88 a 3.75 b 3.50 b

* Plots rated on May 27, 1983,

** Stand index based on visual observation where: 1 = 0-25%, 2 = 25-507%,
3 = 50-75% and 4 = 75-100% of full stand.

*%% Values within columns followed by the same letter are not different
at the 5% level of probability based on Duncans Multiple Range Test.

Table 4) Stand Establishment Index Among Four Species for Two Planting
*
Dates (1983).

k¥
Stand Establishment Index

Species
Rocky Mountain Indian Lewis Four-Wing
Date of Planting Penstemon Ricegrass Flax Saltbush
April 20 1.00 2.63 1.00 1.63
June 9 1.00 3.38 1.63 2.00
n.s. n.s. n.s. n.s.

* Evaluated on October 18, 1983.

** Stand index based on visual observation where: 1 = 0-257, 2 = 25-50%,
3 = 50-75% and 4 = 75-1007% of full stand.
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were rated to determine establishment potential under conditions of the
study.

Table 5 indicates a descending order of ease of establishment.
Western wheatgrass, with an index rating of 4 (i.e. 75-100% of full
stand) is at the top of the list, while winterfat with an index rating
of 1 (i.e. 0-25% of full stand) is at the bottom of the list.

Western wheatgrass, Indian ricegrass, small burnet, and tall fescue
established equally well at either 30 inch or 60 inch row spacings. As
expected, the overall effect of row spacing was not significant in the
analysis of variance.

The poorest stands were produced by pine lupine, Lewis flax, Rocky
Mt. penstemon, and winterfat. Winterfat did not establish and has been
deemed unsuitable for production under local conditions. Rocky Mt.
penstemon and Lewis flax show a very low establishment index, but it
should be noted that this study was planted in April. Results of the
date of planting study showed a significant preference to fall planting
for Rocky Mt. penstemon and Lewis flax (Table 3). Pine lupine's poor
stand index rating is partially a result of insect damage. Drought and
other factors may be contributing reasons. Four-wing saltbush shows an
intermediate response to stand establishment. However, shrubs should
not be compared directly to forbs or grasses because of difference in
plant growth habit. What may appear to be a low index rating for
fourwing saltbush may actually need thinning to reduce crowding because
of four-wing saltbush's large size at maturity. It is evident that
stand establishment is deceiving if one does not consider the particular
species growth habit when interpreting the data.

The top four species listed in Table 5 established to very dense
stands. It is likely that seeding rates of less than 30 live seed per
foot of row would be preferable.

Bulk seed yields were measured for five grass species (Table 6).
The species not listed that produced seed in 1983 is the forb small
burnet, which had a pure live seed yield of 816 lbs per acre. Tall
fescue produced significantly more seed than the other grass species.
Indian ricegrass and western wheatgrass produced similar, and desirable,
seed yields. Orchard grass produced significantly less seed. Basin
wildrye, although adapted vegetatively, produced low seed yield. This
is consistent with previous work completed at the San Juan Basin
Research Center (R. H. Riley, 1982, unpublished data). Basin wildrye
should probably be eliminated as a choice for seed production in the San
Juan Basin.
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Table 5) Stand Establishment Index Among Eleven Species
Planted In 30 and 60 Inch Rows., ¥

Stand Establishment Index*

Row Spacing

Species - Variety 30" 60"
Western Wheatgrass - Arriba 4,00 a** 4.00 a

(Agropyron smithii)

Indian Ricegrass - Paloma 4.00 a 4.00 a
(Oryzopsis hymenoides)

Small Burnet - Delar 4.00 a 4.00 a
(Sanguisorba minor)

Tall Fescue - P.1. 14944 4.00 a 3.75 a
(Festuca arundinacea)

Orchard Grass - Latar 3.75 ab 3.75 a
(Dactylis glomerata) »

Basin Wildrye - Magnar 3.25 b 3.75 a
(Elymus cinereus)

Four-Wing Saltbush - Wytana 2.25 c 2.25 c
(Atriplex canescens)

Pine Lupine - Hederma 1.50 d 1.25 c
(Lupinus albicaulis)

Lewis Flax 1.25 d 1.25 c
(Linum lewisii)

Rocky Mt. Penstemon - Bandera 1.00 d 1.00 c
(Penstemon strictus)

Winterfat - NoMa 333 1-00 d 1000 C
(Eurotia lanata)

* All plots planted on 4/15/82 and rated 5/27/83.

*#% Stand index based on visual observations where:
1l = 0-25%, 2 = 25-50%, 3 = 50-75% and 4 = 75-100% of
full stand.

*%% Values within columns followed by the same letter are
not different at the 5% level of probability based on
Duncan's Multiple Range Test.
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Table 6) Bulk Seed Yield Among Five Grass Species Planted in 30 and 60

Inch Rows.
Seed Yield (1bs/a)
Row Width (Inch)

Species 30 60 LSD(.05)
Tall Fescue 606 a * 369 a 66
Indian Ricegrass 253 b 190 b 66
Western Wheatgrass 246 b 169 b 66
Orchard Grass 164 ¢ 126 b 66
Basin Wildrye 59 d 48 c 66

* Values within columns followed by the same letter are not different at
the 5% level of probability based on Duncans Multiple Range Test.
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All species produced more seed per acre in 30 inch rows than 60
inch rows. The difference was significant only for basin wildrye and
western wheatgrass. These results suggest that 30 inch row spacing
would optimize seed production in the first year after establishment.
However, seed yield in subsequent years will determine which row spacing
is best suited for long-term seed production.

Small burnet, which is not in this table, is a forb, that looks
very promising in this yield trial. It has an impressive pure, live
seed yield of 816 lbs per acre in 30 inch row spacing. Small burnet
established with ease and is similar to alfalfa in growth habit, but is
much more frost tolerant than alfalfa, and remains green and growing
long after alfalfa has gone dormant in the fall. Small burnet is green
and actively growing long before alfalfa breaks dormancy in the
spring. Small burnet propagates readily from self-seeding, and appears
to be a desirable revegetation species in the San Juan Basin.

CONCLUSIONS

Planting depths of one inch and stratified did not significantly
influence stand density for the four species tested (Table 1 and 2).
Rocky Mt. penstemon and Lewis flax established significantly better when
seeded in October vs. April or May plantings. Indian ricegrass
established equally well at all dates. Four-wing saltbush showed a
preference to May or October plantings (Table 3)

The easiest species to establish under dryland conditions, as
tested in this study, were western wheatgrass, Indian ricegrass, small
burnet, tall fescue, and orchard grass. Basin wildrye established
readily without producing desirable quantities of seed (Table 5).

Tall fescue produced significantly more seed than the other four
grass species including Indian ricegrass, western wheatgrass, orchard
grass, and basin wildrye (Table 6). Small burnet, the only non-grass
that produced seed last year, is a prolific seed producer, with
potential as a revegetation seed crop in the San Juan Basin.
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COST AND EFFECTIVENESS OF MULCHING PRACTICES

Burgess L. Kay
Department of Agronomy and Range Science
University of California
Davis, California 95616

ABSTRACT

Straw was shown to be the most cost-effective mulch practice to
retain soil in artificial rainfall tests. Straw was superior to hydrau-
1ic mulches and compared favorably with the expensive fabric products.
Some fabrics were inferior to straw. Jute, applied over 3,000 1bs/acre
straw, was the most effective. Straw practices are discussed.

INTRODUCTION

The addition of mulch products to the surface of disturbed soils is
the most practical way to obtain an immediate degree of protection from
surface erosion and to encourage the establishment of plants for addi-
tional protection. Mulches control erosion directly by absorbing the
impact of raindrops which would otherwise dislodge soil particles. They
may also trap soil particles, retain water, and improve infiltration.
Plant establishment is encouraged by moderating temperature extremes and
retaining moisture.

The cost and effectiveness of mulching practices vary greatly.
Therefore, it is important that their relative values be known. Straw
was compared in this study to other commonly applied mulching practices
for effectiveness in retaining soil under artificial rainfall condi-
tions.

PROCEDURES

Surface applied mulches were tested on 2 ft x 4 ft soil surfaces
inclined at 5:1 and/or 2:1 (horizontal to vertical measurement). Arti-
ficial rainfall of 0.12 inch diameter drops (3 mm), falling 15 ft at the
total amount of 6-inches/hr, was applied to duplicate samples of the
surfaces for periods of two to six hours. The boxes containing the soil
were designed to allow rapid drainage if water moved through the 6 inch
profile. Soil washed from the slope surface was collected, dried, and
weighed.

Common mulching practices investigated in this Rtest include
hydraulically applied virgin wood fiber mulch (Silvafiber") at rates of
1,500 and 3,000 1b/acre; barley straw at rates of 1,000, 2,000, 3,000
1bs (tacked to the surface with asphalt emulsion at 200 gpa) and 8,000
1b punched into the soil with a shovel to simulate a roller. Erosion
control fabrics stapled to the soil were jute, excelsior, paper (Hold/-
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GroR), and jute stapled over 3,000 1b of straw. These were compared toc
no surface protection. The percent of the surface covered with the
various straw and fabric treatments was measured with a point frame (100
points/replication), and are listed with weight/acre of various products
(Table 1).

Table 1. Percent of surface covered and weight of mulch product.

Percent

1b/acre cover
Hydraulic mulch 1,500 95
Hydraulic mulch 3,000 100
Straw 1,000 48
Straw 2,000 66
Straw 3,000 78
Straw 8,000 86
Jute 5,050 58
Excelsior 3,300 72
Hold/Gro 850 95
Jute + straw 8,050 96

The eight "soils" used in the tests were often subsoils or mixtures
of profiles taken from construction sites. The Arnold fine sand was
from a road cut near Prunedale, decomposed granite (DG) from a road cut
near Carson Pass, Cieneba gravelly sandy loam from a motorcycle park
near Hollister, Dibble sandy clay loam from a brush area in Yolo Co.,
Los Osos loam from a construction site near Hercules, Yolo loam from
Davis farmland, Auburn-Sobrante loam from the surface in the foothills
of the Sacramento Valley near Browns Valley, and Altamont clay loam from
a motorcycle park near Livermore. Soils were not compacted into the
boxes other than by .repeated waterings. Bulk density was measured
periodically, at or near field capacity to be sure all treatments were
comparable. Texture and particle size are shown in table 2.

Table 2. Texture, series name, and particle size of soils tested.

Texture ‘Name Clay Si1t Sand Gravel
Percent
Uncemented fine sand Arnold 2 3 95 0
Very gravelly coarse sand Decomposed granite 3 4 41 52
Gravelly sandy loam Cieneba 9 9 49 33
Sandy clay loam Dibble 21 18 61 0
Loam Los Osos 17 48 35 0
Loam Yolo 22 45 33 0
Loam Auburn-Sobrante 21 43 36 0
Clay loam Altamont 29 45 26 0
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RESULTS
Erodability of Soils

The unprotected soil surfaces varied considerably in the amount
of soil lost (Figure 1). Loss was greater from all soil types when
inclined at the steeper angle (2:1 than at 5:1). Least erodable were
the soils containing gravel and the soil with the highest clay
content. Much of the water flows through the gravelly soil draining
out of the bottom of the boxes. Also the surface gravel particles
absorb much of the energy from the water drops without being
dislodged.

By contrast the montmorilionite clay particles of the Altamont
soil are firmly bonded together, and while they don't allow water to
readily drain through, they are able to withstand considerable impact
energy of the drop sizes used here. Most erodable were the soils with
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Figure 1. Erosion rates (tons/acre) of
unprotected soil surfaces
inclined at 5:1 and 2:1.
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high percentages of fine sand and silt. The Arnold fine sand allowed
some infiltration but soon saturated and liquified. Steepness of the
slope then became important in determining how fast the liquified soil
flowed from the slope. Also highly erodable are the loams which are
particularly important because they commonly occur on coastal
sub-division sites.

Straw vs. Hydraulic Mulch

The hydraulic muich rates were compared to 3,000 1bs of straw on
seven soils at both 5:1 and 2:1. The effect on soil loss is shown in
figure 2.

Straw provided much greater protection than wood fiber on all
soils, but was most dramatic on DG, uncemented fine sand, and clay.
The protection was so complete that the regular two-hour test was
increased to as much as six hours. The excellent performance of straw
on uncemented fine sand was particularly impressive because this soil
liquifies and flows if not protected by a mulch. Wood fiber, though
inferior to straw, offered some protection. Increasing the commonly
used rate of 1,500 1b to 3,000 1b provided additional protection only
on a fine sand at 5:1 and DG at 2:1.

Straw increased the infiltration rate of water on both DG and un-
cemented fine sand compared to bare soil as indicated by reduced
volume of runoff. Wood fiber, by contrast, increased the volume of
runoff on both soils.

Loam and sandy clay loam soils were much more erodable than
either coarse textured or clay soils but the same mulch relationships
existed. Straw was superior to hydraulic mulch (1,500 1b) on both
slopes. Increasing the rate of hydraulic mulch to 3,000 1bs sometimes
increased its effectiveness. On Yolo loam at 2:1, 3000 1bs of fiber
compared favorably to straw.

Auburn loam was less erodable than other loams. The 3,000 1b of
hydraulic mulch was superior to the 1,500 1b rate at 5:1 and
comparable to 3,000 1b of straw. However, when the slope was
increased to 2:1 straw was much better than the high rate of hydraulic
mulch which was still better than the low rate of hydraulic mulch.

Rates of Straw

Because straw is so effective it is dimportant to choose the
correct rate. In addition to the 3,000 1b tested above, lesser rates
of 1,000 and 2,000 1b were compared on a sandy clay loam soil at 5:1.
Also tested was straw punched into the siope at 8,000 1b/acre, a
commonly used fill-slope treatment in California.
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A1l treatments were very successful, allowing us to extend the
test to six hours, even though this is a very erodable soil. Each
increase in the amount of straw reduced the amount of soil 1lost
(Figure 3).

Straw vs. Fabrics

The most commonly available erosion control fabrics are jute,
excelsior, and a paper strip-synthetic yarn product (Hold/Gro). These
were compared to straw at 3,000 1b/acre, also on a sandy clay loam at
5:1 for six hours.

Straw and jute were the most effective treatments and not
significantly different from each other. Excelsior was less effective
but better than the paper product (Figure 4).

Jute is sometimes used on top of straw for added effectiveness.
This treatment was therefore compared to the other most effective
treatments--straw punched at 8,000 1bs, straw tacked at 3,000 lbs, and
jute alone. Because we expected these treatments to be very effective
the slope was increased to 2:1.

Jute plus straw was the most effective and better than 8,000 1b
of straw which was better than 3,000 1b of straw (Figure 5). Although
jute alone was very effective at 5:1 in the previous test, it grew
progressively worse during this test. It was as effective as 8,000 1b
of straw for over two hours, but then performance deteriorated as soil
washed from beneath the fabric.

DISCUSSION OF RESULTS °

These tests illustrate the importance of soil texture in eroda-
bility and the large differences in the effectiveness of mulch treat-
ments for retaining soil. Also different are the costs of these
treatments. Straw, though consistently the most effective treatment,
is not expensive. At the rate of 3,000 1b/acre it is comparable in
cost to hydraulic mulches at 1500 1b/acre and only 25% of the cost of
installed fabrics (Kay, 1978).

Straw has been largely replaced in California by the currently
popular hydroseeding techniques (hydraulic slurry applications of
seed, fertilizer, mulch fibers, and possibly chemicals). Field and
laboratory tests, such as reported here, consistently illustrate that
straw is superior not only to retain soil but also to increase the
establishment of plants.

The mulich effect of straw can be expected to increase plant num-
bers. Meyer et al. (1971) obtained fescue-bluegrass establishment of
3, 28, and 42% with respective surface straw mulch treatments of 0, 1,
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and 2 tons/acre. Straw has been shown to increase plant establishment
in decomposed granite (Kay, 1974). Seeding the annual grass B]andQ
brome (Bromus mollis) resulted in 7, 6, 26, 35, and 131 seedlings/ft

respectively on the untreated, fiber mulch at 1,000, 2,000, and 3,000
1b/acre, and straw at 2,000 1b/acre on a 2:1 slope. On 1.5:1 the
number of plants were 1, 13, 29, 35, and 131, and at 1:1 slopes 0, 10,
27, 20, and 155. Seed coverage with soil also produces superior
stands when compared to hydraulic applications (Kay, 1979, Packer and
Aldon, 1978). Fertilizer or legume seeding must be applied to compen-
sate for the nitrogen tied up in decomposing the straw.

Size of mulch particles is important because of the mass required
to absorb the energy in the water drops. Even though the hydraulic
mulches provided the most complete ground cover (Table 1) they were
too small to be effective.

Straw length may be important, particularly if it is to be
punched into the soil, in which case longer straw is desirable. New
agricultural practices are resulting in shorter lengths. The flails
used in straw blowers will further shorten straw. The barley straw
used in these tests was about 10 inches, ranging from 1 to 23 inches.

Poor soil contact is a problem with some of the fabrics, and fre-
quently allows erosion to occur from beneath them. A layer of straw
under the fabric will improve this contact (Figure 4).

Missing from these tests are the glue products, some of which may
be expected to be very effective. Among the effective glues are the
plastic types, PVA and SBR. Organic glues are of questionable value
(Kay, 1978). Properly applied, plastics may be as effective as the
best treatments tested here. However, they are expensive and are not
as versatile as straw in that they are not self-healing, having curing
problems, and in California may inhibit seedling establishment.

DISCUSSION OF STRAW PRACTICES

Cereals are a major crop in dry regions of the United States, and
straw left on the site of production is often considered a liability
because its decomposition ties up nitrogen needed for the next crop.
Straw availability should be dincreased by current restrictions on
removing this crop residue by burning in place. Clean grain straw,
free of noxious weeds, is preferred for mulching. The straw can be
expected to contain 0.5 to 5.0% cereal seed by weight, which may
result in considerable plant cover in the first year. This provides
additional erosion protection but may also be prohibitively
competitive with the planted erosion-control or beautification
mixture. Rice straw is sometimes used because neither the rice nor
associated weeds can be expected to grow on most unirrigated disturbed
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Tands. In areas where cereal crops are not common, hay is used but is
normally more expensive than straw. Wild-grass hay may be a valuable
source of native plant material if cut when the seeds are ripe but not
shattered. Both straw and hay are flammable and should be
jncorporated or sprayed with fire-retarding fertilizer (monoammonium
phosphate) if fire is expected to be a problem.

Straw can be applied with specially designed straw blowers or
spread by hand. Commercial mulch spreaders or straw blowers advertise
a capability of up to 15 US tons/hour and distances to 85 ft. The
tength of the applied straw may be important and can be controlled in
most blowers by adjusting or removing the flail chains. Baled straw
may also be relatively long or short, depending on agricultural
practices. Straw to be crimped or punched should be relatively long
to be incorporated into the soil effectively and still leave tufts or
whisker dams. Rice straw is wiry, dirty, does not shatter readily,
and may come out of the blower in 'bird nests'. Blown straw (other
than rice) lies down in closer contact with the soil than hand-spread
straw and is anchored more successfully with a tackifier (substance
sprayed on straw to hold it in place). Wind is a serious limiting
factor in applying straw, though it can be an asset in making
applications downwind. Dust, a problem in urban areas, can be
overcome by injecting water into the airstream used to blow the straw.

The amount of straw to be used will depend on the erodability of
the site (soil type, rainfall, length and steepness of slope), kind of
straw (Grib, 1967), and whether plant growth is to be encouraged.
Increasing rates of straw give increasing protection. Meyer et al.
(1970) show that as 1little as 1,000 1b/acre reduced soil losses by
two-thirds, while 4 tons/acre reduced losses by 95%. Straw to be
crimped is commonly used at 2 tons/acre, while straw punched into fill
slopes in California is at 4 US tons/acre in a split application and
rolling operation (2 tons/acre each). Straw to be held down with a
net should be Timited to 1.5-2 tons/acre if plant growth is important.
Too much straw may smother seedlings by intercepting all light or
forming a physical barrier. Also, some grass straw (notably annual
ryegrass, Lolium multiflorum) may contain inhibitors that have a toxic
effect if used in excess. A good rule of thumb is that some soil
should be visible if plant growth is wanted. Higher rates of straw
may of course still satisfy these requirements if the straws are
vertically oriented (1ike tufts) by crimping or punching.

Straw or hay usually need to be held in place until growth
starts. The problem is wind, not water. Water puddles the soil
around the straw and helps hold it in place. Also, wet straw “"mats
down" and is not easily moved. If the straw covered area can be
irrigated, or if rainfall is imminent, it will not be necessary to
anchor the straw.
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Common methods of holding straw in place are crimping, disking,
or roiling into the soil; covering with a net or wire; or spraying
with a chemical tackifier. Swanson et al. (1967) found similar
protection from prairie hay applied as a loose mulch or anchored with
a disk packer (crimper).

Crimping is accomplished with commercial machines which utilize
blunt notched disks which are forced into the soil by a weighted
tractor-drawn carriage. They will not penetrate hard soils and cannot
be pulled on steep slopes.

Rolling or "punching" is done with a specifically designed
roller. Not satisfactory for incorporating straw is a sheepsfoot
roller, commonly used in soil compaction. Specifications of the
California Department of Transportation contain the following
provisions (State of Calif., 1975): "Roller shall be equipped with
straight studs, made of approximately 7/8 inch steel plate, placed
approximately 8 inches apart, and staggered. The studs shall not be
less than 6 inches long nor more than 6 inches wide and shall be
rounded to prevent withdrawing the straw from the soil. The roller
shall be of such weight as to incorporate the straw sufficiently into
the soil so that the straw will not support combustion, and will have
a uniform surface."

The roller may be tractor-drawn on flat areas or gentle slopes,
whereas on steeper slopes the roller may be lowered by gravity and
raised by a winch in yo-yo fashion, commonly from a flat-bed truck.
Requirements are soil soft enough for the roller teeth to penetrate,
and access to the top of the slope. This is a common treatment on
highway fill slopes in California. It can be used on much steeper
slopes than a crimper. Punched straw may not be as effective as
contour crimped straw, because of the staggered arrangement of tucked
stra? instead of the "whisker dams" made by crimping (Barnett et al.,
1967).

A variety of nets have been used to hold straw in place:
twisted-woven kraft paper, plastic fabric, poultry netting, concrete
reinforcing wire, and even jute. Price and the length of service
required should determine the product used. These should be anchored
at enough points to prevent the net from whipping in the wind, which
rearranges the straw,

Perhaps the most common method of holding straw, particularly in
the eastern U.S., is the use of a tackifier. This method may be used
on relatively steep slopes which have limited access and soil too hard
for crimping or punching. Asphalt emulsion, the tackifier used most
commonly, is applied at 200-500 gal/acre--either over the top of the
straw or applied simultaneously with the straw blowing operation.
Recent tests (Kay, 1978) have shown that 600 gal is superior to 400
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gal. and that 200 gal/acre is not satisfactory. Wood fiber, or new
products used in combination with wood fiber, have been demonstrated
to be equally effective, similar in cost, and environmentally more
acceptable (Table 3). Though wood fiber alone 1is effective as a
short-term tackifier, glue must be added to give protection beyond a
few weeks. Terratack I is a gum derived from guar (Cyamopsis
tetragonoloba). Ecology Controls M Binder is a gum from plantain
(PTantago insularis). The remaining products are emulsions used in
making adhesives, paints, and other products. Increasing the rate/
acre of any of the materials will increase their effectiveness.

Table 3.--Effects of tackifier products on wind stability of barley
straw broadcast at 2,000 1b/acre.

Wind speed (mph at
Fiber Water which 50% of straw

Product Chemical 1b gal was blown away)
None 9
SS-1 asphalt 200 gal 40
SS-1 asphalt 400 gal 80
SS-1 asphalt 600 gal 84
Fiber only 484 47
Fiber only 736 84
Terratack 1 45 qgal 150 750 68
Ecology Control

M-Binder 100 1b 150 700 84
Styrene butadiene cop- :

olymer emulsion (SBR) 60 gal 75 400 84
Polyvinyl acetate (PVA) 100 gal 250 1000 54

Copolymer of methacry-
lates & acrylates 100 gal 250 1000 76
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WETLAND PROTECTION IN THE ROCKY MOUNTAINS

Ronald A. Ryder
Department of Fishery and Wildlife Biology
Colorado State University
Port Collins, Colorado 80523

INTRODUCTION

In the Rocky Mountains, wetlands are variously known as wet
meadows, seeps, riparian habitat, marshes, sloughs, swamps, beaver
ponds, bogs, lakes and reservoirs and even by such European terms as
carrs, fens, moors, and peatlands. Numerous classification systems
have been proposed but the two most often used by wildlifers are the
U.S. Fish and Wildlife Services Circular 39 (Shaw and Fredine 1956)
and the more recent National Wetlands Inventory system by Cowardin et
al. (1979). Officially wetlands are lands where saturation with water
is the dominant factor determining the nature of soil development and
the types of plants and animal communities living in the soil and on
its surface. Although other parts of the United States are much more
important for wetlands (particularly Alaska, the Lake States, northern
prairies, and the Southeast), there is considerable interest in Rocky
Mountain wildlife-wetlands relationships. For example, over 30 theses
have been written at Colorado State University relating to wetlands
wildlife, mainly ducks, geese and beaver but also coots, rails, snipe,
herons, pelicans, and moose. Additional graduate studies concerned
with wetlands have been in botany, geology, forestry, range manage-
ment, watershed management, outdoor recreation and zoology.

Of the 127 million acres of wetlands estimated by the Soil Conser-
vation Service to have been present when our nation was founded, at
least 45 million acres, or over one-third of the total, had been lost
by the mid-1950's (Shaw and Fredine 1956). [Losses have continued in
the 1960's and 1970's (Frayer et al. 1983). 1In this paper I intend to
summarize some of the values of and threats to wetlands in the Rocky
Mountains and discuss some of the more important legislation and other
means of protecting and improving these important natural resources.

VALUES OF WETLANDS

Wetlands have many valuable functions such as: flood conveyance,
barriers to erosion, flood storage and water supply, sediment and
pollution control, fisheries and wildlife habitat, recreation, timber
and forage production, historic and archeological values, education
and research, open space and aesthetics. These have been well enume-
rated and discussed by Kusler (1983), Frayer (1983), Good et al.
(1978), Greeson et al. (1979), Larson (1982), Richardson (1981),
Svedarsky and Crawford (1982), and Weller (1981).

THREATS TO WETLANDS

Man has "battled" wetlands for centuries fearing they harbored
disease, insect pests, human enemies, harmful wildlife and interfered
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with his agriculture, land development and other endeavors. Marshes
have been drained (often with government subsidy) to increase crop and
timber production and to control mosquitos. Wetlands have been
damaged by dredging and stream channelization related to road and
reservoir construction, flood control and, at lower elevations, for
water~-borne transportation. Often the Soil Conservation Service,
Corps of Engineers, and Bureau of Reclamation have advocated wetland
manipulations opposed by the U.S. Fish and Wildlife Service, various
game and fish departments and private conservation organizations.
Marshes and swamps have been filled with solid wastes from cities,
road and bridge construction, utility line rights-of-way, commercial,
residential and industrial developments. Wetlands have been polluted
with a variety of biocides from silvicultural and agricultural activi-
ties as well as from industry. Mining for sand, gravel, coal, peat
and other minerals has eliminated or profoundly altered other wetlands
(Kushler 1983, Darnell 1976, Davis and Brinson 1980, Erickson and
Camougis 1980, Erickson et al. 1980, Hall 1968, Harris 1980, Hawkes
1980, Horwitz 1978, and Weller 1981).

PROTECTION OF WETLANDS

There has been considerable legislation at both federal and state
levels which has evolved in large part to protect wetlands from the
above-mentioned threats. The U.S. Fish and Wildlife Service has
purchased and manages many wetlands as National Wildlife Refuges
largely with so~called Duck Stamp monies authorized by the Migratory
Bird Hunting Stamp Act of 1934 (Horwitz 1978). Most state game and
fish departments have protected other wetlands using monies authorized
by the Pittman-Robertson Act of 1937 (Linduska 1964). The Fish and
Wildlife Coordination Act of 1934, the National Environmental Policy
Act of 1969, the Clean Water Act of 1977 (especially section 404), and
the Endangered Species Act of 1973 have all been invoked at various
times to protect wetlands (Kushler 1983 and Barnett 1982)., Local
zoning regulations have also been utilized (Good et al. 1978). The
Water Bank Program of the U.S. Agricultural Stabilization and
Conservation Service has made funds available to landowners to
maintain, restore, and improve water areas important for migratory
waterfowl nesting and breeding (Fish and Wildlife Service 1980). At
least 31 states now utilize income tax "check-off" monies to manage
nongame wildlife species many of which depend on wetlands (Nongame
Wildlife Association of North America 1983). Many private
organizations such as Ducks Unlimited, National Audubon Society,
National Wildlife Federation and the Nature Conservancy also actively
engage in wetlands protection and management (Linduska 1964).

WAYS OF IMPROVING WETLANDS

Wetlands, if totally protected and unmanaged, normally change by
natural succession to some other climax form of vegetation such as
grassland or forest. Wildlife managers periodically set back succes-
sion of wetlands utilizing many of the factors earlier enumerated as
threats, such as fire, water fluctuations, herbicides, grazing,
plowing and manipulating populations of muskrats and beaver (Ruther-
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ford 1964, Bookhout 1979, Beard 1953, Hall 1968, Hopper 1968, Nelson
1954 and Richardson 1981). Thermal waters can be used to make wet-
lands more available to wintering waterfowl (Ryder 1970). In the high
country of Colorado, "early water" spread on wetlands is important for
maximum waterfowl production (Anderson 1966, Robinson 1971, and
Schroeder et al. 1976). Artificial potholes created by marsh blasting
have also improved duck habitat in Colorado (Hopper 1978). Herbi-
cides, fire and mechanical means have been used to control nuisance
marsh plants such as cattail (Nelson and Dietz 1966) and common reed
(Cross 1983). Rotenone can be used to control overpopulations of carp
which reduce valuable waterfowl food plants (Robel 1961). A wide
variety of artificial nest boxes, structures, and islands have been
used to increase ducks, geese, and other waterbirds (Will and Crawford
1970, Rutherford and Snyder 1983). Techniques for wetland management
are well summarized in Linde (1969), Addy and MacNamara (1948), Ratti
et al., (1982), Scott (1982), Harris and Sauey (1980) and by the
Atlantic Flyway Council (1972).

SUMMARY

Wetlands of the Rocky Mountain area, although limited in- total
acreage, are very valuable for water regulation and wildlife habitat.
A variety of federal, state,and local laws provide protection while
numerous management techniques are available to improve and perpetuate
wetlands.
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Choosing A Reclamation Contractor

D. Michael Barker
Exxon Company, U.S.A.
Grand Junction, Colorado

INTRODUCTION

Many qualified reclamation contractors exist in the western United
States. Hopefully this paper will enable those in the mining or con-
struction industry who are faced with selecting reclamation contractors
to make the right decisions. However, wrong decisions, if properly
managed, can be made to work. This paper does not discuss the
advantages/disadvantages of using contractors for reclamation projects.
It is assumed that the reader has already decided, for any of a number of
reasons, to utilize a contractor to perform the work and is interested in
how to choose the best company for the job.

Many companies have well defined bidding/contracting procedures.
These are usually flexible and one company's policy may resemble the
policies followed by others. Many of the terms in this paper may be
referred to by different names but the intent is usually the same. There
are five basic steps associated with successful contractor selection:

o Preparation of the Request for Proposals

o Selection of Qualified Bidders

e Procedures for Soliciting Proposals

e Reviewing the Proposals

o Awarding the Contract

Preparation of the Request for Proposals

The "Request for Proposals" (RFP) is the instrument used by the owner
to solicit contractor proposals or bids; it is sometimes referred to as
an Invitation for Bids or Bid Package. The RFP should be formal and
comprehensive for the following reasons: 1) it insures that all bidders
receive identical information; 2) it encourages complete and responsive
proposals; 3) proposals are more easily comparable; and 4) it facilitates
the execution of a definitive, mutually acceptable contract.
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A complete RFP consists of five components: an "Invitation Letter",
an "Information to Bidders", a “Contract Form", a "Job Description”, and
"Proposal Forms". '

The Invitation Letter is simply a cover letter transmitting the
Request for Proposals from the owner to the selected bidders.

The Information to Bidders section contains general background infor-
mation on the project and instructs the bidders on how to properly prepare
and submit their proposals. It describes the other RFP documents,
arrangements for site visits, time and place for delivery of proposals,
and identifies a contact person in the owner's organization that is able
to answer any questions bidders may have. This section also requires the
bidders to prepare execution plans, qualification statements, and submit
past experience with similar work.

The Contract Form is a sample contract document that has previously
been reviewed and found acceptable by the owner. It should set forth all
forseeable terms and conditions that must be met by the owner and
contractor during execution of the work.

The Job Description is the section that describes the work to be done,
the procedures for satisfactory completion of the work, and the services
and materials to be provided by the contractor. It serves the same
function as a set of drawings and specifications would serve in a
construction contract. The Job Description ultimately becomes an
attachment to the executed Contract.

The Proposal Forms are used by the bidders to quote their terms, con-
ditions, and prices. If the bidders want to propose alternative methods
for conducting the work, the Proposal Forms should be used to recommend
these exceptions to the RFP. The Proposal Forms are combined with the
Contract Form and Job Description to facilitate contract award.

As the RFP is being completed, the 1ist of prospective bidders should
be prepared.

Selection of Qualified Bidders

The objective of bidder selection is to identify the best qualified
contractors to participate in the bidding competition. For most con-
tracts, a mix of proven competitive bidders and new bidders is preferred.
Experience has shown that new bidders are highly competitive resulting
from a strong desire to break into new business. Proven contractors
provide the security of having performed satisfactorily on previous jobs.

Ideally, all bidders should be prequalified before being invited
to bid. Thus, any bidder submitting the low conditioned bid can be
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recommended for contract award, provided that bidder submits a tech-
nically acceptable proposal. Unfortunately, an adequate and equitable
screening and prequalification program is sometimes difficult to conduct
and may require significant time. Minimizing the number of bidders that
the owner is unfamiliar with will facilitate contract award. It is unfair
to send a Request for Proposals to a bidder that will not be seriously
considered. Excessively large bidder lists may discourage the better
contractors from bidding because they judge their chances of success to be
too low.

Once the RFP is approved and a bidders list is prepared, the RFP is
ready for release.

Procedures for Soliciting Proposals

The RFP should be made available to all bidders at the same time. All
bidders should receive identical RFP's with the same submittal re-
quirements.

A1l communications with the bidders should be channeled through a
single contact named in the Information to Bidders section of the RFP.
Bidders will often have questions concerning the job or bidding pro-
cedures. These questions should be answered quickly and, in some in-
stances, may result in a revision to the RFP.

In addition to revisions resulting from bidders' questions, re-
visions may result from new information, regulatory changes, weather, and
a variety of other causes. Revisions should be minimized. If revisions
are required, all bidders should be notified and the revised documents
sent to all bidders as quickly as possible. '

Since reclamation involves extensive field work, all bidders should
be required to visit the work site. Some owners prefer separate site
visits for each bidder. This writer prefers that all of the potential
contractors attend a common site visit. This insures that each bidder
hears the same questions and comments and sees the same conditions.

The last step in soliciting the proposals is to assure that the
proposals are delivered on or before the due date. This should be done to
reduce the chances of delaying the bid review. The date and time of
proposal receipt should be noted on the unopened proposal by the owner and
documented to insure fair and equal treatment of all bidders.

Reviewing the Proposals

Bid review involves the comparison of many factors. An organized
evaluation process is essential in weighing these factors for each
bidder.
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There is usually significant pressure, once proposals have been
received, to compiete the review and award the contract quickly. Re-
gardless of the complexity of the bid review, prime responsibility for the
overall effort should be assigned to a single individual so that the
review can be properly coordinated.

The personnel required for the bid review team will depend on many
factors, including the scope of work, type of contract, and contract
value. Most reclamation bid review teams are comprised of only two or
three individuals. Each of the review team members should develop a list
of criteria/factors for use in evaluating the proposals. The team leader
must then combine these factors and assign each a relative value before
the bids are opened.

An example proposal review is shown to facilitate this discussion.
The following is a summary of four proposals submitted for a job involving
the propagation and outplanting of over 40,000 containerized plants on
approximately 100 acres. The costs shown are not representative and are
included only as examples. Note that five general factors were used to
evaluate the four proposals used for this example and the relative value
of each has been established by the numbers in the Factor Value column.

Contractor A submitted a bid of $2 million. They proposed using a
small nursery inexperienced in growing containerized stock for recla-
mation plantings. Past work by this contractor was satisfactory but their
execution plan was not entirely complete.

Contractor B submitted a bid for $2.4 million. They proposed using
a small nursery inexperienced in growing containerized stock for recla-
mation plantings. Past work by this contractor was very satisfactory but
their execution plan did not address some important concerns.

Contractor C submitted a bid of $1.5 million. They proposed using a
mid-sized nursery experienced in growing containerized stock for recla-
mation plantings. Past work by this contractor was outstanding and their
execution plan was very thorough. Contractor C proposed an attractive
alternative to the work for $1 million.

Contractor D submitted a bid of $0.9 million. They proposed using a
large nursery experienced in growing containerized stock for reclamation
plantings. Past work by this contractor was very satisfactory and their
execution plan was complete. Contractor D proposed an attractive
alternative to the work for $1 million.

The contractors' proposals are then ranked, recognizing the factors
discussed above. Each contractor's rank for any particular factor is
subjective. The actual rank value is not as critical as the relationships
between the contractors' ranks. For instance, Contractor D is assigned a
rank of 10 for the cost factor, signifying the lowest bid. Contractor D
could have been assigned a rank of 8, provided that the other contractors'
rankings were similarly reduced. Multiplying each factor's value times
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each contractor's rank for that particular factor equals each con-
tractor's score. The addition of the five factor scores equals the
contractor's total score.

In this example, Contractor C's proposed alternative scored the
highest with a total score of 940. Contractor D's proposed alternative
followed closely with a total score of 920. Total scores that are this
close to one another should be considered identical; additional com-
parisons may be needed to make the final determination of the successful
bidder. Based on the above analysis, a recommendation is made to the
owner's management to execute a contract with the bidder that is judged to
be most capable of performing the work satisfactorily and economically.

Awarding the Contract

After management approval of the award recommendation, the final
contract terms are negotiated. These are best handled "across the table".
As issues are resolved with the contractor, the contract documents are
revised by the owner to ensure that the owner's understanding of the
resolution is accurately stated. When all revisions have been agreed to
by the owner and contractor, the contract is typed in final form and then
signed by both parties, concluding the award. A1l unsuccessful bidders
should then be notified in writing.

Summar

This paper outlines a recommended approach to selecting reclamation
contractors. This approach can be easily adopted for other contract work.
An organized process for selecting reclamation contractors expedites the
contracting process, treats bidders impartially, and generally results in
more satisfactory work.
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ECOLOGICAL ASPECTS OF CONTRACTING
SEED COLLECTION, GROWING AND TRANSPLANTING ON THE
GLENWOOD CANYON HIGHWAY PROJECT

Jim Lance
Colorado Department of Highways
District 3 Landscape Architect

Glenwood Canyon, located some 160 miles west of Denver, is a
steep walled, river carved gorge that has served as a transportation
corridor for one hundred years. This is one of two uncompleted sections
of rural Interstate 70 left in Colorado. Because of the "scenic"
designation given to it, Glenwood Canyon has received a design solution
that goes far beyond normal engineering efforts. Along with this has
been the desire to successfully revegetate not only the disturbances
created by this construction, but also to help rehabilitate some of the
0ld scars left from previous roadbuilding efforts.

Due to the rocky nature of the canyon, many of the naturally occur-
ring species simply are not commercially available. Because of these
facts, the Colorado Department of Highways (CDOH) in 1979 tried to
write contractual documents for seed collection of various species to be
used in revegetation. This proved to be much more difficult and involved
than anyone anticipated, because of the little known species being required,
and partly because the standard format and specifications are for construc-
tion jobs of ten thousand to several million dollars, not seed collection
or plant growing. I view the opportunity to present this paper as a
challenge and hope that others may benefit from our "learning experience".

Consultants were retained to perform a vegetation inventory from
within Glenwood Canyon and develop a list of species needed and quantities
desired. This first list of species and quantities was reviewed in house
as well as sent to several companies involved in this sort of work.

They were requested to submit comments and a very preliminary estimate
of costs involved.

Although the industry people were pleased that CDOH was going to
this much effort to revegetate, they did not care for our contract
documents. Comments such as, "We find the idea of daily charges for
late completion unacceptable since they are not standard practice in
industry", and "Many of the species listed will incur more damage in
cleaning than any bacterial degradation and should not be cleaned by
normal standards'". The comment that really got my attention was "I
could give you many examples of very gross problems with many species
if you need further information of such". It seemed from these comments
that maybe we were off the track. It appeared I needed to do some
"homework" and become more involved with these contracts. Although my
background was not as a specification writer, I knew a little bit more
about plants, seeds and the canyon vegetation than the squadleader or
the cost estimator in our Denver office.
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Definition of terms seemed to be a point of contention, and there
were as many opinions of what it should be as there were respomses.
Terms such as ripeness, stratification, method of cleaning and improper
storage were a few of those we tried to define. These are things that
are problems partly because this is a pioneer type contract and partly
because there are no "accepted horticultural practices" for the species
in question. We spent many hours trying to evaluate what American
Nursery Standard Category plants such as Greasewood (Sarcobatus vermiculatus),
Gambel Oak (Quercus gambelli), and Fourwing Saltbrush (Atriplex canescens)
fit into, if any.

More in the ecological aspect were the problems with determining
how much constraint to use when it came to difference in collection
sites. In which states could we collect before there were genetic or
phenological differences in what appeared to be the same plant. Most
of the published data at that time seemed to be oriented to the forestry
industry and conifers. Could or should we apply the same guidelines to
the shrubby decidious plants we were working with? If we allowed col-
lection in Montana, would there by a "day-length problem”" with the seed?
These are the kinds of things various people brought up in our deliber-
ations about these contracts.

The need for very precise wording was pointed out by the fact
that everyone who reviewed the plans thought they must collect all of the
required seed from the north slope of the canyon itself. This was
the first choice, if there was sufficient quantity to make it an
economical site to collect from. However, provision was made to col-
lect from sites of similar environmental conditions in a five state
area. A provision was added that the contractor may purchase seeds
from commercial sources as long as they met the environmental constraints
of:

(a) annual precipitation (10"-20")
(b) elevation - 6,000 feet above sea level (+ 1,000 feet)
(c) states - Colorado, Idaho, Utah, Wyoming, and New Mexico

We felt this would cover most of the seed collection areas. The species
that were grown under these conditions would probably be named varieties
of grasses that have known genetic traits, and their origin would not be
as critical.

One of the most significant changes that was made was to use named
varieties of grasses versus using native stands that were harvested.
The way I understand this is:that a named variety will keep its genetic
qualities intact whether it is grown in North Dakota or New Mexico.
The advantage of this is that it reduces the cost and allows for com-
mercial harvesting. I do not feel there is enough difference between
the existing native stands of Indian Ricegrass (Oryzopsis hymenoides) and
Nezpar Indian Ricegrass (Oryzopsis hymenoides''Nezpar") to destroy the
integrity of the canyon.
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In the original draft contract (that never went to bid), there was
wording to the effect that the seed must be stored in such a manner that
when the seed comes out of storage, it would be stratified and ready to
germinate. This placed an unusual burden on the collector. They needed
to determine what was proper storage for 20 some different species,
and have the facilities to provide that treatment. Most seed collectors
are not set up to offer special seed treatment and storage facilities.
Even the larger wholesalers of seed do not offer pre~germination treat-
ments. This wording was eliminated in subsequent drafts of the contract.
Our stratification is now done by Mother Nature as most of our seeding
is done in the late fall and not expected to germinate until the following
spring.

There was a great deal of evolution that took place between the
first list of species and quantities, and that list as it went to bid.
I found it hard to believe anyone would be able to collect 725 purelive
seed (pls) pounds of Needle-and~Thread Grass (Stipa comata), 590 pls
pounds of Bottlebrush Squirreltail (Sitanion hystrix), or 660 pls pounds
of Galleta (Hilaria jamesii). This is probably the whole western United
States' collection in a good year. At prices ranging from 28-70 dollars/
pls pound, it seemed rather extravagant. Galleta is now being produced
and would not be the problem that it was in 1980.

There were also many changes in the herb/forb list that was generated

originally. After trying my hand at collecting some of these species,

I was convinced that any minor ecological benefit could not be justified
by the costs incurred. One example that comes to mind is Tufted Evening
Primrose (Oenothera caespitosa) at 400 dollars/pls pound, for a plant:
that most people would not see while traveling the highway. I believe

in the use of the herb/forb type plants in our mixtures, but I have a

hard time dealing with these dollar amounts and some of the suggested
species.

I would like to state here that I do not fault the original consul-
tant's recommendations, and that we have all learned a great deal from
going through this process. What would really be sad to me is if we had
not learned anything from this exchange of ideas.

When CDOH finally got the seed collection contract printed, adver-
tised, and let out for bids, the response was interesting. Four or maybe
five companies picked up plans and only two submitted bids. The two
bids were a factor of 2x apart with the Engineers' estimate somewhere in i
the middle.

Since the low bid was so much lower than the estimated cost, the
bidder's bonding company would not bond them. To make a very long story
short, no contract was ever awarded. The most common complaint heard,
concerning this contract, was the companies having to pay their people
according to the Davis-Bacon wage scale. The fact that they had to be
bonded an put up collateral in case of default seemed very objectionable
to most of them also. The manner in which we finally obtained our seed
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was through a purchase order. This proved to be less than desirable

in the end. I received bags of seed that were short on quantity, that
were of questionable identification and could have come from almost
anywhere., This was pretty much conducted on the honor system as far as
knowing where the seed was collected from. Several attempts to contact
the collector proved to be futile. I made appropriate price adjustments
to the contract and had it closed out. Unless you know the collector
you are working with and trust him, I would not recommend this method of
obtaining seed.

Other hindsight items that come to mind concerning the seed collection
contract are: I thought it would be good to stake out the stand of seed
to be harvested for approval. This would make sense only if there were
very large pure stands of certain species. A USGS map was suggested to
show where collection took place for a certain species. This works for
the areas that have been mapped at the small scale. A herbarium speci-
man with the pertinent data may also be a beneficial item. This still
pretty much leaves it on the honor system for the collector to harvest
where it was stated the specimen came ‘from.

Except for a few increases/decreases in quantity, not much changed
in the woody plants portion of the contract. Once a palette of plants
was established, the idea of growing contracts seemed like the next step.
Several meetings had been held prior to this, with interested growers,
to develop the best way to proceed with the problem of contract growing
of plants. It was quickly apparent that we could not rely on the open
market for our plant materials, because the species CDOH needed were
not normally grown, and because of the quantities needed and the
schedule that had to be met. ie(large quantities of fall availability
plants)

New types of problems.developed with the growing contracts. When
entering into long term (3-5 years) growing contract, many things should
be taken into consideration. Especially in the Intermountain West where
weather is such a factor. Drought, spring freeze and many unforeseeables
can affect the grower's ability to produce the desired plants. Because
of the weather, maybe no seed is produced or the seed is of low viability.
Insects can infest the seed or can eat the pods or capsules before they
are ripe. This is when you hope you can scout around and find a pocket
to meet your requirements for the following year. These Acts of God
cannot be used to penalize the grower but they do not allow you to utilize
the plant materials which have been proposed and put into the plans. This
is why you need an "alternate plan B" if at all possible. Things such as
a list of acceptable plant substitutes, growers who may have the substitute
plant species in stock, and a pool of larger or smaller sized plants to
draw from may be viable options.

Since seed crops are very fickle, it may be prudent to collect extra
seed on the years when there are good crops and store it away for future
use. Not all seed will allow you to do this. Know what the limitations are.
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Seeds such as Gambel Oak 1s best when planted immediately after collection.
Winterfat (Eurotia lanata) and Rubber Rabbitbrush (Chrysothamnus

nauseosus) will generally keep for two years before a decline in viability.
Seeds from Saltbrush and Indian Ricegrass may actually germinate better
when held in storage for several years, due to an afterripening process
where the embryo matures fully.

We have had to accept plant materials not meeting the top growth
requirement because of weather and rabbit damage. However, the root
systems were healthy and this may be more important that if a plant has
two caned and a minimum height of eight inches. In late May of 1983, a
snowstorm come out of the Rockies and dumped 6~8 inches of slushy snow
on our plants. The Saskatoon Serviceberry (Amelanchier alnifolia) seemed
to show the most severe response. These plants dropped all their leaves
and returned to budset. It remaind in budset, even with our grower giving
it high nitrogen fertilizer, until September. The plants were only 3-6
inches tall but had 3/8 inch caliper stalks and a good healthy root system.
My best guess is that they may just be some of our best plants by next
year, even though "technically" they did not meet our specificatioms.

I think our grower summed it up pretty well with the statement, "Growing
trees is different from making ball bearings. We can't guarantee that
every one will turn out just right".

One of the biggest problems we have right now is the original schedule
of production is no longer valid. This is due to funding for particular
portions of the highway project not being available when scheduled. There-
fore, we have plants being grown which are salt, drought tolerant types
for the east end which will not be needed for several years. Several
options are available to us: dump them now while they are small and inex~
pensive or overplant areas of high visual impact or repot them into
larger containers. Experience has shown us that the survival rate of
plants decreased proportionately as the size gets larger. We have not
resolved this problem ourselves.

Transplanting in Glenwood Canyon is very difficult due to the extremely
rocky nature of the canyon and poorly defined soil strata. Even in pockets
where some soil exists, it is extremely rocky and difficult to maintain
a ball of soil around plant roots. We have tried two step transplanting
with root pruning as the first step. This was to encourage more fibrous
roots to be produced to hold together better. Although this procedure-
is done in the nursery industry with success, ours was very marginal.

The species we tried it on included Chokecherry (Prunus virginiana), Trumpet
Gooseberry, Ribes leptanthum), and Gambel Oak.

Our grower has been able to lift wilding from some areas in the canyon
successfully. He cuts them back severely and places them in a half shade
situation while nuturing them along. In most cases these develop into
good, usable plants by the following year at a larger size than those
started from seed at the same time. The supply of these is somewhat
limited and takes some searching to find.
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From our experience, I would say study the available literature and
know what is reasonable. Do not expect the industry to change a great
deal to fit your needs. Be as clear and concise in the text as possible;
do not leave much to interpretation. Follow your contract through, from
specification writing to delivery of goods, if at all possible. Keep
good notes; you never know when you may be called upon to present a paper.
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RESPONSES OF SEEDED NATIVE GRASSES TO REPEATED FERTILIZER
APPLICATIONS ON ACIDIC ALPINE MINE SPOILS

Ray W. Brown, Robert S. Johnston, and Jeanne C, Chambers

USDA Forest Service
Intermountain Forest and Range Experiment Station
Forestry Sciences Laboratory
Logan, Utah 84321

INTRODUCTION

One of the main concerns in revegetation is maintaining the level
of soll fertility during the critical phases of plant establishment and
growth to insure adequate production and surface cover., Unfortunately,
in the alpine zone the number of applications and the length of time
that artificial refertilization of the soil is required after seeding or
planting remains unknown. In most revegetation efforts fertilizer is
applied at the time of seeding or planting followed by one additional
application, but rarely is fertilizer re-applied more than once. It is
still not known if repeated applications of fertilizer in the years
following seeding will help establish a more desirable and stable
vegetation cover sooner than would fewer applicatiomns.

Fertilizer increases productivity and cover on most disturbed
alpine sites, but the length of time these attributes are maintained
after the discontinuation of fertilizer is unknown. For alpine
disturbances site productivity and cover changes in floristic
composition after fertilization is discontinued are poorly understood.
If fertilization were continued over a long period a heavy grass sward
would probably be sustained, but the impact of this on the invasion and
establishment of other species has not been studied in the alpine zone.
Perhaps site diversity is being restricted with frequent refertilization
by favoring grasses and inhibiting forbs or other growth forms.
Generally grasses are widely used in revegetation because they respond
well to treatments such as fertilizer, and they tend to provide a rapid
source of ground cover, However, we are still uncertain whether thick
grass swards are desirable on revegetation sites, or if diverse mixtures
of grasses and forbs would be more desirable,

In alpine environments, fertilization studies have not yielded much
usable information. Faust and Nimlos (1968) found that nitrogen exists
primarily in the organic form in Montana alpine surface soils. Cool
summer temperatures restrict microorganism activity in these soils,
resulting in low levels of nitrogen available for plant growth. Plant
nutrients such as nitrogen, phosphorus, and potassium are usually found
to be either low or limiting for plant growth in alpine soils (Lunt
1972, Grubb 1965, Smith 1966, Webber 1974, Retzer 1956). Fertilizer was
found to be useful in several alpine revegetation efforts (Brown and
Johnston (1976, 1978, 1980), but little data are available that quantify
the limits of nutrient deficiencies found prior to revegetation.
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The concepts of alpine revegetation and the impacts of the alpine
environment on revegetation have been described by Johnston et al.
(1975), Brown and Johnston (1976, 1978, 1980), and Marr et al. (1974).
Appreciable success has been achieved in revegetation using techniques
that consume intensive levels of resources on alpine disturbances.
However, the minimum requirements needed to establish a protective plant
cover on disturbed alpine sites are still not known, particularly the
amounts of fertilizer required over time, Industries and most State and
Federal agencies tend to rely on relatively minimal revegetation efforts
in order to satisfy legal and agency regulations, primarily for economic
reasons. It would be highly valuable to know what levels of
refertilization are needed to provide the levels of surface protection
required to meet these regulations,

The primary objective of the present study was to determine how
effective various fertilizer reapplication schedules are for the
development of a protective plant cover on acid mine spoils in the
alpine zone. Also, we wished to determine what role various
reapplictions may have on ultimate species composition, cover, plant
density, and above-and-below ground productivity or standing~crop.

METHODS AND PROCEDURES

The study site 1s located on the MclLaren Mine in the Beartooth
Mountains in southwestern Montana, situated about 5 miles north of Cooke
City. This surface mine has been inactive since about 1952, but the
large spoil piles still contain high concentrations of copper, iron
pyrites, and other heavy metals, The mine is on a highly mineralized
intrusion on a southwestern exposure at 2956 m (9,700 ft.) elevation,
and occupies an area of about 12.5 ha (30 acres). Water draining from
the mine site into the head-waters of the Stillwater River is very
acidic and contains high concentrations of heavy metals, including
copper, iron, aluminum, and others. This toxic drainage not only
seriously impacts the aquatic ecosystem for several miles downstream
from the mine site, but also has destroyed many off-site plant
communities,

In 1976 a 0.7 ha (1.7 ac.) site on the north side of the mine was
selected for a revegetation demonstration area. The spoil piles in this
area were contoured to the same shape and slope as the adjacent
undisturbed landscape. The study site is located on a southwest
exposure with a slope of about 15 percent, and microsite variations are
numerous. For example, a small swale near the center of the area
becomes a late snow-melt pocket that in some years creates quite
different environmental conditions than otherwise exist on the area. 1In
addition, some variation in the characteristics of the spoil material
exists resulting from original placement of spoil piles. The details of
the revegetation methods used were described by Brown and Johnston
(1978), but in general the site was treated in order to raise the spoil
pH from its original level of 3.5 to about 5.5 and to increase water-and
nutrient-holding capacities. Lime and manure, both at the rate of 2,200
kg/ha (2,000 1bs /ac.), and a granular 16-40-5 fertilizer at the rate of
112 kg/ha (100 1lbs/ac.) nitrogen, 280 kg/ha (250 1lbs/ac.) phosphorus,
and 35 kg/ha (21 1bs/ac.) potassium, were incorporated into the upper 15
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cm (6 in.) of the spoil. The area was seeded with a mixture of native
grasses and a single sedge (Table 1) , and then mulched with straw at

the rate of 2,500 kg/ha (2,200 lbs/ac.). The mulch was held in place

with an asphalt emulsion surface tackifier,

Table 1. Summary of species and seeding rates used on the Mclaren Mine
demonstartion area in 1976.

Species Seeding Rates
kg/ha 1bs/ac.

Agropyron scribneri 1.6 1.4
A. trachycaulum 8.6 7.7
Carex paysonis 7.8 6.9
Deschampsia caespitosa 45.2 40.2
Phleum alpinum 5.2 4,6
Poa alpina 12.7 11.3
Trisetum spicatum 1.9 1.7

Total 83.0 73.8

The entire site was refertilized in 1977, 1978, and 1979 using the
same fertilizer and application rate described above. Beginning in 1980
the demonstration area was divided into four approximately equal-sized
subplots. The plots were oriented such that surface runoff and
fertilizer movement between plots would be minimized. Because of slope
orientation and the possibility of fertilizer contamination from one
treatment plot to another it was not possible to employ a more sensitive
statistical design, such as a split-plot layout. In 1979 treatment 1
(the upper subplot) was fertilized for the last time, but the other
three subplots were all refertilized. Then, in 1980 treatment 2 was
given its final fertilizer application, followed by treatment 3 in 1981,
and finally by treatment 4 in 1982 (Table 2). Thus, 1983 was the first
year that no fertilizer was used on the study site.
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Table 2. Summary of re-fertilization treatments on the McLaren Mine
Demonstration Area by year. "X" refers to fertilizer applications.

Treatments
Year 1 2 3 4
1976%* X X X X
1977 X X X X
1978 X X X X
1979 X X X X
1980 X X X
1981 X X
1982 X

* Year of installation

Each treatment was assessed late in the growing season of each year
after the plants had obtained maximum vegetative production (usually
mid-to-late August). The variables measured included: cover (percent
vegetation, litter, cryptogams, and rock), density by species(number of
plants per quadrat), and total above-ground production or standing-~crop.
A total of 15 quadrats, each 0.1 m? (20 x 50 cm), were systematically
located over the area of each treatment. Prior to 1981 above-ground
production was measured by lumping all species, but in 1981 and in all
subsequent years, above-ground production was measured for each species
individually. Beginning in 1979 soil-root cores to a depth of 10 cm (4
in.) were collected from each treatment to assess below-ground biomass.
Soil-root cores were collected with a 10 cm diameter (4 in.) coring tool
from the center of one-half on the clipped quadrats.

The clipped above-ground plant samples were ovendried at 80°C
(176°F) until constant weight was achieved, and then weighed. Roots
from the soil-root cores were separated by washing and screening and
then oven-dried.

In 1982 and 1983 we estimated cover from vertical photographs
collected at the time of sampling in the field. A 35-mm camera was
mounted on a tripod and positioned over each quadrat for each
photograph. Later, the slides were projected onto a grid patterm so
that percent cover of vascular plants, bare ground, rocks larger than 2
mm (0.08 in.) diameter, litter, and cryptogams could be estimated.
Prior to 1982 these estimates were made in the field by ocular estimates
at the time of sampling. These estimates led to some variation by
different workers that could not be re-checked when the data were
analyzed. Hence, it is felt that cover estimates using photographs as
permanent records can be made more accurately,

During the first year of sampling (1977) the assessment was
generally performed visually, but too few numbers of quadrats were
examined over the entire area to be statistically valid. Consequently,
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the data were not analyzed with those of later years and are not
reported here (these data are reported in Brown and Johnston 1978)

A two-way analysis of variance (treatment vs. vear) was used for
each variable to assess the data. The analyses were separated into two
groups, one for the pooled data before treatment differences were
applied (1978 to 1979), and the other for the years after treatments
were imposed.

RESULTS AND DISCUSSION

The results were dramatically different than expected. Generally,
the factors of plant density, cover, and production did not show obvious
increases with repeated applications of fertilizer over time, nor did
they show consistent trends from treatments ! through 4. Also, plant
species composition did not change dramatically for the four treatments
or over time from 1977 to 1983.

A summary of the data (means and standard errors) collected from
the demonstration area from 1978 through 1983 for the four treatments is
presented in Appendix 1,

Cover

A summary of total cover partitioned into percent total vegetation,
litter and cryptogams, rock, and bare ground by treatment and year is
illustrated in Figure la, b, ¢, and d. Generally no strong treatment
effect is noticeable, but treatment 4 (Figure 1ld, receiving the longest
period of refertilization) had a higher percent vegetation cover since
1979 than any other treatment. In general, the average vegetation cover
was greater than about 35 percent (1982 had the least) over the entire
area, whereas in most years it was greater than 50 percent. This is in
contrast to an average vegetation cover of 21.7 percent in 1977 (Brown
and Johnston 1978). It appears that plant cover percent declined from
1978 through 1982, and then increased in 1983. We suspect that local
climatic fluctuations may have been significant in creating this
response because all four treatient areas responded similarly.

Treatment 2 (Figure 1lb, receiving 4 years of refertilization)
consistently showed higher plant cover percentages than treatment 3,
even though the latter area was refertilized an additional year. This
response strongly suggests there were large site differences among the
four treatments that may have been stronger than the refertilization
treatments themselves.

Other components of total cover include the presence of litter,
cryptogams (moss, lichens, and other), and rock greater than 2 mm in
diameter. Litter and cryptogams were lumped together and the percent
cover contributed by them is also illustrated in Figure 1 above
vegetation cover. Generally, these variables do not vary significantly
(p = 0.05) even though the two combined components increased
dramatically in 1981 and 1982. We suspect that the litter and cryptogam
increases in these years were related to the decrease in vegetation
cover witnessed in the same years. As vegetation cover declines, more



COMPARISON OF GROUND COVER COMPONENTS

LITTER &
CRYPTOGAMS ROCK BARE

VEGE TATION

1978 1979 1980 1981 1978 1979 1980 1981 1982 1983
RS YEARS

TREATMENT | TREATMENT 2

100

PERCENT COVER

1978 1979 1980 1981 1982 1978 1979 1980 1981 1982 1983
YEARS YEARS

TREATMENT 3 TREATMENT 4
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litter and cryptogams become visible and are thus included in the total
estimate of cover.

Percent cover provided by rocks greater than 2 mm diameter is
illustrated in Figure 1 above litter and cryptogams. The apparent high
degree of variability in rock cover is suspected to be due to the
fluctuating vegetaticn cover observed over the years. Generally, rock
cover varied from about 2.5 to nearly 14 percent.

Percent bare ground on the study area is summarized by treatment
and years in Figure 1. The percentage of bare ground decreases with
time, and generally the treatment receiving the most fertilizer
(treatment 4, Figure 1d) has less bare ground than other treatments. In
1977 we observed that bare ground was about 29 percent (Brown and
Johnston 1978), but in subsequent years it decreased from about 15 to
less than 5 percent. These data show that fertilizer reapplications may
have a positive effect on site protection, but generally the differences
among treatments are variable and not significant (p = 0.05). The
strongest variable apparently affecting bare ground is time after
seeding. ’

Plant Density

A summary of mean plant density for all species on each treatment
from 1978 to 1983 is illustrated in Figure 2, These data show that
total density (number of plants per square meter) do not vary
significantly with treatment or year (p = 0.05). Total plant density
decreased slightly from 1979 through 1981, and then increased again in
1982 and 1983, but these differences were small. The very high density
shown in treatment 2 for 1980 is an apparent error in the data and
should be considered with caution. We attempted to record the density
of seedlings and mature plants separately that year, hence, some
confusion by crew members may have resulted in large errors. However,
the data from the other treatments do not reflect this in 1980.
Interestingly, the 1977 plant density (Brown and Johnston 1978) was
found to average 399 plants / m?, only slightly higher than that found
in succeeding years.

Generally, the total density on all four treatments is composed of
five species out of the seven originally seeded on the area. All four
treatments had about the same species composition in 1983, regardless of
the fertilizer applications used. These five species, in order of
decreasing density, include: Deschampsia caespitosa, Poa alpina, Phleum
alpinum, Agropyron trachycaulum, and Trisetum spicatum. The other two
species performed poorly: Agropyron scribmeri has never been
encountered, and Carex paysonis has been detected only rarely. Other
species have invaded the area from surrounding plant communities, but
none of them are abundant. Of the five major species on the area, none
shows a significant treatment, time, or interaction effect (p = 0.05).

Above-ground Production (Standing Crop)

Figure 3 summarizes the results of total dry-weight production of
plants in g/m® ( 1 g/m? = 8.9 1lbs/ac = 10 kg/ha) for each treatment by
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year. A similar trend as was noted for vegetation cover was observed
for total vegetation production. Production of shoot material decreased
from 1978 through 1982 and then increased slightly in 1983. Also,
treatment 4 had slightly higher levels of above-ground production than
the other areas, but not in all years. From the study design, one would
expect that treatment 1 would have a lower standing crop than the other
areas following its removal from the refertilization scheme, but from
Figure 3 and the analysis of variance it is evident this response was
not consistently observed. As with the other variables measured on the
area, standing crop appears to be influenced by yearly fluctuations in
climate and site variability more than by the applied fertilizer
treatments.

Although not illustrated, above-~ground standing crop of individual
species (collected from 1981 to 1983 only) shows results similar to
total standing crop. Deschampsia caespitosa had consistently higher
levels of standing crop in all 3 years and on all four treatments than
the other species, comprising about 70 percent of the total production
on all treatments. Poa alpina and Phleum alpinum together usually
comprised between 10 and 20 percent of the total standing crop on the
four treatments, with other species making up the difference. These
figures are not surprising considering the rates of seeding used in 1976
(Table 1). The order of decreasing standing crop for the various
species is almost identical to that shown above for plant density.

Also, treatment 4 had higher levels of standing crop for each species
than other treatments, but these results were highly variable and
statistically insignificant (p = 0.05). Strong shifts in species
production from year to year and on the various treatments are difficult
to explain, but appear to reflect the effects of climate and sampling
procedure,

Of particular concern is the apparent slow rate of change in
species composition on the demonstration area as a whole. We expected
that after seven full growing seasons a shift in total resource
consumption would occur, with later successional species beginning to
invade and compete more vigorously with the early seral species that
were originally seeded on the area. However, it appears that these
early seral species are more firmly established than expected, and that
enrichment of species diversity will require longer periods of time than
anticipated. We may have influenced this pattern by applying high rates
of fertilizer for so many years following seeding, which may have
favored the early seral species over further successional development.

Below—-ground Production (Standing Crop)

Root production for all species is illustrated in Figure 4 for the
four treatments from 1979 to 1983. This quantity was calculated as
g/cm® for the total sample. Root biomass standing crop declined
sharply and steadily from 1979 through 1983. The much higher levels of
production in 1979 are strongly suspected to be an error in sampling,
and should be considered with caution. Only three samples were
collected in each treatment in 1979, whereas eight were collected in
later years. These responses were totally unexpected, but may reflect
the early seral nature of these alpine species., Perhaps most of the
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growth and development of these species is directed toward shoot and
reproductive tissues as maturation is reached rather than firm deep root

systems.

Perhaps the most disturbing aspect about these data is that root
biomass, considered as a factor of site protection, is declining while
total cover and above~ground production is either stabilizing or
increasing. Soil stabilization is a primary concern in revegetation,
but these data indicate that it may be jeopardized at the expense of
shoot growth and cover. Whether shoot growth and cover alone are
sufficient to provide site stabilization in the long-term is still not
known.

Sources of Error

The analyses of variance tests show significant differences among
treatments for the variables studied (p = 0.05) for data collected
before treatment differences were applied, but not necessarily for data
after treatment refertilizations were begun. These results strongly
indicate that site conditions are significantly different and that
these differences masked the effects of the fertilizer treatments.

Also, the data appear to indicate strong variability in climatic
conditions from year to year on the study area., When the data from any
one treatment are examined over time, the variations in response are
sufficiently great to suspect that precipitation, snowpack accumulation,
and perhaps temperature during the growing season may influence them
more than did the fertilizer treatments.

0f additional concern is the original study design that was

intended to display the effects of continued refertilization. We may
have waited too long after seeding (3 years) to initiate the treatments,
Had the treatments been implemented in the second year after seeding,
perhaps the results would have been more firmly established. We suspect
that after three growing seasons the plants in all treatments were so
well established that site differences and climatic variation had more
effect on plant responses than any further fertilizer manipulations.

Also, we are concerned that a poor choice of fertilizer type was
made in the beginning of the study. The 16-40-5 fertilizer used may
have not been suitable to show marked differences in such factors as
plant density, cover, and production. We feel that additional research
is needed to clarify the types of fertilizer best suited for alpine
plants, its application rate, and how frequently reapplications are
needed to establish suitable levels of site protection and enhancement
of successional development.

CONCLUSIONS
The data from this study show that site differences among the four

treatment areas were sufficiently large that they masked any effect of
the fertilizer treatments. Also, they suggest that climatic variables
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differ significantly from year to year and have a profound effect on
species growth responses that may also help mask treatment effects.
Observations of similar vegetation characteristics on adjacent reference
areas in this and other alpine plant communities, suggest that large
variation occurs routinely in plant growth responses in the alpine zone.
A third possible source of variation may stem from the sampling
procedure and its application from year to year. Extreme care is
required not only to insure a large statistical sample, but also to
insure that each sample unit is precisely collected.

Based on these data it appears that long-~term refertilization of
revegetation areas on acid spoils in the alpine zone is unwarranted.
Cover, plant density, and production after the third growing season
appeared to change more in response to site and climatic variables than
to fertilizer.

Of concern relative to the practical application of these results
are the apparent effects of local climatic variations on bonding
restrictions imposed by State and Federal regulatory agencies. Severe
climatic conditions appear to have large impacts on vegetation responses
in some years, which may unfairly influence the interpretation of bond
release policies. Even though the MclLaren Mine demonstration area is
deemed to be a highly successful revegetation effort, there are years
when conditions are harsh enough to cast doubt on its stability,
However, in other years the vegetation responses are more favorable, and
site stability appears to be solidly established. Because we do not
have the solution to this anomaly, we feel further research is needed.

The choice of fertilizer used in revegetation areas in the alpine
zone appears to require more research. The influence that nutrients
have on native alpine species is virtually unknown, particularly under
field conditions on acid spoils. 1In addition, the role played by plant
succession in revegetation is poorly understood. The primary objectives
of revegetation, namely maximizing production and surface cover, are
contrary to successional development. High seeding rates and heavy
applications of fertilizer may tend to produce closed communities that
resist further successional development and enrichment of species
diversity. This may be particularly true in alpine environments where
seedling establishment is a relatively rare event requiring specific
conditions. Obviously, additional research is needed to enhance our
knowledge of alpine revegetation.
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Summary of means (left) and standard errors (right) of revegetation data

for the McLaren Mine Demonstration Area by treatment and year. See Table 2 for

explanation of treatments.

Year Variables
1978 Cover: Percent
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Examination of Plant Successional Stages in Disturbed Alpine Ecosystems:
A Method of Selecting Revegetation Species

Jeanne C. Chambers, Ray W. Brown, and Robert S. Johnston

Intermountain Forest and Range Experiment Station, Forestry Sciences
Laboratory, 860 North 12th East, Logan, UT 84321

INTRODUCTION

A limited number of plant species have been successfully used for
revegetation of alpine disturbances (Brown et al., 1978). Information
concerning such plant materials is becoming increasingly important as
demands on alpine ecosystems accelerate. An examination of the successional
processes in these ecosystems can provide crucial insight into the
selection of species for revegetation. Only a limited pool of species
adapted to the extreme environment exists, and species used in alpine
revegetation must necessarily be members of that pool (Eaman, 1974). The
alpine flora includes few annuals (Bliss, 1962), and seldom are species
successfully introduced from more temperate ecosystems (Eaman, 1974). Our
concern here is with species that are capable of long-term survival and
reproduction in alpine ecosystems. Therefore, our focus is on native
alpine species.

We define succession as a change in species composition, or proportion
of species on a plot of ground, over time following a disturbance
(MacMahon, 1980). 1In alpine succession, early colonizing species are also
members of the climax community. This type of succession has been termed
autosuccession (Muller, 1952) or autogenesis. However, distinct seral
stages do exist on wmost disturbed alpine sites, (Churchill and Hanson,
1958; Bliss, 1962), and early seral dominants are most often graminoids,
although several species of the Brassicaceae and Asteraceae also appear in
early seral stages (Webber and Ives, 1978). Succession in alpine
ecosystems follows the same processes as those observed in more temperate
ecosystems, only the changes in species and life form following disturbance
are less apparent (MacMahon, 1981). MacMahon (1981) has suggested that
Clements (1916) correctly categorized the major successional processes
exbibited in ecosystems. Clements described the development of a "climax
formation" through secondary succession as beginning with the "initiation"
of a site. The processes involved depend upon the type of disturbances
(nudation), the propagules remaining in the soil following disturbance, the
colonizers that reach the site (migration), the success of the propagules
and colonizers in establishment and growth (ecesis), and the alteration of
the abiotic environment by these individuals (reaction). Clements further
suggested that a "continuation" phase exists in which species compete with
one another (competition) and that this results in an additional alteration
of the environment. The end result of the process, the climax stage,
occurs when the species on the site arrive at an equilibrium among
themselves and with the environment,
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The time required for the completion of succession in alpine
ecosystems 1is largely dependent upon the type and size of disturbance. Om
25- to 30-year=-old nomphytotoxic disturbances in the Beartooth Mountains in
Montana, successional processes range from active colonization to
competition and closure of the site to new species.

Disturbances in numerous alpine areas have led us to believe that
early colonizer species have many characteristics that are desirable for
revegetation: they often exhibit an obvious ability to establish and grow
on harsh phytotoxic sites; they frequently have large ecological
amplitudes; and they are distributed over wide geographic areas. Of
course, late colonizing species also have desirable characteristics for
revegetation, but the desirable characteristics of the early colonizing
specles are iwmediately apparent because of their occurrence on distured
sites. The frequency of occurrence and the abundance of early colonizers
on disturbed sites suggest adaptations for reaching and/or surviving on
disturbances that late colonizers may lack. This could involve any
combination of several factors that are typical of early colonizers: (1)
large and/or more consistent seed production; (2) effective seed
dissemination; (3) high germination percentages; and (4) large tolerance
limits for seedling establishment on disturbed sites (Harper, 1977).

White (1979) suggested that disturbances are frequently occurring
events in all ecosystems and that floras have numerous disturbance-adapted
species. Specialization for a certain seral stage following a disturbance
may bave an important role in species-isolating mechaniswms and may give
rise to characteristic species compositions for individual seral stages
(Loucks, 1970; White 1979). Commonly occurring disturbances in alpine
areas include cryopedogenic movement and frost heave, windstorms,
temperature fluctuations, precipitation variability, and biotic disturbance
(MacMahon, 1981; White, 1979). It is not surprising, therefore, to find a
large number of disturbance~adapted species in alpine ecosystems.

Four unreclaimed alpine disturbed sites in the Beartooth Mountains of
Montana were examined to identify the early colonizer species. We
addressed three specific questions. Which species occurred consistently on
all of the disturbed sites? Which species exhibited the greatest
abundances on the disturbed sites? Which species occurred infrequently on
the disturbed sites?

METHODS

Site Description

The four study sites selected had been disturbed 20 to 30 years
previously, and represented a range in elevation, disturbance type, and
geologic material (Fig. 1). The environmental characteristics of each
site are summarized in Table 1. The McLaren Mine site, a severe mining
disturbance in the upper subalpine zone, is on an intrusion of pyritic
materials high in heavy metals and related chemical constituents. The
Goose Lake site, similar geologically to the McLaren Mine, is also a mining
disturbance, but is slightly higher in elevation than the McLaren site and
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Figure 1. Location of study sites.
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Table 1. Summary of Environmental Characteristics of the Four Study Sites

Elevation Vegetation

Site £t (m) Soil type type Exposure

McLaren Mine 9,700 ft clay loam subalpine SW

(2,956 m) pH = 2.5-4.0 grass-forb
krummholz

Goose Lake 10,000 ft clay loam alpine SE
(3,047 m) pH = 2.5-4.0 forb-sedge~grass

Iron Mountain 10,000 ft silt loam alpine SW-E
(3,047 w) pH = 4.5-6.0 forb-sedge-grass

Beartooth Pass 10,350 ft gsandy loam alpine N-E

(3,155 m) pH = 4.5-6.5 forb-sedge-grass

is located in the true alpine zome. The Iron Mountain site is a wining
disturbance in the alpine zome on a concentrated metal intrusion of
nonpyritic materials that do not produce acid spoils. The Beartooth Pass
site resulted from bighway construction and is representative of
disturbances in granitic waterials in true alpine ecosystems. This site is
characterized by gravelly subsoils that, when disturbed, exhibit lower
nutrient and water-holding capacities than the soil of che area.

Sampling Methods

A complete list of colonizer species was compiled for each site.
Initial speciles identification was made using Hitchcock and Cronquist
(1973) as a reference. Voucher specimens of each species were collected
and verified in the Intermountain Herbarium at Utab State University.

Estimates of relative abundance were made for each species by
classifying them on a ranked scale from 1 to 3 (1 = rare, 2 = common, 3 =
abundant). Altbough subjective, this scheme provided a rapid and
reasonably quantitative method of deterwining the frequency expected for
each species on each site. The species lists and estimated abundances for
all sites were compiled from 1976 to 1980. The observations of individual
species, therefore, were independent of yearly climatic fluctuation.

Data Analysis

Hierarchical cluster amalysis of the ordinal or ranked species
abundance data was used to determine species relationships between the four
sites (Table 2). Average Euclidean distance, a dissimilarity coefficient,
was used to compute the resemblance matrix, and clustering was performed
using the "unweighted pair-group method using arithmetic averages" (UPGMA)
(Sneath and Sokal, 1973). CLUSTAR and CLUSTID, computer programs for
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Table 2., Cluster analysis of ranked relative abundance of colonizer
species on four alpine disturances in the Beartooth Mountains

(0 = absent, 1 = rare, 2 =

common,

abundant).

determined using Euclidean distance, a dissimilarity

coefficient, and UPGMA,

Species

Carex paysonis Clokey
Deschampsia caespitosa (L.) Beauv
Sibbaldia procumbens L.

Draba spp.

Trisetum spicatum (L.) Richter
Polygonum bistortoides Pursh
Potentilla diversifolia Lehm.
Antennaria spp.

Poa alpina L.

Phleum alpinum L.

Carex phaeocephala Piper
Arenaria obtusiloba (Rydb.) Fern.
Senecio fremontii T. & G.

Arabis spp.

Veronica wormskjoldii Roem. & Schult.

Achillea millefolium L.

Solidago multiradiata Ait.

Taraxacum spp.

Oxyria digyna (L.) Hill

Erigeron spp.

Aster alpigenus (T. & G.) A. Gray

Luzula spicata (L.) DC.

Carex nigricans C.A. Meyer

Juncus drummondii E. Meyer

Epilobium alpinum L.

Poa fendleriana (Steudel) Vasey

Arenaria rubella (Wablenb.) J. E.
Smith

Carex pyrenaica Wahlenb

Carex haydeniana Olney

Hieracium gracile Hook.

Agropyron scribneri Vasey

Silene acaulis L.

Agoseris glauca (Pursh) Raf.

Smelowskia calycina (Steph.) C.A.
Meyer

Arnica longifolia D. C. Eaton

Mertensia alpina (Torr.) G. Don

Senecio canus Hook.

Poa secunda Presl.

Geum rossii (R. Br.) Ser.

Androsace septentrionalis L.

Erigeron simplex Greene

Erigeron peregrinus (Pursh) Greene

McLaren
Mine
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Species

Pinus albicaulis Engelm.

Juncus mertensianus Bong.

Luzula parviflora (Ehrh.) Desv,

Cearastium beeringianum Cham. &
Schlecht.

Senecio crassulus A, Gray

Senecio triangularis Hook.

Epilobium angustifolium L.

Poa nervosa (Hook.) Vasey -

Polygonum douglasii Greene

Rumex paucifolius Nutt.

Spraguea umbellata Torr.

Lomatium cous (Wats.) Coult. & Rose

Stellaria longipes Goldie

Carex microptera Mack.

Oxytropis campestris (L.) DC.

Trifolium parryi A. Gray

Polemonium pulcherrimum Hook.

Phlox spp.

Carex albonigra Mack.

Carex scirpoidea Michx.,

Lupinus argenteus Pursh

Calamagrostis purpurascens R. Br.

Arnica latifolia Bong.

Arnica rydbergii Greene

Descurainia richardsonii (Sweet)
Schulz

Phyllodoce empetriformis (SW.) D. Don

Vaccinium scoparium Leiberg

Pbacelia sericea (Grah.) A. Gray

Abies lasiocarpa (Hook.) Nutt.

Bromus inermis Leyss.

Deschampsia atropurpurea (Wahl.)
Scheele

Poa compressa L.

Poa reflexa Vasey & Scribn.,

Salix arctica Hook.

Salix monticola Bebb.

Bupleurum americanum Coult, & Rose

Artemisia scopulorum Gray

Agropyron trachycaulum (Link) Malte

Poa pattersonii Vasey

Poa rupicola Nash

Polemonium viscosum Nutt.,

Lewisia pygmaea (Gray) Robins

Castilleja pulchella Rydb.

Erigeron compositus Pursh

Lloydia serotina (L.) Sweet

Poa interior Rydb.

Dryas octopetala L.

McLaren Goose
Mine Lake

1

3

3
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bierarchical cluster analysis, were used for all computatioms (Marshall and
Romesburg, 1981). Final ordering of the data was performed manually and is
from highest to lowest abundance and from maximum to winimum similarity
between sites.

RESULTS AND DISCUSSION

Ordering of the colonizer species according to their relative
abundance and frequency of occurrence on the four disturbed sites (Table 2)
allows a generalized interpretation of the types of adaptations of the
individual species and of their successional role. Species that occurred
on three or four sites, with an abundance rating of "common" on two or more
of those sites, have many of the attributes classically ascribed to early
colonizer species, including a wide geographic distribution and large
ecological amplitude. Carex paysonis, Deschampsia caespitosa, and
Sibbaldia procumbens are examples. Species that occurred on two sites with
similar edaphic or environmental characteristics way bave similar growth
requirements or tolerance limits. For example, species that occur on both
the McLaren Mine and Goose Lake sites may exhibit a tolerance to acidic
soils. Similarly, species that occur only on the Beartooth Pass and Iron
Mountain sites may not be able to tolerate acidic soils. Species found on
only one or even two sites may also require the specific edaphic or
environmental conditions that exist on that site. However, an altermative
explanation is that these species represent differences in the vegetation
types that surround individual disturbed sites. The McLaren Mine, for
example, consists of a transition zone between subalpine and alpine
ecosystems, and many of the colonizer species, such as Arnica latifolia and
Vaccinium scoparium are subalpine in origin. These species, therefore, are
not found on the other three disturbances that are true alpine sites,

In interpreting species occurrences on disturbed sites, it should be
remembered that a species' or an individual's presence on a site is
dependent oun the ability of the propagules to reach the site and on the
ability of the propagules to establish and survive. The ability of the
rarer species in a flora to reach a disturbed site is often dependent upon
chance, and the presence of a species on a site may not be a functiom of
its ability to survive on the site but of its propagules to reach the site.

Based on this study, it appears that certain species occur
consistently and in relatively high abundances on alpine disturbed sites.
Johnson and Billings (1962) found many of these species to be persistent 1if
relatively winor components of late successional alpine ecosystems in the
Beartooth Mountains. This first category, then, we propose to call early
seral dominants. This includeds all of the species that occurred in
relatively high abundance on three or four of the disturbed study sites.
The most obvious examples of this category include Carex paysonis,
Deschampsia caespitosa, Sibbaldia procumbens, Trisetum spicatum, Polygonum
bistortoides, and Potentilla diversifolia.

Late seral dominants, the second category, are those species that
comprise a major component of late successional ecosystems but that also
occur as colonizing species on disturbed sites. Late seral dominants are
most often colonizers on sites that have the proper edaphic characteristics
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and that are close to the seed source. Examples of late seral dominants
are Geum rossii and Artemisia scopulorum.

Species that are a rare, but persistent, component of late
successional ecosystems and that occasionally exist as colonizers on
disturbed sites, we classify simply as rare. The majority of the species
on the bottomw of Table 2 could be placed in this third category.

A few notable exceptions to these three proposed categories exist.
Deschampsia caespitosa has been described here as an early seral dominant.
However, Johnson and Billings (1962) found it to be the major component of
the Deschampsia meadow vegetation type. Depending upon the individual
ecosystem, D. caespitoa may exist either as an early or late seral
dominant. A second exception is those species that inhabit extremely harsh
sites. All alpine species are adapted to low temperatures, but those found
on ridges and open fell-fields exhibit even higher tolerances to drought
and low temperature (Billings and Mooney, 1968). On sites that have these
conditions, only a few species can survive, and there is no species
replacement over time (del Moral, 1983).

Classification of species as early or late seral dominants or rare
greatly facilitates a discussion of the use of alpine species for
revegetation. Use of the three successional categories involves
interpretation of the characteristics of the species in each category and
of the type of disturbance to be revegetated. Early seral dowminant species
are probably better suited to more types of disturbances than either late
seral dominant or rare species because of their large ecological amplitude
and widespread geographic distribution. Establishment trials and
revegetation efforts have concentrated on early seral dominants (Brown et
al., 1978; Brown and Jobustonm, 1979; Selner and King, 1977). Early seral
dominant grasses (D. caespitosa, T. spicatum, Poa alpina, Phleum alpinum)
bave been successfully used in revegetation trials om all disturbed sites
in this study (Brown and Johnston, unpublished data). However, depending
upon the management goals for a particular area, late seral dominant and
rare species are potentially valuable revegetation species. Inclusion of
these species in the seed wixture may increase both the species diversity
and structural diversity of a site. It may also be possible to accelerate
the rate of succession on a revegetated site that includes late seral
dominants and rare species,

Only a small number of late seral dominant and rare species have been
evaluated in actual alpine revegetation trials. That these species usually
occur in low abundances on disturbed sites and in localized areas suggests
that their use may be restricted to specific edapbhic or environmental
conditions. Late seral dominants and rare species potentially could be
used on those types of disturbed sites where they have been observed to
establish as early colonizers.

Until we have more specific information about the ability of late
colonizer and rare species to establish on phytotoxic and/or acidic spoil
and to respond to standard revegetation treatments, early seral dominants
will most frequently be the best choice for revegetation. However, certain
early seral dominants may have specific requirements for establishment.

For example, Carex paysonis, a bighly abundant early seral domiunant
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requires light for germination and can not be established using standard
revegetation procedures in which the seeds are buried bemeath the soil

surface (Haggas et al., 1983).
RESEARCH NEEDS

An assessment of species occurrences on disturbed alpine sites is an
initial step in the selection of species for alpine revegetation.
Revegetation research is still needed on early seral dominant forbs and
late seral dominant species. Specifically, ease of establishment,
tolerance limits for various types of disturbances, and ecological
amplitudes of the different types of species need to be determined. Once
this information has been obtained, the interactions of the species when
planted in mixtures will need to be examined.

Increasing our knowledge of the characteristics of individual species
and of species interactions could help us select the optimal wixture of
species for reclaiwing specific types of disturbances. It could also help
us increase species diversity in alpine revegetation efforts, and possibly,
enhance natural successional processes.
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ASPEN MANAGEMENT ON THE NATIONAL FORESTS IN COLORADO

Larry 0. Gadt,

Group Leader - Silviculture
USDA Forest Service
Rocky Mountain Region
Lakewood, Colorado

Aspen (Populus tremuloides Michx.) is the most widely distributed tree
species in North America (Folwells, 1965). Throughout its natural range,
aspen grows under a wide variety of climatic conditions and occurs on a
great variety of sites. In the East, its distribution is relatively
continous; in the West it is discontinous and is restricted to relatively
moist sites on mountains and high plateaus. On most sites throughout

jts natural range aspen is considered as seral to conifers. It is a
pioneer species that invades sites that have been drastically disturbed,
such as after fire or clearcutting. Maximum biomass production usually
occurs between 50 and 100 years after stand establishment (DeByle, 1981).
Aspen grows very rapidly and is considered to be mature at 70 to 100
years in the Lake States (Perala, 1977) and at slightly older ages in

the West. If left undisturbed, these aspen stands will be replaced by
longer-lived and more stable plant communities (DeByle, 1981). In the
West, seral aspen stands may be replaced by conifers beginning as early
as 50 to 120 years after initial stand establishment. Some stands of
aspen in the West are considered to be stable. In these stands, aspen
will regenerate itself through more than one generation. A few stands
are considered to be decadent, and aspen in these stands will not regenerate
itself nor be replaced by conifers, but will be replaced by brush, forbs,
or grasses (Harnis, 1981).

In the West, aspen stands can be managed for multiple-uses including forage,
recreation, water, wildlife habijtat, and wood (DeByle, 1981). Succession

of all aspen stands to conifers is undesirable because the aspen contribute
significantly to species diversity. The interconnected root systems of
aspen clones help stabilize the soil and reduce erosion. Because they

are less susceptible to fire damage than conifers they form natural
firebreaks in extensive conifer forests. New aspen shoots are a nutritious
food source for big game, as well as, nongame wildlife species. Diversity
of wildlife is ensured with aspen as a component of the forests and over

100 species of vertebrate wildlife species utilize the aspen for feeding,
nesting, and cover during some time of the year (Shields, 1981). Vegetation
under aspen stands provides valuable forage for cattle and sheep and six
times more forage is produced in an aspen stand than in a mixed conifer
stand. The aspen also provide numerous opportunities for recreation,

and the esthetic value is extremely important to both Coloradans and the
visitor alike.

In the Rocky Mountains aspen is not currently being utilized to a great
extent as a wood source. Most management of aspen in this area emphasizes
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esthetics, forage production, recreation, and wildlife (Shepperd and
Engelby, 1983). Effective management of the aspen resource in Colorado

for all of these uses has been prevented because of tradition, the relative
low dollar value of its wood products, its inaccessability in many areas,
and because of the relative lack of markets for aspen products.

PRESENT SITUATION

The Rocky Mountain aspen forest cover type occupies about 4 million

acres of commercial forest land in eight Rocky Mountains states (Shepperd
and Engelby, 1983). About 2 million acres of aspen currently exist on
nonwilderness National Forest lands in Colorado and Wyoming (Table 1).

Of this total only three percent (67,273 acres) occurs in Wyoming, while

97 percent (1,929,412 acres) occurs in Colorado. About 28 percent of

the aspen in Colorado occurs on the National Forests on the front range
while 72 percent is found on west slope Forests. The Arapaho and Roosevelt
National Forests on the front range has the fewest acres (91,378) and
lowest percentage (5 percent) of forest lands in aspen. In comparison,

the Grand Mesa, Uncompahgre, and Gunnison National Forests on the west
slope have the greatest acreage (629,453 acres) in aspen. Table 1 shows

a preponderance (42 percent) of 80 to 160 year old aspen on the National
Forests in Colorado. The majority of these stands are considered to be
seral, but until research by the Rocky Mountain Forest and Range Experiment
Station on habitat classification (Hoffman and Alexander, 1983) has been
completed we will not know the percentage of aspen stands that are seral,
climax, or decadent.

Because of the abundance of seral aspen stands in the mature to overmature
age classes, many of these stands are in need of treatment if they are to
be retained in aspen and to increase the age distribution of the aspen
stands. Ultimately, the acreage of aspen desired in each age class will
be determined by individual Forest land management objectives.

As a typical aspen stand develops, its shade will inhibit new aspen shoots
from developing. Generally aspen is intolerant of shade and requires

full sunlight to grow. Shady conditions, however, are favorable to fir
and spruce development and these conifers often become established under
the aspen and take over when the existing aspen shoots die. Although
aspen occassionally reproduces by natural seeding, Rocky Mountain aspen
reproduces almost exclusively by suckering, whereby a number of stems are
reproduced asexually by sprouting from a single parent root system to form
a clone (Shepperd and Engelby, 1983). This usually happens when the
original parent shoots are destroyed which usually occurs as a result of
fires or cutting. When a portion of the shoots in a clone are destroyed,
the root system will support the remaining portion of the shoots.
Regeneration of the destroyed portion of the clone will be much less

than if the entire clone had been destroyed. Consequently, when aspen



227

Table 1 - Aspen on National Forest Lands in Colorado and Wyoming

(Nonwilderness lands)

Average Average Colorado Wyoming CO and WY
Tree Size Age Total Total Totai
(inches, DBH) (years) (acres) (acres) (acres)

1-5 10 - 80 338,713 31,500 370,213

5-9 60 - 120 768,007 16,504 784,511

9+ 80 - 160 822,692 19,269 841,961

TOTAL 1,929,412 67,273 1,996,685
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are to be regenerated they are usually treated by clearcutting or fire
to regenerate the entire clone or stand of aspen.

National Forsts in the Rocky Mountain Region have been treating between
1500 and 2000 acres of aspen annually for the last 5-10 years. These
treatments have yielded about 9 million board feet of forest products
annually. Most of the treatment has been on the San Juan National Forest
through commercial timber sales. Since 1948, the San Juan has cut aspen
regularly and studies of aspen regeneration on two-to 20-acre clearcut
blocks have indicated that sprouting was adequate to perpetuate the

aspen (Crouch, 1983). The remainder of the treatments have been carried
out on other National Forests and these treatments have been accomplished
through timber sales, firewood, and wildlife programs.

Aspen can be used for a wide variety of products such as lumber, veneer,
paneling, and pulp. In Colorado, however, where the aspen is generally
less than nine inches in diameter at breast height, aspen markets have
been relatively small in scale and specialize in small wood products
such as match sticks, excelsior, and shakes. Although the uses of apsen
from Colorado are restricted by the size, decay rate, and high moisture
content of the tree, new uses are constantly being developed, including
waferboard.

In 1983, the Louisiana-Pacific Company announced that it was interested
in developing a commercial outlet for waferboard constructed from aspen
and wood waste from conventional sawmills. Development of this market
would provide the opportunity to accomplish part of our land management
objectives relative to managing stands of aspen.

FUTURE MANAGEMENT

The Rocky Mountain Region of the USDA Forest Service will be expanding its
aspen program five to six fold, beginning in fiscal year 1984. This will
result in the treatment of 10-12 thousand acres and a volume of aspen
timber offered of approximately 70 million board feet annually. Most of
these activities will be accomplished through the commercial timber sale
program. The Louisiana-Pacific Company is currently building a waferboard
plant at Kremmling and is planning on construction of another plant at
Otathe, Colorado, in the near future. Each plant may utilize up to 25-30
million board feet of aspen annually in the production of waferboard.
Because of these needs, it is anticipated that Loujsiana-Pacific will
compete for timber sales offering aspen. The Rocky Mountain Region's
expansion of aspen sales will be located primarily on the Routt, Grand
Mesa, Uncompahgre, and Gunnison National Forests. These are the Forests
that have the greatest acreages of aspen (Table 1) and are most in need

of treatment. There will also be additional opportunities to treat aspen
on these and other National Forests through our firewood and wildlife
programs.
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The increased market for aspen that will be provided by Louisiana-Pacific
is not being utilized solely to increase our timber sales, but as an
opportunity to increase our treatment of aspen on a more efficient and
economically sound basis. The aspen on National Forests in Colorado

will continue to be managed for multiple-use purposes including forage,
recreation, water, wildlife, and wood. Our field experience and research
conducted by the Rocky Mountain Forest Experiment Station has indicated

that we can manage aspen with a minimum of adverse effects and provide
benefits to all of these resources.
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