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ALPINE RESTORATION ON COLORADO’S 14ERS
Treatments and Guidelines

INTRODUCTION AND BACKGROUND
Colorado’s alpine ecosystem has long been recognized as an icon of our State’s beauty and
recreational splendor. Yet while our diminutive alpine flora thrives in one of Colorado’s most
rugged environments, many of our alpine plants are highly susceptible to degradation from
recreation, climate change, and other human impacts. Recognizing the aesthetic, wildlife, and
watershed values our fragile alpine ecosystem, and the tremendous amount of time it takes for
natural successional processes to restore disturbed alpine areas, it is a fundamental goal of the
Colorado Fourteeners Initiative (CFI) to actively restore degraded conditions caused by 14er
recreation. This guide is a source of restoration treatments, tasks, and guidelines, which are
derived from a combination of institutional knowledge and academic findings on the subject of
restoration ecology.

Goals of Ecological Restoration on 14ers
The following goals are general to most 14er restoration projects. Depending on the nature of the
project, site-specific goals and objectives may also be developed. Typical 14er restoration goals
include:
• Protect and enhance species diversity;
• Protect and improve water quality;
• Improve landscape and recreation aesthetics.

Three Levels of Restoration on 14ers
Depending on the level of ecological disturbance, location of the disturbance (i.e., closed social
trail highly visible from a system trail), resources available, and project goals, the intensity/level
of restoration efforts necessary to meet restoration goals will vary. The following three levels of
restoration, and their commensurate goals and treatments, are provided as an overview. In
reality, each project is unique, requiring a site-specific approach. As such, a combination of
restoration levels will likely be applied to different trail segments of a given mountain.
Passive restoration. Common goals include keeping hikers off the closed trail and restoring plant
community composition. Standard treatments include signage and/or disguising only the portion
of the social trail visible from the system trail. This level assumes natural successional processes
will be adequate to restore the disturbed area over time.
Erosion control and revegetation. Common goals include reducing soil erosion and restoring
plant community composition, structure, and diversity. Unnaturally high levels of soil erosion,
impaired hiker experience, and degradation of native vegetation are typical conditions of sites
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requiring active restoration (erosion control and revegetation). Treatments include closing and
disguising social trails, signage, seeding, transplanting, and construction of grade control
structures (i.e., restoration checks or willow wattles). Treatments are designed to jumpstart the
recovery process, relying upon subsequent successional processes (i.e., plant community change
over time) to fully restore the sites pre-disturbance condition. Recontouring the hillslope is
typically not a goal for this level of restoration. Desired outcomes include enhancing biotic (i.e.,
vegetation and wildlife) and abiotic (i.e., non-living elements such as soil erosion and drainage
patterns) elements.
Recontouring and Revegetation. This is the highest level of restoration on 14ers. Common goals
include: geomorphic (i.e., land form) reconstruction, slope stabilization, and restoring the
reference plant community. This level of restoration is designed to quickly restore all biotic and
abiotic elements of a disturbed area, restoring the natural processes and functions of the system
to address significant environmental and social concerns. Treatments are intended to restore
natural surface and subsurface drainage patterns. Common treatments include but are not limited
to: recontouring the site, retaining walls, improving soil conditions, seeding, transplanting, and
soil surface protection such as mulch or erosion matting. Depending on project goals and site
conditions, recontouring and revegetation can take on many forms, including:
1. Remove bench (i.e., fill slope/critical edge) and replace cut slope (i.e., inside edge). This
should be followed by slight compaction of fill and revegetation of fill area.
2. Fill and revegetate gulley. Depending on soil type, slope grade, and other factors, the
treatments required to fill gullies can vary widely. Note that even with the gulley filled,
soil surface erosion control is still necessary until revegetation is complete.

RESTORATION STEPS
Restoration of social trails is accomplished in five simple steps: (1) Close the trail; (2) Restore
natural drainage patterns; (3) Address/control soil erosion; (4) Revegetation; and (5) Monitoring
and maintenance. Outlined below are the basic steps required for the highest level of 14er
restoration (recontouring and revegetation), including some typical treatments. The actual steps
followed, and at times the order of steps, vary depending on the nature of the project. Additional
treatments and technical specifications are included below, and in the appendices. As the body of
knowledge regarding alpine restoration grows, these steps will evolve to reflect new information
and science pertinent to the restoration goals of CFI and the US Forest Service (USFS).
STEP 1: CLOSE TRAIL
Close visible (i.e., easily seen from system trail) portions of the social trail. The primary
objective is to reduce the likelihood that future hikers will see and/or trample restored area.
Typical treatments include:
• Signage;
• Rock or log barriers; and
• Disguising the closed social trail near key trail junction (i.e., plug to fill, rock cover, etc.).
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STEP 2: RESTORE NATURAL DRAINAGE PATTERNS
Address drainage issues caused by trail cupping, trail cuts that intersect drainages, and
compacted and/or steep fall-line trails. Objectives are to eliminate water erosion in gullied trails,
restore subsurface and surface flow conditions, and stabilize temporary fill until plant roots can
accomplish long-term site stability.
Typical treatments include:
• Out-sloping trails by removing the fill from the critical edge, and placing it in the original
cut slope to improve cross drainage and reduce likelihood of continued trail erosion;
• Recreating stream crossings where appropriate to maintain flows in the original channel,
and preventing unnatural flows down the trail; and
• Recontouring the slope (i.e., where benches, gulleys, or significant trail cupping exists) to
match the original land surface.
STEP 3: EROSION CONTROL
Treat soil surface to reduce the rate of soil erosion from wind and water. Objectives include:
enhancing revegetation success and reducing sedimentation of waterways.
Treatments include:
• Erosion matting;
• Debris cover and/or mulch;
• Willow wattles;
• Restoration check structures; and
• Plug transplants.
STEP 4: REVEGETATION
Once the site is adequately closed, natural drainage patterns are restored, and soil erosion is
addressed, then revegetation efforts should be implemented. Objectives include: re-establishing
native plant diversity and community composition appropriate for the site, reducing visibility of
social trails from system trails, long-term erosion control and slope stability, and enhancing
habitat for wildlife.
Treatments and guidelines include:
• Seeding, plug/turf transplants, or willow cuttings. Utilize plants that are adapted to
disturbed sites and are ecologically appropriate for the site being restored;
• If seeding is to be used, begin collecting appropriate seed sources 1-3 years in advance,
as most alpine seed useful for restoration is not available commercially, or is not locally
adapted; and
• On steep slopes (i.e., > 30% grade), erosion matting and other surface soil protection may
be required until adequate
vegetation becomes established.
Keep the Water On It!
The mantra in the trails “world” is to get the water off the trail and
keep the people on it.
The mantra in the restoration world is to keep the people off of it and
keep the water on it!
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Figure 1. Recontouring and Revegetation on Mt. Massive. Top Left: plank walls retain cobble
and soil fill as part of recontouring effort (2003). Top Right: willows and turf plugs installed at
original grade. Monitoring in 2005 reveals 80% survivorship of willow cuttings, minimal soil
surface erosion, and intact toe wall. (Photos courtesy of John Giordanengo)
STEP 5: MAINTENANCE & MONITORING
Restoration ecology is a young science. Further, the effectiveness of restoration treatments is
dependent on environmental conditions (i.e., precipitation, wind, fire, grazing, etc.) that are
highly variable over time and space. In order to determine if restoration treatments meet the
intended goals and objectives, monitoring is required. Monitoring is defined as the process of
taking periodic observations to detect changes or trends in resources or environment (2002 White
River NF Mgt. Plan). Effective monitoring and evaluation is necessary to inform future adaptive
management and peak planning, and to improve our knowledge base, which is integral to
adaptive management.
Considering the expense of trail closure, peak management, trail construction, and restoration, it
often makes sense to commit a fraction of a project’s overall resources (i.e., planning efforts,
technical resources, and financial resources) to monitoring the project to ensure restoration plans
were implemented correctly, and to determine if goals and objectives were met. At a minimum, a
map of restoration activities should be developed, and a station by station record of treatments
should be kept on file. Such records allow future staff and volunteers to accurately locate and
evaluate past treatments over time.
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A comprehensive monitoring plan, and monitoring methods, are beyond the scope of this
manual. At a minimum, monitoring efforts should:
• Be designed and conducted to answer specific questions;
• Be conducted at the appropriate scale (i.e., 1,000 feet of restored social trail) and at a time
(i.e. the peak of the growing season) to answer the question correctly (Figure 2);
• Involve appropriate collaborators (i.e., agencies, interested publics, researchers, and nonprofit organizations), to acquire adequate knowledge and other resources to carry out the
monitoring, data analysis, and reporting;
• Use the most appropriate scientific protocols to collect and evaluate the data; and
• Emphasize analysis and reporting as much as the collection of the data.

Figure 2. Monitoring frame (i.e., quadrat) used to count seedling density and other variables in a
restored alpine social trail. (Photo provided by CFI).
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RESTORATION TREATMENTS, TASKS, AND GUIDELINES
The following is a list of restoration elements, treatments, tasks, and guidelines that are typical in
the completion of the various levels of restoration presented above. Additional restoration
treatments, tasks, and guidelines are included in Appendix A (willow and cottonwood
restoration field guide), Appendix B (typical restoration drawings and notes), Appendix C
(alpine revegetation matrix), and Appendix D (additional resources).

REVEGETATION
The occurrence of specific vegetation communities in the alpine is a result of variations in soils,
wind, snow, and other factors. In their seminal paper, May and Weber (1982) correlated the
factors of topography, wind, and snow on the presence of five primary alpine plant community
types (Figure 3). Before specific revegetation treatments such as tundra plugs are implemented,
planning and design efforts should include an analysis of the appropriate plant community (i.e.,
reference community) that will guide the planting of correct species necessary to restore the site.

Shrub Tundra
Moist Meadow

Fellfield

Figure 3. Influence of snow cover on alpine plant communities. Modified from May &
Webber (1982). Fellfield’s are the driest communities with the longest growing season of
all alpine communities. Snowbed communities experience the shortest growing season.
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Seeding
Seeding is a treatment that allows restoration crews to revegetate a large area (i.e., greater than
1,000 square feet) in a labor-efficient manner, with the goal of establishing dozens of seedlings
per square foot. Because locally adapted (i.e., ecotypic) seed is very difficult to find
commercially, seeding on 14ers and similar alpine sites often involves collecting seed locally, at
least one year ahead of time.
Tasks
The following tasks are listed in typical order of occurrence. Depending on the nature and
condition of the specific site in question, the order of tasks may vary.
• Seedbed preparation: Decompact the ground (Pick Mattocks); rake ground to create
furrows and/or clods (1-2” diameter clods and furrows); add soil amendments such as
Biosol and/or Humate at a rate of 500-800 lbs/acre.
• Spread seed at rate of 80-120 pure live seeds (i.e., not including chaff, weed seeds, or
unviable native seeds) per square foot.
• Rake loose soil over seeded area, or spread soil over seed, to ensure the majority of seed
is covered by 1/8 inch to 1/4 inch of soil. Tiny herbaceous dicot seeds (i.e. Phacelia
sericea) should be seeded last, on top of the raked area, as such seeds cannot be buried
too deeply by raked furrows.
• Cover seeded area with mulch or erosion matting. If working in high wind areas, steep
slopes, or areas where concentrated water will flow down mulched area, mulch should be
covered with biodegradable netting. Research indicates that covering sown seed with
erosion matting in exposed areas enhances seed germination and growth compared to
uncovered seeded areas.
Guidelines
• Seed Source: Use native seed collected adjacent to the
restoration site or within the local mountain range (i.e.,
West Elk Range or Sangre de Cristo Range), within 500
feet of elevation of the restoration site. Avoid the use of
cultivars (i.e., cultivated varieties of native alpine plants),
as they are often from lower elevations, higher or lower
latitudes, or are likely not adapted to the unique
conditions of our alpine ecosystem.
• Seed Mix: Use a minimum of 6 species typical to the
community you are restoring. Species mix will vary
depending on project goals (i.e., slope stabilization or
social trail closure), reference community, and resources.
In general, it is beneficial to include in a seed mix a
variety of species with different life histories (i.e.,
perennial grasses and short-lived forbs) and seral stages
(i.e., pioneer plants and long-lived perennials).

High Wind = Low Seed
High wind requires seeding low to
the ground to avoid seeds blowing
far beyond the seeding area.
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Erosion Matting
Protecting a seeded area with erosion matting (also
called erosion control blanket) accomplishes three
important objectives: (a) reduces soil surface erosion in
seeded areas; (b) reduces evaporation from the soil
surface, keeping more soil in the ground for seedlings;
and (c) provides a visual clue to users that the area is
closed for restoration. Research in alpine areas (Figure 5)
and other restoration sites indicate that erosion matting
vastly improves the establishment of seedlings.
In order to install erosion matting correctly, and to build
expertise in “field fitting” erosion matting during a
project, it is important to first understand the forces
acting on the treated area. In the alpine, erosion matting
is highly susceptible to blowing off the site from wind or
curling up from flowing water if it is not anchored
completely to the soil surface. In order to address the
forces acting on erosion matting, the following tasks
should be followed closely.

Wind & Water are
Great Teachers

Tasks
Trench the up-slop and up-wind
The following tasks are listed in typical order,
edges of erosion matting to keep it
assuming the area to be treated has already been
anchored
under high winds and high
measured. Depending on the actual restoration site in
run-off events. Photo by CFI.
question, the order of tasks may vary. Additional
specifications are found in Appendix B.
• Note forces: Identify the direction of overland flow, prevailing winds, and other forces. In
Colorado, prevailing winds are typically from the west and the north, but the varied
topography on 14ers can result in prevailing winds coming from a variety of directions.
For fall-line areas, the direction of overland flow is obvious. In areas where the trail is
diagonal to the fall-line, consider that overland flow may be coming from two directions.
• Remove rocks: Remove all rocks and sticks greater than the size of your fist from the area
where erosion matting will be applied.
• Seedbed prep and seed: Prepare seedbed, apply soil amendments, and sow seeds
according to specifications. Rake soil over seed.
• Dig trenches: The edges of the matting at risk from wind and overland flow must be
trenched. Dig a trench 6” deep and 6” wide on each side that will receive overland flow
and direct winds. Lay the matting in the trench such that the end of the matting goes up
the entire side of the far side of the trench. Install landscape staples or wooden stakes
every 18” through the matting and cover the matting/trench with soil. Comact the soil
covering the trench with McCleods, or by walking on it.
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•

Cover: Lay erosion matting over seeded areas so that matting is even and flat over the
surface. Avoid wrinkles and folds, as these can catch wind and allow water to flow
beneath the matting, undermining the site.
Stake/Staple: Staple matting in place by placing staples/stakes in a zig-zag pattern at
approximately 1.8 staples/stakes per square yard. On steeper slopes (i.e., > 60%)
staples/stakes should be installed at a higher density. Manufacturers’ specifications often
provide stapling density recommendations and other specifications based on slopes and
soils.

Guidelines
It is highly recommended for all restoration projects, particularly in wilderness areas and
alpine areas, that 100% biodegradable materials be used. Many erosion control mats and
straw wattles contain photodegradable or even more durable plastic. Experience shows that
photodegradable matting often breaks into small sections (i.e., 5” in diameter) and blows
away from the site before it completely photodegrades. More durable plastic mesh may take
decades or longer before disappearing completely from the site where it is applied. In the
meantime, dozens of practitioners and land management agency staff have noted repeated
trapping of mice, birds, snakes, and other small animals in the plastic mesh, often causing
death of the trapped animal. 100% biodegradable materials are known to have far less
deleterious effects on animals. Furthermore, these biodegradable products will decompose
naturally, adding valuable organic matter to the restoration site over time.

Mind Your Materials!
Erosion control blankets, straw wattles, and
other manufactured materials can be made of
100% plastic mesh, a combination of
photodegradable plastic mesh and biodegradable
fibers, or 100% biodegradable fibers.
Photodegradable mesh and other synthetic
materials are known to have deleterious effects
on birds, snakes, rodents, aquatic organisms, and
other wildlife (Figure 4). Because natural
meshes such as jute, coir (i.e., coconut), and
hemp can provide substantial protection against
stressors, are 100% biodegradable, and have
significantly less impact on wildlife, they are
highly recommended for use in restoration and
streambank bioengineering projects.

Figure 4. Mind your materials: Dead bullsnake in
plastic mesh. (Photo courtesy of John Giordanengo.)
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Figure 5. Erosion matting Improves Revegetation Success. Effects of erosion matting on
seedlings on Mt. Harvard (Ebersole et al.). Graphic by Robin Bay, former CFI employee. In
seeded areas, erosion matting resulted in more than five times as many seedlings than in
seeded areas without erosion matting.

Tundra Plugs
The use of tundra plugs to close and revegetate social trails is a common
treatment in the 14er restoration toolbox. A tundra plug is a small
cylindrical section of tundra plants (i.e., mesic alpine meadow) removed
from tundra adjacent to the social trail being restored.
Tasks - harvest
The following tasks are listed in typical order of occurrence.
Depending on the actual restoration site in question, the order of tasks
may vary.
• Select a harvest area that matches the restoration area (i.e., the
plant community, soils, aspect, and exposure are highly similar to
that of the restoration site). Remove no more than 1 plug per 10’
x 10’ patch of tundra.
• Excavate plugs 6-10” in diameter and 6-10” deep. The excavated
root ball should be cylindrical, tapered as little as possible (i.e.,
excavate the root ball in a manner that results in the greatest
possible mass of roots to be removed).
• Mark the harvest hole with a pin flag to help crews locate it
easily when filling the hole.
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•
•

Avoid harvesting plugs greater than 10” in diameter, as the disturbance to the “harvest”
area will be excessive.
Use canvas (i.e. coal) bags, buckets, shovels, or other means to carefully transport plugs
to the restoration site.

Tasks - installation
The following tasks are listed in typical order of occurrence. Depending on the actual
restoration site in question, the order of tasks may vary.
• Dig planting holes about twice the diameter of the plug, and slightly deeper than the
excavated plug. Save soil to backfill around the plug and to fill the holes left by plug
excavation.
• Water the hole thoroughly before planting.
• Install plugs so the roots are completely at (or slightly below) the elevation of the
surrounding soil surface. Future soil surface erosion may likely scour soil from around
the root ball, leaving poorly covered roots exposed to very dry air.
• Fill voids around the plug with topsoil from new trail construction, gopher/vole mounds,
or other rich soil. If “rich” soil is not available, mix Humate (i.e., humic acid), compost,
and/or Biosol (or similar organic matter and slow release nitrogen fertilizer) with
excavated soil before backfilling around plugs.
• Fill half of void with fill soil, tamp, and water. Fill remaining half of the void with soil,
tamp and water again. Tamping and watering in “lifts,” rather than all at once, helps to
avoid sinkholes around the rootball that will dry roots.

Trail Disguise – Turf and Rock Cover
Mount Belford social trail closure and disguise at critical system trail junction.
Left to Right: 1994, 1997, 2004. (Photos by CFI.)
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Tasks – mimic adjacent site
Especially when the restoration area is near a system
When to Expose Your
trail, it is important to match the patterns and hue of
Roots?
vegetation cover, rock cover, and other biological and
physical aspects of the adjacent alpine site (i.e.,
…Never! Shallow transplanting
reference area). Installing larger rocks and logs in
(i.e., leaving roots exposed above
between plugs not only helps to reduce wind speed at the
the surface) and excessive air
soil surface, but such elements also help blend the
pockets around root balls are one
restored site into the surrounding landscape. Typical
of the biggest causes of
tasks include:
transplant death.
• Place rock cover in between plugs. Bury half the
rock into the ground, or at an appropriate depth
based on slope and soil type, to ensure they will not roll down the slope with snow load,
overland flow, or gravity.
• In subalpine sites, place sticks, branches, and leaf litter in between plugs as appropriate.
• Install plugs in random/naturalized (i.e., create some large clusters of plugs as well as
well spaced individuals) patterns rather than in distinct rows (like corn).
Tasks – fill holes left from harvest areas
• Fill holes created in the salvage are with rocks and/or soil excavated from the restoration
site during transplanting. This helps to reduce tripping hazards and also reduces exposure
of adjacent tundra roots to dry air.
• Take care to maintain a natural appearance of both the restoration and borrow areas with
rock cover.
Guidelines
• Use the 3-5 most common species found in reference site (i.e., the site that is adjacent to
and similar to the site being restored) to transplant into the restoration site.
• Grasses transplant more easily than deep-rooted forbs (i.e., herbaceous dicots such as
Valieriana edulis).
• Do not remove plugs within 20’ of existing trails, or closer than 4’ from each other. No
more than 2 plugs per 100 ft2 should be harvested from any plant community.
• Install Turf Plugs 8” apart. Plugs may be installed up to 12” apart and still maintain
favorable microclimates (i.e., reduced wind, seed rain from plugs, etc.) between the
plugs.
• Use rocks to stabilize transplants especially in steep areas.
• Use rock mulch (i.e., golf ball and fist sized rocks) when available to form a solid cover
around plugs. This reduces erosion around plugs and helps maintain moisture in soil.
• Avoid removing rocks that are imbedded in the tundra or adjacent to system trails.
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Tree Transplants
When working to close social trails in subalpine areas, the incorporation of trees (i.e., quaking
aspen and subalpine fir) can greatly aid in disguising the restored area. Similar to harvesting
forbs, it is even more difficult to harvest enough of the tree roots from even a small sapling such
that the transplanted tree will survive. Further, there is evidence leaves and stems of many
subalpine trees orient themselves to optimize photosynthesis in cold climates, while reducing
impacts of high winds and snow-driven wind scour. To help increase the rate of tree transplant
success in subalpine areas (Figure 6), the following steps are recommended.
Tasks - harvesting
• Select trees that are no more than 18” tall, and ideally 8-12”
tall.
• Root balls of harvested trees should be larger than tundra
plugs, between 8-12” wide and 8-12” deep.
• Mark the north side (or south, etc.) of the tree by flagging a
branch, writing on the stem with a sharpie, etc. to help
orient the tree correctly upon installation.
• Remove plugs carefully, as the root balls of trees are more
fragile than those of tundra plants.
• Mark the harvest hole with a pin flag to help crews locate it
easily when filling the hole with mineral soil later.
Tasks - installation
• Install the tree such that the flagged side (north, for
instance) is oriented north.
• As the roots of trees often grow around rocks, leaving a
very uneven root ball, spend extra effort to ensure the roots
are adequately covered with fill soil underneath and on the
sides of the root ball.
• Follow other installation steps similar to tundra plugs.

Figure 6. Spruce transplant on
Mt. Elbert. Canopy facing
north to match original
orientation. (Photo courtesy of
John Giordanengo.)
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Restoring Balance to the Trees!
In their natural environment, plants develop a root mass that is perfectly balanced with its stems and leaves
(i.e., above ground biomass). This root-to-shoot balance is key to plant survival. While harvesting
transplants, it is impractical to harvest enough of root mass to maintain the necessary root-to-shoot balance.
As a result, transplants will struggle to deliver enough water and nutrients to the stems, leaves, flowers, and
even the leaf buds developing throughout the summer for future growing seasons. In order to restore
balance to transplants, these practices should be followed after installation:
• Aspen Trees: remove 40% of the branches by trimming them as close to the main stem as possible,
being careful to not nick or otherwise damage the main stem. Keep hand pruners sharp to avoid
ripping/stripping the bark near the point of removal.
• Grasses: remove the top 40-50% of the leaf mass and flowering culms.
• Forbs: remove 40-50% of the leaves and all flowering stalks.
• Re-use removed leaf and stem mass for mulch.

The greatest portion of the
biomass of most alpine plants
exists below ground. Valeriana
edulis in eroded trail on route to
Windom Peak. This root likely
grows more than 5’ into the
ground, while the foliage is
scarcely 5” above the ground.
(Photo courtesy of John
Giordanengo.)
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Turf Mats
Turf mats (i.e., turf blocks) are similar to turf plugs, except they involve complete excavation of
a turf area. Turf mats are often produced as a salvage operation, in conjunction with constructing
new trails or similar large disturbances. Turf mats are often used to quickly revegetate a critical
junction of a system trail and a social trail, in essence masking the restored area to a point that
hikers are not aware a social trail ever existed there.
Tasks - harvesting
• Remove turf from new trail construction in blocks of a manageable size (i.e., not so large
they cannot be moved readily by hand);
• Attempt to excavate root systems at least 4” deep. As trail construction requires outsloping, the salvageable turf mats will be those closest to the cut slope. Turf near the
critical edge will often be, by necessity, too shallow to salvage. Minimum allowable
rootball depth (e.g., to produce a viable turf mat) will depend on species in question. In
general, rootballs less than 4” deep will not survive transplanting.
• Turf mats should be a least 5” x 5” in surface area, and as deep as possible within the trail
construction constraints. Very deep (i.e., greater than 8”) turf mats become very
challenging to move.
• Similar to turf plugs, turf mats should be harvested from plant communities similar to the
plant communities in the restoration area.

Turf Mats in Action
Turf mat transplants on this 14er
resulted in very rapid visual
closure and alpine restoration in
just 2 years. (Photo by CFI.)

Tasks - installation
• Turf mats should be installed within two days of harvesting to reduce the amount of time
roots are exposed to dry air.
• Mats should be placed within 1-2” of one another.
• Fill the voids around the mats with topsoil from new trail construction, gopher/vole
mounds, or other rich soil near the site. If “rich” soil is not available, mix humate,
compost, and/or Biosol (or similar organic matter) with the excavated soil before filling
around the plugs.
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•

•

Fill half the void (elevationally) with fill soil,
tamp fill lightly, and water thoroughly. Fill the
remaining half of the void with soil, tamp, and
water again.
FILL THE BOTTOM TOO: Due to nature of
excavation, turf mats and plugs often are
excavated such that the bottom is irregular in
shape. When installing matts, be sure to pack fill
soil along the bottom of turf mats to ensure large
(i.e., greater than ½ inch) dry voids do not exist
around the roots.

Stockpiling Turf Mats
When stockpiling turf is necessary, store
turf in the shade whenever possible (if at
treeline); place root balls tightly together
(i.e., edge to edge) to reduce exposure to
dry air; heap dirt or duff around outside
of storage pile so edges don’t dry out;
and water (pile snow on top) daily if rain
is lacking. Don’t store turf in one place
for more than a week, or the vegetation
underneath the turf will suffer.

Willow Cuttings
Willows and cottonwoods have the ability to grow into new plants from stem cuttings. While this
treatment seems foolproof (i.e., stick a branch in the ground and watch it grow into a new plant),
in practice using willow cuttings in restoration requires much attention to detail. Refer to the
Willow and Cottonwood Guide in Appendix A for complete harvest and installation
instructions. Below are tasks and guidelines specific to 14er and other alpine settings. Because
alpine and upper subalpine willow stands rarely produce narrow straight stems, the tasks below
vary from standard harvesting and installation methods.
Tasks – staking
To ensure the best possible success, these tasks should be followed closely:
• Select straight and healthy willow
stems, free of insect-infested and
otherwise damaged bark (Figure 7).
• Cut thick (1-2” dia.) stems, as straight
as possible, into 24-36” lengths,
creating a diagonal cut at the base.
• Soak cuttings in water for a minimum
of 14 days prior to installation (for
alpine willows), but not long enough
that roots begin to sprout before
installation. At least half of the cutting
should be completely covered by water.
• Before installation, freshen up the
xylem and phloem cells (the cells that
Figure 7. Harvesting willow stakes for
conduct water and nutrients up and
recontour on North Halfmoon Mt. Massive.
down the stem) by cutting the bottom of
(Photo courtesy of John Giordanengo.)
the stem at a diagonal, as air pockets
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may have developed during storage or before installation. The diagonal cut also
facilitates installation, indicates which end is down, and which end should be left above
the surface of the soil after installation is complete.
Create a pilot hole by pounding rebar (1 – 1.5” thick) or other metal implement into the
ground, until the rebar/probe reaches 6” into saturated soil.
Insert cutting into the ground so that the bottom 6” is into moist soil (i.e., capillary
fringe), the low season water table of an adjacent stream, or into other semi-permanent
water sources (i.e., saturated soil zones near significant snowbanks). The deeper the
better.
Between 8” and 12” of the cutting should remain above ground. After installation, cut the
tops horizontally to create a crack-free surface. Cracked surfaces will hasten water loss
from the stem, drying it out and increasing risk of failure.

Guidelines
• Avoid harvesting more than 30% of the stems of any individual willow.
• Harvest stems evenly throughout a willow rather than all from one side of the willow.
• Harvest from a variety of individuals in a stand to ensure a mix of genetics and gender
(i.e., willow individuals are either all male or all female).
• Install willow cuttings only in areas where other willows naturally occur, or where
sufficient groundwater exists to support willows.
• Willow cuttings should be installed in spring before bud break (i.e., leaf-out) or in the fall
after plants show signs of dormancy (e.g., a change in leaf color).
• Avoid removing entire willows, as they do not transplant well unless the majority of their
rootball (which is substantial) is removed. Removing enough of the rootball is difficult
without heavy equipment.

Recontouring to Eliminate Trail Benches and Improve Drainage
For a variety of reasons, it is sometimes necessary to completely eliminate a trail bench (i.e., cut
slope, tread, and fill slope) to meet project goals. Two key reasons to eliminate a bench include:
(a) the trail bench is channeling significant water and contributing sediment to down trail areas,
and (b) the trail bench is visible from a critical junction, and even with successful revegetation
efforts the bench will be visible – and hence desirable to walk on – for years to come.
Tasks – staking
Refer to the “trail recontour” design drawing in Appendix B for some tips on how to
recontour and restore a full bench trail. Basic steps include:
• Remove/salvage all vegetation growing in the cut slope, as many of these plants are
adapted to highly disturbed conditions. Store salvaged plants appropriately, and use
them to revegetation the restored fill slope.
• Excavate the fill slope (soil below tread) and place in the cut slope to restore the
original contour of the hillside. Amend soil as necessary, and acquire additional soil
as needed to sustain vegetation on the recontoured slope.
• Firm fill soil slightly with a McCleod, to reduce potential for erosion of loose fill soil;
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Transplant salvages vegetation as necessary.
Seed the restored filled slope (see instructions in seeding section).
Apply erosion matting, debris cover (i.e., logs or rocks), etc. to help stabilize the
slope until vegetation becomes fully established.

Tundra Support
A variety of social trail conditions can lead to a situation where the tundra is “peeling away”
from an eroded and ever deepening trail tread. Depending on site-specific conditions, a diversity
of tundra support and stabilization treatments are likely. A key element of all tundra support
treatments is to provide toe support (i.e., monowall or similar protection at the bottom of a fill
slope) and stabilize the cut slope, providing sufficient earthen mass from the toe to the very base
of the exposed tundra. Plugs, seeding, and/or erosion matting are all possible treatments on the
restored slope. Refer to Appendix B for one common tundra support design.

A Cycle of Failing Tundra
Example of an ever-eroding trail tread,
creating a vicious physical cycle of trail
widening, trail downcutting/incision, and
failing tundra on Mt. Elbert. (Photo
courtesy of John Giordanengo.).

Vertical “banks” fail under
the weight of snow,
saturated soil, and other
physical processes.

Continued trail erosion leads
to taller vertical banks,
which exacerbates the
erosion cycle.
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EROSION CONTROL AND WATER MANAGEMENT
A variety of erosion control treatments may be applied to a given situation depending on the
nature of the disturbed site (i.e., grade of the gulley, visibility of site from system trails, soil type,
size of contributing watershed, etc.), the goals of the project, and other site considerations.
Below are some basic descriptions of typical gulley stabilization and slope stability treatments.
The typical drawings in Appendix B provide additional treatment details. These typical
drawings provide general details only. Every site requires site-specific analysis and design in
order to provide efficient and effective results. To be effective in the long-term, erosion control
measures should be integrated with revegetation treatments and/or drainage improvements. In the
long term, vegetation typically provides the most sustainable and robust slope stabilization of a
previously vegetated slope. The key is to develop a set of restoration treatments that will allow
the site to quickly reach a stable vegetated condition.

Gulley Formation on 14ers
In upland situations, such as on an alpine slope, fall-line (i.e., perpendicular to the contour)
gullies often form due to loss of protective vegetation cover, soil compaction, and subsequent
water erosion. In order to adequately treat and stabilize gullies, it is important to recognize that
they grow in three dimensions: length, width, and depth. One primary means by which a gulley
grows in length is via the process of head-cutting (i.e., soil erosion at the head of the gulley,
cutting upslope into tundra or compacted trail treads). A primary means of growing wider is via a
process whereby portions of the gulley sides fall into the gulley bottom due to physical collapsed
of loose soil, soil saturation at the base of the gulley, or other causes. Gullies can grow deeper
(i.e., incision) through physical scour caused by flowing water, trampling, and other physical
actions. It is important to note that the deeper gullies grow, the wider they will grow. Gullies can
also grow in length as flowing water carves channels down gradient of the gulley head.
To be effective, gulley treatment should address the deterioration of a gulley at the head-cut,
where the sides are collapsing, and where incision is occurring. Typically, the head-cuts are one
of the most important areas to treat. However, without addressing down gradient stability (i.e.,
grade control structures), subsequent erosion of gulley bottoms can undermine treated areas upgradient.
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Channel Evolution Models
Many models of channel evolution in response to a disturbance exist. One intuitive model,
introduced by Schumm et al. (1984), describes the series of stages a channel may go through in
response to a disturbance such as channelization, urbanization, base level change, or flooding
(Figure 8). Beginning with Stage III, post disturbance, channel incision occurs by degradation
(incision) of the channel bed and migration of head cuts (break in slope in erodible material)
upstream. This increases the heights of the banks, reduces their stability, and can lead to
enhanced scour at the toes of the banks. Bank erosion and failure result, and the channel widens
(Stage IV). As the channel widens, the erosive force of the flow dissipates, deposition of
sediment results (aggradation), and a new floodplain begins to form within the incised and
widened channel (Stage V). Over a period of time (10 to > 100 years depending on the flow
regime, vegetation, and bed and bank material), a new stable channel forms (Stage VI). Bank
erosion resulting from channel instability may be observed from Stages III to V.

Figure 8. Channel evolution model following disturbance (FISRWG 1998), modified from
Schumm et al. 1984).
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Loss of bank material to the channel occurs by two primary processes that work in tandem: slope
instability and erosion. Slope stability is a geotechnical property of banks that varies depending
on the type of material comprising the banks, the angle of the banks, pressure from groundwater
entering the banks, and the volume, type, and density of roots within the bank. All bank materials
have a natural “angle of repose” below which they are stable. Besides bedrock, cohesive bank
materials such as silt and clay can often maintain a stable angle of repose steeper than sand or
gravel because of the inter-particle cohesion inherent in such particles. However, they are
susceptible to mass wasting or the loss of large chucks of bank material when they become
geotechnically unstable (Haggerty 1991, Simon et al. 1999).
Non-cohesive materials such as sand, and more coarse materials such as cobble, have less steep
angles of repose, with sand exhibiting the lowest angle of repose of nearly all other mineral
particles. Therefore, for a sandy gulley wall to be stable, it must have a very shallow slope angle,
especially considering future soil moisture conditions and flow rates within the gulley.
In deeply incised channels and gullies, the groundwater table may intersect the gulley, causing
saturation and failure of soils at the toe (bottom) of the gulley banks. Further, groundwater
pressure in the pore space of bank material can reduce the stability of the bank and assist in bank
failure. Snow deposition in gullies can also cause saturation of soils at the base of gulley walls,
weakening them and contributing to mass wasting.

EROSION CONTROL STRUCTURES
Restoration Check
One of the most basic erosion control structures is the restoration check (i.e., modified check
dam, weir). This structure is similar to a check step, but differs in that the crest (i.e., the highest
elevation surface, cutting across the gulley) of a check step is at the same elevation all the way
across the gulley. A restoration check has a high flow notch that guides water to the center of the
gulley once the upstream space is full of water or sediment. While a check step (or check dam),
due to its design, increases the risk of flanking (cutting around the side) during high flow
conditions, the notch of a restoration check (i.e., weir) reduces that risk (Figure 9). The rock
apron below the restoration check reduces scouring at the base of the structure during high flow
events. The wing walls (i.e., the diagonally placed rocks in the log-rock weir below) helps reduce
flanking and, in the absence of a notch, can keep high flows focused on the center of the gulley.
Refer to Appendix B for additional technical details and drawings.
The primary goal of a grade control structure is to reduce the risk of continued incision
(downward cutting) within the gulley. When constructed at the right height and spacing,
restoration checks can also facilitate aggradation (i.e., the building/deposition of sediment) in a
gulley, increase soil moisture in the restored area, and enhance vegetation growth. Restoration
checks should be spaced such that a horizontal line drawn backwards from the crest of one weir
touches the base of the main structure of the next weir up-slope.
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Rock resto check with apron

Log-rock resto check
(wing rocks & apron)

Note flanking on left (water erosion) due to wing rock
installed too low and/or not keyed into bank adequately.

Figure 9. Restoration Check, showing apron, wing rock, and flanking. (Photos courtesy of John
Giordanengo.)
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One Rock Dam
The one rock dam (Figure 10) is one of the simplest grade control structures to build. Rocks are
placed edge to edge, with the lowest elevation course of rock built like a monowall, and the
rocks above are simply placed on the ground. The high “mulch” factor of the rocks creates a
great environment for seedling establishment, as the image below shows well. No grass existed
before the creation of this one rock dam. These structures are suitable for more general hillslope
erosion prevention on gradual slopes (i.e., not greater than 40 degrees).

Figure 10. One rock dam near Buena
Vista. Vegetation one season after
seeding. (Photo courtesy of John
Giordanengo.)

Contour Straw Wattles
The contour straw wattle (Figure 11) can be used on eroded
hillslopes and in gullies to reduce the scouring power of water and
encourage sediment deposition. They should be installed in a
shallow trench and staked at 18-24” spacing. As the name implies,
they must be placed on the contour (perfectly perpendicular to the
flow of water). When a wattle or other erosion control structure is
installed diagonally to the flow of water, it serves to concentrate
and channel the water, increasing scour rather than reducing it.
A hand level is an easy way to find the contour of a slope. With
the contour found, pin flags can be used to mark the contour for
subsequent crews. 1” x 2” wooden stakes should be installed
through the center of the wattle at 18-24” spacing, such that at
least 6” of the stake is into the ground.

Figure 11. Straw wattle near Mt.
Belford. (Photo courtesy of John
Giordanengo.)
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Restoration
Produce Pockets of Fertility
Custom fit your wattle
in 3 simpleChecks
steps
To cut your wattle to a size that fits the gulley, follow these simple steps:
Installed correctly, and at the right spacing, restoration check structures reduce scour of the
• Cut the mesh from around the wattle at the desired location;
soil surface and encourage water to infiltrate into the ground where the roots of plugs and
• Pull 6” of straw or excelsior from the interior of the wattle;
seedlings need water. As a result, the pockets above and between grade control structures
•become pockets of fertility by trapping moisture, windblown organic matter such as dead
• leaves
Cut two
slits
in the
loose
mesh
opposite
oneofanother,
thethe
mesh,
and tie
loose
and
stems,
and
seeds.
These
pockets
fertilitytwist
hasten
recovery
of the
gullies.
ends together to seal the wattle back up.
When using wattles in gullies, they should be installed similar to a weir, with 6” of the wattle
installed into the gulley bank to help secure the wattle in place and reduce scour around the end
of the wattle.

Willow Wattles
Willow wattles (Figure 11) are a form of bioengineering (combination of physical structure with
living materials) used to revegetate a site, reduce erosion in a trenched trail, and increase water
infiltration. Like all bioengineering structures, once the willows grow deep roots they form a
highly effective long-term erosion control barrier. To be successful, they should be used only in
areas where high soil moisture conditions would naturally support willow growth.
Tasks
• Cut slender (0.5 to 1” diameter) stems to a length such that they are 1 foot wider than the
tread of the trail being restored.
• Dig trench perpendicular to the fall-line of the trail, or perpendicular to the flow of the
water – this will vary depending on the site. Surface elevation of the installed wattle
should be roughly level with the plane of the earth (i.e., use a level or the water in a
Nalgene bottle to determine the level of the wattle).
• The trench should be approximately 3 inches deep and 6 inches into each “bank” of the
entrenched trail (i.e., the wattle will be anchored into the adjacent area).
• Weave branches together to form a tight bundle at least 8 in. in diameter. Tie bundle
tightly with heavy duty twine, and trim wattle to
the appropriate length for your trench.
• Fill voids between branches with dirt and water
thoroughly. Be sure to pack dirt into the center
and sides of the wattle to help retain moisture
around the stem (e.g., where “adventitious”
roots will form if the stem is moist).
• Install willow stakes (described above) through
the wattle every 12”, and 8” into the soil, to
hold wattle in place.
Figure 11. Installation of willow wattle on Mt.
Elbert. (Photo courtesy of John Giordanengo.)
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Head-cut Stabilization
The head (i.e., top end) of a gulley is one of the most important sites to treat. The continual
erosion at the head of a gulley is the result of mass wasting of the face/slope of the head,
overland flow down the face of the gulley head, and/or piping of water through the face of the
gulley head. As water flows down the gulley head, it picks up considerable speed, further
exacerbating erosion. In order to minimize that erosion, the gulley can be recontoured, or the
gulley head can be treated with plunge pulls or concave rock ramps. Refer to the Zuni Bowl in
Appendix B for one common treatment of head-cuts.

Slope Stability Thresholds
Table 1. Top: Matrix of erosion control treatments and slope stability thresholds.
Bottom: conversion table for slope (deg), y (rise) over run (x), and grade (%).

Restoration Objective
Treatment*

Grade
(%)

Gulley Soil Moisture
Hillslope
Depth and/or Surface
Protection
(ft)
Flow

One rock dam
Erosion matting
Restoration check (log or rock)
Straw wattle
Willow wattles & fascines
Full recontour (no plank walls or toe protection)
Full recontour (with plank walls and toe wall)
Plunge pool or zuni bowl (for head cuts)

1 - 30
1 - 30
10 - 60
10 - 60
10 - 60
10 - 60
> 60
1 - 90

0.75 - 1
0.75 - 1
0.75 - 2
0.75 - 1
0.75 - 2
0.75 - 3
1-4
1-4

low - med
low - med
low - med
low - med
med - high
low - med
med - high
med - high

Erosion
Control

x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x

Full Recontour
& Revegetation

x
x

* Site specific assessment and design needed to confirm treatment type. Recommendations are provided as generalizations only.
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TRAIL DISGUISE
Trail disguise is used to make social trails disappear from the view of hikers on nearby system
trails. The goal is to vastly reduce the likelihood that any hiker could recognize that a trail ever
existed there. The length of trail disguise is purely a function of visibility of the social trail from
the system trail. Typically, 300-500’ of trail disguise is sufficient to make a social trail disappear.
If the social trail is not gullied, trail disguise can take on several forms depending on the
surrounding landscape that serves as a visual reference for the disguise:
Tundra: Harvest turf transplants from new trail construction and transplant to create “instant
tundra” in the social trail.
Plugs and Rocks Cover: Install tundra plugs and a pattern of rocks so the resulting closure
closely matches the pattern of rock cover and vegetation in the adjacent reference site. Place
lichen skyward to help further disguise the site.
Fully Gulley Recontour: When a gulley is deep enough (i.e., 2 ft. or deeper), it still looks like a
gulley, even when it is completely revegetated. When such deep gullies cross a system trail, a
full recontour (Level III restoration) is likely needed to disguise the trail. See Level III
restoration details above for more information.
Rock Disguise: When the social trail cross through a rock or scree field, the best disguise is
placement rock or scree of the same pattern, color, and density to fill and camouflage the social
trail (Figure 12). Placing rocks lichen side up significantly camouflages the closed social trail
amidst the surrounding rock field.
Guidelines
• Avoid removing rocks from the tundra, especially within 20’ of a system trail.
• Place rocks lichen side up and dirty side down.
• The steeper the slope, the more deeply rocks must be installed in order to remain stable.
• Toe walls (i.e., monowall or greater) may be needed on steep slopes to hold the fill in
place upslope of the wall.

Figure 12. Rock disguise on
Mt. Harvard. Left: before.
Right: after. (Photo courtesy
of Loretta McEllhiney,
USFS.)
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INTRODUCTION AND PURPOSE
This field guide covers basic techniques for selecting, harvesting, storing, and
installing willow and cottonwood cuttings for restoration projects. It also
provides a basic understanding of the biology of Salicaceae, the family that
includes all willow and cottonwood species. Knowledge of Salicaceae biology
informs plant selection, harvest, storage and installation techniques. These
techniques, in turn, play a key role in the success of a diversity of restoration
projects, from live staking to advanced bioengineering structures.

IMPORTANCE OF WILLOWS AND COTTONWOODS IN RESTORATION
In arid regions of the Rocky Mountains, willows and cottonwoods provide important wildlife
cover for nesting birds and small mammals, and forage for elk, moose, and other herbivores.
Willows and other riparian vegetation provide effective soil stabilization through the large web
of underground roots that bind soil particles together. The above-ground biomass of riparian
vegetation slows water velocities and therefore aids in reducing shear stress along stream
banks, road embankments, and other erosion-prone areas. Willows have a number of
characteristics that make them resilient to high-velocity flood waters, burial by sediments,
long periods of inundation, high winds, and heavy browsing by wildlife. Cottonwoods provide
similar benefits, as well as providing structural diversity (i.e., variety of canopy heights) in a
riparian habitat. Furthermore, willows and cottonwoods provide essential shade and organic
matter inputs to rivers, both of which are critical to the quality of aquatic habitats. Such
riparian vegetation also facilitates nutrient uptake of effluents such as nitrates and
phosphates.

BIOLOGY, BEAVERS, AND BENEFITS
Willows and cottonwoods are deciduous woody plants in the Willow Family (Salicaceae) that
typically occur in mesic sites such as riparian areas (i.e., riverside habitats) and other wetland
habitats. Willows are classified in the genus Salix, and cottonwoods are in the genus Populus.
Both willows and cottonwoods have an important feature in their biology that make them
excellent candidates for use in ecological restoration.
Willow and cottonwood stems can develop new roots readily from dormant buds and
adventitious buds (i.e., buds that develop in an “atypical” place rather than at the branch tip
or in leaf axils) when in contact with water or moist soil. This strategy is helpful in habitats
where beaver routinely cut and haul willows to construct dams and lodges. Should a stem
break loose and flow down river, or become dislodged by a flood, the stems root readily in the
muddy riverbanks. And so in the course of riparian restoration we find ourselves following in
the footsteps of the beaver. However, incorrect selection of species, as well as improper
storage, handling, timing, and installation techniques, can produce widely varying results. This
guide provides tips and information to help you improve your chances of success in a riparian
restoration project.

APICAL CONTROL IN SHRUBS
All woody plants, including willows and cottonwoods, produce
a mix of hormones including auxins, cytokinins, ethylene, and
gibberellins. Hormones are substances that are produced in
small amounts and influence the growth, development, and
differentiation of cells and tissues. The specific ratio and timing
of hormone release has strong control over plant growth. One
example of this is known as apical control, where the top
branches of a plant (i.e., apical or terminal buds) have an
influence over the lower branches. Apical control occurs widely
among willows and cottonwoods, where auxins produced by
terminal buds are transported to lateral buds (i.e., buds along
the stem below the terminal bud) and adventitious buds to
convey a signal to “stay dormant.” When the apical bud is
removed by a browsing animal or severed by a willow
harvester, the hormonal signal from auxin is interrupted, which
stimulates the growth of lateral and adventitious buds. In
heavily browsed areas, it is the removal of the terminal buds
that causes a bushy appearance in both willow and
cottonwood stands. Under some conditions, however, and for
certain species (e.g., sandbar willow, Salix exigua), removal of
the terminal bud may not be necessary or desirable to achieve
project goals. If a tree-like willow is desired, removing the
terminal bud(s) is not recommended.

USING LIVE CUTTINGS FOR RESTORATION
Thanks to the nature of willow biology, and especially to the
presence of adventitious and dormant buds that form roots
when wet, live cuttings (poles, stakes, or whips) can be used in
a variety of restoration practices. When installed properly and
under the right environmental and moisture conditions, live
cuttings can develop roots and above-ground shoots rapidly.
Survival of these cuttings through the first growing season can
range between 45% and 90% of installed cuttings. However,
subsequent survival can be highly variable, and three seasons
of monitoring is recommended before claiming success or
admitting defeat for any willow restoration project. Lack of
adequate soil moisture, poor timing, incorrect species choice,
prolonged inundation, and improper selection of willow stems
are important factors associated with poor survivorship of
cuttings.

Careful attention to harvesting healthy stems, proper stem
diameter and age, groundwater hydrology, depth of
installation, and good soil-to-stem contact all contribute to
successful restoration projects.

Roots sprouting from
adventitious buds after 13
days of soaking. USDA-NRCS,
Aberdeen Plant Materials
Center

SELECTING THE RIGHT MATERIALS: GARBAGE IN = GARBAGE OUT
The best willow installation job often fails when the cuttings are not properly
selected and stored ahead of time. These simple rules will improve the success of
every willow and cottonwood project and help to protect the resource.
Harvest Location: Select a source population as
close to your project site as feasible, preferably
within the same drainage. Harvest species that
occur in the same site conditions (e.g.,
hydrology, landscape position, elevation) as the
conditions of your restoration site. Avoid
sourcing plant materials more than 1,000 feet in
elevation above or below your restoration site.

Healthy Stems: Always select healthy stems (i.e.,
“green” wood in cross-section) that are: relatively
straight, covered in smooth bark (i.e., not furrowed or
damaged), and free of insects, disease, or fungal
damage. For most willow and cottonwood species,
stems older than four years of age produce fewer
adventitious buds and are lower in vigor than younger
stems. This is especially true for species such as
peachleaf willow (Salix amygdaloides), Bebb’s willow
(S. Bebbiana), and many alpine and subalpine species.

HARVEST ETHICALLY -- LEAVE MORE THAN YOU TAKE!
Follow ethical harvest guidelines to conserve health of the donor stand:
• Know before you go! Obtain approval from land owner (public or private)
before harvesting. In some cases a permit may be required.
• Remove no more than 20% of the branches from any single willow.
• Never remove more than 30% of the overall canopy cover from any willow
stand.
• Harvest stems evenly through the stand (e.g., not from one side of the plant
only).
• In Preble’s Meadow Jumping Mouse Habitat (<7,400’ elevation on the Colorado
Front Range), and in other sensitive wildlife habitats, more stringent harvest
guidelines should be followed.

HARVESTING AND PREPARATION
Tools: Lopping shears, hand by-pass pruners, small wood
saws or brush cutters, twine, labels, buckets, trash cans.

HARVESTING & STORING
Harvest cuttings during the dormant season (i.e., between fall dormancy/leaf abscission and
spring bud break):
Select stems ½ to 1¼ inches (between pinky and thumb width) in diameter for most projects.
Some projects may require willow stems up to 3 inches in diameter or cottonwoods up to 6
inches in diameter (e.g., posts) where longer or stronger cuttings are required to reach deep
groundwater. In this case, cuttings may need to be installed into the soil via pounding, hammer
drills, water stingers, augers, or other means.
Cut stems to length, as determined by specific project needs (e.g., depth to late-summer water
table, severity of erosion and flood damage). Cuttings can range from 18 inches to 12 feet long
depending on depth to groundwater and height of competing vegetation. Remove the cutting
with a clean diagonal cut at the base of the stem. The diagonal surface differentiates the
rooting end from the above ground portion, and facilitates installation.
Leave the terminal buds and a few upper branches intact until installation. Remove all but the
top few lateral (i.e., side) branches by clipping them as close to the stem as possible. Use
caution to avoid damaging the stem while trimming the lateral branches. Removing lateral
branches assists in transport and storage, helps maintain an appropriate root-to-shoot ratio,
and reduces transpiration losses prior to root establishment. Logistically, a trimmed willow
cutting is easier to install down a narrow pilot hole.
Bundle cuttings in groups of 50 or
100 by species. Keep bundles cool,
moist,
and
shaded
during
transportation and on-site storage.
Prior to planting, soak cuttings in
water for 7-14 days to increase the
rate and degree of adventitious root
formation. Cuttings can be soaked in
buckets, streams, or ponds with welloxygenated water. Roughly 50 to 80%
of the length of the cutting should be
in contact with water while soaking.
Plants should be weighted down
when soaked in a horizontal position.
Research shows significant increase
in survival for willows that are presoaked prior to planting (Tilley and
Hoag 2008).

CAUTION – Dangerous Stowaways!
Avoid soaking cuttings in water bodies that may
harbor aquatic nuisance species such as New
Zealand mudsnail, Eurasian milfoil, chytrid fungus,
and other pests that are exotic and known to
negatively impact native species. To be safe, soak
your cuttings in buckets of tap water or in water
from your restoration site.

Pre-soaking willow
cuttings.
(USDA-NRCS, Aberdeen
Plant Materials Center)

Tools: planting bars (dibbles), rebar, rubber mallet/mini
sledge, post-hole diggers, electric hammer-drills, soil augers,
power stingers, shovels, buckets, lopping shears.

INSTALLING LIVE CUTTINGS
Location location location. It’s as true with willow and cottonwood plantings as it is in
real estate: location matters! While a full site analysis and planting location plan is beyond the
scope of this field guide, some tips include: (1) previous knowledge of soil moisture,
hydrographs, and/or groundwater monitoring well data is extremely helpful; (2) avoid
installing cuttings in dense herbaceous wetland communities, as such soils can be anaerobic
and difficult for survivorship of fresh adventitious roots; (3) avoid installing cuttings too close
to the stream edge, especially in unconsolidated soils, as it is likely the eroding streambank
will result in the loss of your planted materials prior to establishment; (4) avoid installing
willows too far away from the water, such that the bottom of the cutting and the adjacent
buds are not in contact with the low/dry-season groundwater – unless utilizing artificial
irrigation.
Optimal time for willow and cottonwood planting varies by region, plant community, and local
hydrologic (i.e., stream and groundwater hydrology) regime. Typically, cuttings are installed
after spring thaw but before bud break, or in fall after leaves change color and/or drop. If
planting in fall, be sure to install cuttings deep enough (i.e., at least 2 feet) to avoid being
dislodged from the ground by winter freeze-thaw cycles. In river systems with fairly unaltered
flow regimes, planting willows and cottonwoods after peak discharge (i.e., during the receding
limb of the hydrograph) is recommended, as long as the peak discharge occurs prior to bud
break. In altered systems, where surface and groundwater elevations are known to drop
quickly, early season (i.e., very early spring) planting is recommended.
Pilot holes allow for easier installation without
damaging the cuttings. In soft soils, pilot holes
may not be necessary. Prepare pilot holes by
pounding in rebar or other appropriate tools.
Mechanical devices (e.g., stingers or augers) can
also be used to prepare deeper holes in difficult
soils.
The bottom is of top importance. The bottom
6-8 inches of the cutting should be installed
below the expected dry-season water table.
NOTE: Sufficient depth of installation is the
most difficult task for any laborer. Generally,
50-80% of the cutting should be below ground.

TIP: many cuttings are not installed deep enough to reach the low-season groundwater. To
adequately address this, ensure that the pilot hole reaches a depth of at least 6 inches into
the estimated low-season groundwater.

INSTALLING LIVE CUTTINGS (CONTINUED)
Backfill around cuttings to ensure good soil-to-stem
contact (i.e., without air pockets). When installing
cottonwood posts or cuttings into pre-augered holes, add a
pancake batter-like slurry of soil and water into the hole,
allowing sediment to displace any air pockets as water
leaches into underlying soil.
NOTE: Willow and cottonwood roots cannot survive in
dry air! Tamp your soil around the cuttings to eliminate air
pockets.

IMPORTANT INSTALLATION TIPS
• Remove the bottom 1-2 inches of the cutting with a clean diagonal
cut to “freshen up” the conductive xylem cells prior to installation.
• Be sure lateral buds point sky-ward and the diagonally cut end,
usually the thicker end of the cutting, is inserted into the ground.
• Cut the stem to leave 2-5 lateral buds above ground. Where
scouring flows are expected, leaving just 2-3 lateral buds above the
ground results in a shorter stem, less likely to snag on water born
debris. Keep cuttings higher above ground where competing
vegetation may overshadow the cutting during the growing season.
• Cracked, diseased, or mangled cut ends will increase susceptibility
to pest damage, decreasing survival rates. If cuttings are damaged
from installation, provide a clean diagonal cut just below the
damaged surface.
• A minimum of two lateral buds (preferably 3 or more) should be
present on portion of stem remaining above the ground.

SOFTWOOD CUTTINGS

CLUSTER PLANTING
To improve chance of
establishment per planting
site, install multiple cuttings
in a single larger hole
(cluster planting, Hoag
2009). Typically, 3 cuttings
per hole is sufficient. This is
a useful technique in cobbledominated substrate such as
along river banks.

Softwood cuttings are comprised of the current year’s
growth. For many non-salicaceae species, softwood
cuttings can be used in a nursery setting to propagate
container stock. To improve success, follow these tips:
• Perform the snap test (i.e., audible snap when bent
between fingers) to determine if softwood is in an
appropriate stage for harvesting.
• Include 6-8 inches of softwood and 6 inches of
hardwood with your cutting.
• Place entire cutting in water immediately.
• Remove all but top 3-6 leaves (before harvesting).
• Transport cuttings safely to propagation facility within
four hours of harvesting (sooner the better).

GLOSSARY
Adventitious Buds/Roots: buds or roots that develop in an “atypical” place rather than at the
branch tip or in leaf axils.
Apical Dominance: The phenomenon whereby the main central stem of a plant grows more
strongly and readily than the lateral or side stems.
Bioengineering: Also referred to as “biotechnical slope protection,” this is the integration of
living woody and herbaceous materials along with organic and inorganic materials to increase
the strength and structure of soil.
Buffer: A vegetated area of grass, shrubs, or trees designed to capture and filter runoff from
surrounding land uses.
Canopy: The overhead branches and leaves of vegetation.
Capillary Fringe: The distance water is wicked upwards above the water table by capillary
action in the soil.
Coir: A woven mat of coconut fibers used for various soil erosion control applications;
Biodegrades after a period of a few years.
Fascine: A long bundle of brushwood or cuttings that is typically installed near the toe of the
slope, and is used to stabilize stream banks and other slopes.
Leaf Abscission: The process by which a plant sheds some of its parts, such as leaves, spent
flowers, secondary twigs, seeds, and ripe fruits.
Live Cuttings: Leafless stem cuttings of woody plant species.
Pilot Hole: A pre-drilled or augered hole in the soil substrate created in advance before
installing a live cutting.
Riparian Area: An ecosystem situated between aquatic and upland environments and is
characterized by greater soil moisture than adjacent upland areas. Riparian areas are
periodically influenced by flooding.
Root-to-Shoot Ratio: The dry weight of root biomass divided by the dry weight of shoot
biomass. A plant that has a greater biomass of leaves and stems, compared to the biomass of
its roots, would have a low root-to-shoot ratio. A low root-to-shoot ratio is considered an
unhealthy condition for many plants.
Stinger: A tool used to create holes to use for planting cuttings from woody species.
Wattle: A sausage-like bundle of plant cuttings used to stabilize stream banks and other
slopes.
Xylem: A compound tissue found in vascular plants used to transport water and some
nutrients up from its roots to its stem, leaves, and buds.
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APPENDIX B
Typical Drawings

ROOTBALL

AMENDED BACKFILL

UNDISTURBED SOIL
8" - 12"
1.
2.
3.
4.

50% DEEPER THAN ROOTBALL

5.

2x ROOTBALL DIAM.

6.
7.
8.
HERBACEOUS PLUG TRANSPLANT
CROSS SECTION

NOT TO SCALE

SALVAGED PLANTS SHALL HAVE ROOTBALLS AT LEAST 6"
DEEP AND 6" IN DIAMETER
EXCAVATE PLANTING PIT 2X THE DIAMETER OF THE
ROOTBALL AND 50% DEEPER THAN THE ROOTBALL
AMEND BACKFILL SOIL WITH 20% ORGANIC MATTER AND FIRM
AROUND ROOTBALL N SIDES AND BOTTOM
INSTALL PLUGS SO THAT ALL ROOTS ARE AT OR SLIGHTLY
BELOW SOIL SURFACE. NO ROOTS SHOULD BE EXPOSED TO
THE AIR
INSTALL PLUGS AT A DENSITY SUCH THAT 8-12" OF BARE SOIL
REMAIN BETWEEN PLUG EDGES
ADD BACKFILL AROUND ROOTBALL IN 2" LIFT, WATERING EACH
LIFT THOROUGHLY BEFORE APPLYING THE NEXT LIFT
HERBACEOUS TRANSPLANTS MAY BE INSTALLED AT THE
SAME ANGLE AS THE SLOPE
CUT 50% OF THE LEAVES FOLLOWING INSTALLATION TO
REDUCE STRESS

ROOTBALL

AMENDED BACKFILL

UNDISTURBED SOIL

1.
2.
3.
4.

50% DEEPER THAN ROOTBALL

5.
2x ROOTBALL DIAM.
6.
7.
8.
HERBACEOUS PLUG TRANSPLANT
CROSS SECTION

NOT TO SCALE

SALVAGED PLANTS SHALL HAVE ROOTBALLS AT LEAST 6"
DEEP AND 6" IN DIAMETER
EXCAVATE PLANTING PIT 2X THE DIAMETER OF THE
ROOTBALL AND 50% DEEPER THAN THE ROOTBALL
AMEND BACKFILL SOIL WITH 20% ORGANIC MATTER AND FIRM
AROUND ROOTBALL N SIDES AND BOTTOM
INSTALL PLUGS SO THAT ALL ROOTS ARE AT OR SLIGHTLY
BELOW SOIL SURFACE. NO ROOTS SHOULD BE EXPOSED TO
THE AIR
INSTALL PLUGS AT A DENSITY SUCH THAT 8-12" OF BARE SOIL
REMAIN BETWEEN PLUG EDGES
ADD BACKFILL AROUND ROOTBALL IN 2" LIFT, WATERING EACH
LIFT THOROUGHLY BEFORE APPLYING THE NEXT LIFT
HERBACEOUS TRANSPLANTS MAY BE INSTALLED AT THE
SAME ANGLE AS THE SLOPE
CUT 50% OF THE LEAVES FOLLOWING INSTALLATION TO
REDUCE STRESS

2" DEPTH OF MULCH
ROOTBALL
AMENDED BACKFILL
18" OR LESS

IRRIGATION BERM
UNDISTURBED SOIL

1.
2.
3.
4.

5.
50% DEEPER THAN ROOTBALL
6.
7.
8.
2x ROOTBALL DIAMETER
ASPEN TRANSPLANT
CROSS SECTION

NOT TO SCALE

INSTALL PLANT SO THAT NORTH SIDE OF CANOPY IS
ORIENTED NORTH
SALVAGED PLANTS MUST NOT BE GREATER THAN 18" TALL.
SHORTER PLANTS ARE RECOMMENDED
EXCAVATE PLANTING PIT 2X THE DIAMETER OF THE
ROOTBALL AND 50% DEEPER THAN THE ROOTBALL
AMEND EXCAVATED BACKFILL SOIL WITH 20% ORGANIC
MATTER AND FIRM AROUND ROOTBALL ON SIDES AND
BOTTOM
ADD BACKFILL AROUND ROOTBALL IN 2" LIFT, WATERING EACH
LIFT THOROUGHLY BEFORE APPLYING THE NEXT LIFT
ADD 2" DEPTH OF MULCH TO COVER AN 18" AREA OF THE
GROUND/DRIPLINE; NO MULCH WITHIN 1" OF THE TRUNK
REMOVE 30% TO 50% OF THE ABOVE GROUND FOLIAGE (VIA
TRIMMING BRANCHES) FOLLOWING INSTALLATION
USE PART OF EXCAVATED SOIL TO BUILD AN IRRIGATION
BERM AT THE EDGE OF THE DRIPLINE, ABOUT 1-2" HIGH AND
3-4" WIDE A THE BASE. IMPORT SOIL AS NEEDED FROM
NEARBY HARVEST SITES

2" DEPTH OF MULCH
ROOTBALL
AMENDED BACKFILL
18" OR LESS

IRRIGATION BERM
UNDISTURBED SOIL
1.
2.
3.
4.

50% DEEPER THAN ROOTBALL

5.
6.
7.
2x ROOTBALL DIAMETER
CONIFER TRANSPLANT
CROSS SECTION

NOT TO SCALE

INSTALL PLANT SO THAT NORTH SIDE OF CANOPY IS
ORIENTED NORTH
SALVAGED PLANTS MUST NOT BE GREATER THAN 18" TALL.
SHORTER PLANTS ARE RECOMMENDED
EXCAVATE PLANTING PIT 2X THE DIAMETER OF THE
ROOTBALL AND 50% DEEPER THAN THE ROOTBALL
AMEND EXCAVATED BACKFILL SOIL WITH 20% ORGANIC
MATTER AND FIRM AROUND ROOTBALL ON SIDES AND
BOTTOM
ADD BACKFILL AROUND ROOTBALL IN 2" LIFT, WATERING EACH
LIFT THOROUGHLY BEFORE APPLYING THE NEXT LIFT
ADD 2" DEPTH OF MULCH TO COVER AN 18" AREA OF THE
GROUND/DRIPLINE; NO MULCH WITHIN 1" OF THE TRUNK
USE PART OF EXCAVATED SOIL TO BUILD AN IRRIGATION
BERM AT THE EDGE OF THE DRIPLINE, ABOUT 1-2" HIGH AND
3-4" WIDE A THE BASE. IMPORT SOIL AS NEEDED FROM
NEARBY HARVEST SITES

NOTES:

2.

BACKFILLED TRENCH

BEFORE INSTALLING EROSION MATTING,

EROSION CONTROL
BLANKET
5.
6.
7.

8.

9.

LAY BLANKETS LOOSELY AND USE STAPLES OR WOOD STAKES TO MAINTAIN CONTACT WITH SOIL. DO
NOT STRETCH.
STAKES WILL HAVE A MAXIMUM SPACING OF 18" TO 24" ON ALL SIDES IN A CHECKERBOARD
PATTERN.SOME SURFACE STAPLES AND STAKES MAY BE REPLACED WITH ROCKS OR LOGS.
UPWIND PORTIONS OF EROSION CONTROL BLANKET SHALL OVERLAP 12" OVER THE TOP OF DOWNWIND
PORTIONS OF BLANKET. WHEN APPLICABLE, UPGRADIENT PORTIONS OF BLANKET SHALL OVERLAP 12"
OVER THE TOP OF DOWNGRADIENT PORTIONS OF BLANKET (PERPENDICULAR TO DIRECTION OF WIND).
WITHIN THIS AREA OF OVERLAP, STAKES SHALL BE INSTALLED IN ZIG-ZAG PATTERN EVERY 12".
EROSION CONTROL BLANKETS SHALL BE KEYED INTO SOIL AT THE TOP AND BOTTOM OF SLOPE AT A
HORIZONTAL EXTENSION OF 8" AND A DEPTH OF 6". THESE TRENCHES SHALL BE SECURED USING
STAPLES OR WOOD STAKES, 18" ON CENTER, AND BACKFILLED (AND TAMPED) WITH SOIL. A SIMILAR
TRENCH WILL BE USED TO INSTALL UPWIND EDGES OF TOTAL AREAS TO BE COVERED BY EROSION
CONTROL BLANKET.
STAKES TO BE INSTALLED AT A DENSITY DEPENDING ON SLOPE; TO BE CLARIFIED IN
PROJECT-SPECIFIC RESTORATION NOTES.

8"

STAKE OR STAPLE
6"

EROSION CONTROL MATTING - TRENCH DETAIL
CROSS SECTION
NOT TO SCALE

STAKES OR STAPLES
STAKES OR STAPLES 18" O.C. IN
BOTTOM OF BACKFILLED TRENCH
EROSION CONTROL BLANKET
DOWNHILL
SLOPE

OVERLAP 12" OF
UPGRADIENT FABRIC
ON TOP OF LOWER
GRADIENT FABRIC

8"

STAKES OR STAPLES

6"
OVERLAP (TYP.)

PREVAILING WIND

STAKE PATTERN DETAIL

OVERLAP 12" OF
UPWIND FABRIC ON
TOP OF DOWNWIND
FABRIC

EROSION CONTROL MATTING - STAKE LAYOUT DETAIL
PLAN VIEW
NOT TO SCALE

EROSION CONTROL MATTING
CROSS SECTION

NOT TO SCALE

CREST OF CHECK DAM
2" BELOW HEIGHT OF
THE GULLY

EXISTING GULLY

BOULDERS KEYED INTO
BOTTOM OF GULLY
BASIC CHECK DAM
FRONT ELEVATION

NOT TO SCALE

FLOW

WING WALL ROCKS

SIDE OF GULLY

APRON ROCK

MAIN CHECK DAM ROCKS
KEYED INTO SIDE OF GULLY
6 INCHES MIN.

MONO WALL

BASIC CHECK DAM
PLAN VIEW

NOT TO SCALE

BASIC CHECK DAM NOTES
1.

2.
3.
4.
5.
6.
7.

CREST OF CHECK DAM (LOWEST ELEVATION OF TOP OF CENTRAL ROCK)
SHOULD BE 2 INCHES BELOW THE HEIGHT OF THE GULLY EDGE AND
HALF THE WIDTH OF THE GULLY
GULLY EDGE IS THE ELEVATION OF LAND SURFACE THROUGH WHICH
THE GULLY CUTS
WING WALLS SHOULD BE AT 45 DEGREE ANGLES TO FLOW OF WATER
AND KEYED INTO GULLY BOTTOM AND SIDE
ALL ROCKS (OR LOGS) SHOULD BE INSTALLED INTO THE GULLY BOTTOM
AT A DEPTH OF AT LEAST 1/3 THE HEIGHT OF THE ROCK
PRIMARY CHECK STRUCTURE SHOULD BE KEYED INTO THE GULLY SIDES
AT LEAST 6 INCHES
LOWEST GRADIENT COURSE OF APRON ROCK SHOULD BE A MONOWALL
APRON SHOULD BE AT LEAST 50% AS LONG AS THE WIDTH OF THE
GULLY (i.e. A 4 FOOT WIDE GULLY WOULD HAVE A MINIMUM 2 FOOT LONG
APRON)

LIVE WILLOW
CUTTING (TYP)

12" O.C.
TWINE

6-8" TYP.

WILLOW WATTLE
FRONT VIEW

GROUNDWATER
NOT TO SCALE

WILLOW WATTLE - NOTES
1.

LIVE WILLOW
CUTTING (TYP)

2.

WILLOW WATTLE
6" TO 8" TYP.
3.

4.

5.

GROUNDWATER
WILLOW WATTLE
CROSS SECTION

NOT TO SCALE

6.

ALL WILLOW CUTTINGS SHALL BE SOUND,
HEALTHY SPECIMENS. PLANT MATERIALS THAT
HAVE NO SERIOUS INJURIES. REFER TO
WILLOW RESTORATION GUIDE FOR COMPLETE
HARVEST GUIDELINES.
INDIVIDUAL CUTTINGS SHALL HAVE A BASAL
END OF 0.5 TO 1.5 INCHES IN DIAMETER.
WILLOW CUTTINGS DO NOT HAVE TO BE
STRAIGHT FOR WATTLES. LEAVE SEVERAL SIDE
BRANCHES TO FACILITATE WEAVING. WILLOW
STAKES (I.E., FOR ANCHORING WATTLE IN
TREAD) SHOULD BE MINIMUM 1.0" IN DIAMETER.
DIAMETER OF WATTLE SHOULD BE 6" TO 8".
WEAVE CUTTINGS WELL TO CREATE A TIGHT
BUNDLE.
FOR ADDED STRENGTH, TIE BUNDLE FOR
ADDED STRENGTH WITH COIR TWINE OR
SIMILAR BIODEGRADABLE MATERIAL.
INSTALL SO THAT 1/3 OF THE WATTLE IS BURIED
INTO THE GROUND AND AT LEAST 6" CUT INTO
THE SIDE OF THE GULLY.
INSTALL ONE WILLOW STAKE (MINIMUM 1"
DIAMETER) THROUGH THE CENTER OF THE
WATTLE (AND INTO GROUNDWATER OR HIGHLY
SATURATED SOIL) EVERY 12" ON CENTER, AT
LEAST 6" INTO THE GROUND. USE A PROBE
(REBAR OR SIMILAR) TO CREATE A PILOT HOLE
FOR THE WILLOW CUTTING AS NECESSARY TO
FACILITATE EASIER INSTALLATION OF THE
CUTTING. USE WOODEN STAKES AS
NECESSARY IF SUFFICIENT WILLOW STAKES
ARE NOT AVAILABLE. CUT TOP OF STAKE TO A
CLEAN HORIZONTAL FINISH TO REMOVE
DAMAGED MATERIAL LEFT FROM POUNDING
STAKE INTO THE GROUND.

8" TOPSOIL
ROCK OR PLANK WALL
PLANTINGS
ROCK OR PLANK
WALL

PLANTINGS
TOE WALL

EXISTING BANK
TOPSOIL FILL

EXISTING
GULLY
FLOOR

TOE WALL
COARSE
FILL

FULL GULLY RECONTOUR
PLAN VIEW

EXISTING GULLY
EXISTING
GRADE

FULL GULLY RECONTOUR
FRONT ELEVATION

NOT TO SCALE

TOP OF FILL AND TOP
OF GRADE CONTROL
STRUCTURES

NOT TO SCALE

FULL GULLY RECONTOUR
CROSS SECTION

NOT TO SCALE

FULL GULLY RECONTOUR NOTES
1. ROCK OR PLANK WALL GRADE CONTROL STRUCTURES TO BE
KEYED 6" INTO GULLY BOTTOM AND SIDES
2. TOP OF GRADE CONTROL STRUCTURES AND FINAL TOPSOIL
FILL SHALL BE EVEN WITH TOP OF GULLY
3. COURSE FILL MATERIAL SUCH AS ROCKS, LOGS, GRAVEL,
SAND, MINERAL FILL DIRT, ETC. SHOULD FILL THE BOTTOM OF
THE GULLY LEAVING 8" ON TOP FOR TOPSOIL FILL
4. TRANSPLANTED PLUGS OR TURF BLOCKS TO FILL THE
TOPSOIL AREAS AS MUCH AS POSSIBLE TO CREATE FULL
CLOSURE

PLANTINGS
PLANK WALL

8" TOPSOIL
(+/-)

RUBBLE WALL
BOULDER
RETAINING WALL

COARSE
FILL
EXISTING
GULLY
FLOOR
PLANK WALL
CROSS SECTION

PLANK WALL NOTES:
1. PLANKS SHALL BE CEDAR OR OTHER
"LOW ROT" TYPE OF MATERIAL
2. TOP OF PLANK SHALL BE BURIED
APPROXIMATELY 3"-6" BELOW
FINISHED SURFACE ELEVATION. NO
EXPOSED WOOD.
3. BOTTOM PLANK SHALL BE CUT THREE
INCHES INTO GULLY BOTTOM. SIDE OF
PLANK WALLS TO BE KEYED 6" INTO
GULLY SIDES
4. VERTICAL 2"x2" SUPPORTS ARE SET AT
12" ON CENTER

NOT TO SCALE

2"x2" VERTICAL
SUPPORTS 12" ON
CENTER SPACING
EXISTING BANK

PLANKS TIED
INTO BANKS
6" ON EACH SIDE

TOPSOIL FILL

TOPSOIL COVER
(3"-6" ABOVE TOP OF
PLANKS)
EXISTING GULLY
GEOMETRY

PLANTINGS
PLANK WALL
RUBBLE WALL
BOULDER
RETAINING WALL

PLANK WALL
PLAN VIEW

BOTTOM BOARD CUT 3"
(MIN.) INTO GULLY BOTTOM

NOT TO SCALE

PLANK WALL
FRONT ELEVATION

NOT TO SCALE

PLANT SALVAGE BEFORE TRAIL CONSTRUCTION - NOTES
1.
2.
3.

AVOID TRAMPLING ANY VEGETATION WITHIN THE TRAIL CORRIDOR
PRIOR TO PLUG SALVAGING.
EXCABATE/SALVAGE PLANTS WITH AT LEAST 5" DEEP ROOTBALLS PER
RESTORATION NOTES.
AVOID EXCAVATING ROOTBALLS DEEPER THAN THE PROPOSED TRAIL
SURFACE.
UNDISTURBED AREA
REMOVE TURF PLUGS
(SALVAGE) FROM DEEPEST
PART OF CUT PRIOR TO
TRAIL CONSTRUCTION.
MINIMUM 5" DEEP
PROPOSED TRAIL SURFACE

PLANT SALVAGE BEFORE TRAIL CONSTRUCTION
CROSS SECTION
NOT TO SCALE

UNDISTURBED
AREA
SALVAGE VEGETATION
IF POSSIBLE
EXISTING TRAIL
FILL MATERIAL FROM ORIGINAL
TRAIL CONSTRUCTION - TO BE
REMOVED
SALVAGE VEGETATION
IF POSSIBLE

TRAIL RECONTOURING - NOTES
TRAIL RECONTOURING - ORIGINAL CONDITION
CROSS SECTION
NOT TO SCALE

1.
2.
3.
4.

UNDISTURBED AREA

5.
PLACE FILL TO
RECONTOUR SLOPE

6.
REMOVE
BERM/CRITICAL EDGE

TRAIL RECONTOURING - CUT/FILL SLOPES
CROSS SECTION
NOT TO SCALE

UNDISTURBED
AREA
FINAL PROPOSED
SLOPE
SLOPE RESTORATION WITH
PLUGS, TRANSPLANTS, SEED,
AND EROSION MATTING

TRAIL RECONTOURING - FINAL CONDITION
CROSS SECTION
NOT TO SCALE

SALVAGE ALL VEGETATION GROWING IN THE
CRITICAL EDGE BEFORE REMOVING CUT MATERIAL
EXCAVATE AT LEAST 4" DEEP ROOTBALLS
REMOVE TRAIL BERM (I.E. CRITICAL EDGE) AND PLACE
ON CUT SLOPE TO CREATE FILL SLOPE
IMPORT ADDITIONAL FILL MATERIAL AS NECESSARY
(IF AVAILABLE) TO COMPLETE THE FILL SLOPE.
FILL SLOPE SHOULD NOT BE GREATER THAN 60% AND
COMPACTED SLIGHTLY
ALL DISTURBED SLOPES SHOULD BE RESTORED WITH
PLUGS, SEED, AND/OR EROSION CONTROL MATTING
ACCORDING TO SITE-SPECIFIC RESTORATION NOTES

1.
2.

3.

4.
5.

CREATE MONOWALL WITH 8" TO 12" ROCK AT THE BASE OF THE
PROPOSED NEW FILL SLOPE
FINAL FILL SLOPE SHOULD BE NO STEEPER THAN 1:1 (45 DEGREE
ANGLE). RAISE HEIGHT OF MONOWALL AS NECESSARY TO ACCOMPLISH
A SUITABLE FILL ANGLE
ROCK MONOWALL WILL BE BURIED APPROXIMATELY 50% INTO THE
GULLY/TREAD BOTTOM AND AS FAR AWAY FROM THE CUT SLOPE AS
POSSIBLE TO MINIMIZE THE STEEPNESS OF THE FILL SLOPE. LOGS AND
OTHER MATERIALS MAY REPLACE ROCK AS LOCAL CONDITIONS ALLOW
USE AVAILABLE NATIVE SOIL AND ROCK TO BACKFILL INTO VOID FROM
ERODED EXISTING CUT SLOPE
RAPID VEGETATION ESTABLISHMENT IS ESSENTIAL DUE TO STEEP
LOOSE FILL SOIL. REVEGETATE WITH GRASS PLUGS, RHIZOMATOUS
SPECIES, AND SEED/EROSION MATTING ACCORDING TO SITE-SPECIFIC
RESTORATION NOTES
EXISTING VEGETATED
SLOPE

EXISTING ERODED CUT

PLACE FILL TO RECONTOUR
AND STABILIZE SLOPE
OPTIONAL - AS NEEDED TO
REDUCE SLOPE ANGLE
8-12" BOULDER
MONOWALL

TUNDRA SUPPORT
CROSS SECTION

NOT TO SCALE

NOTES:
1. PLANT INSTALLATION DENSITY WILL BE PER REVEGETATION AND
BIOENGINEERING NOTES
2. WRAP FOR SOIL LIFTS SHALL CONTAIN KOIR 700. IF SOILS ARE
HIGHLY ERODIBLE, AN INNER LAYER OF KOIR 900 SHALL BE
PLACED INSIDE THE KOIR 700. (KOIR 700 AND 900 OR APPROVED
EQUAL)
3. SOIL LIFT SHALL BE CONSTRUCTED WITH FORMS TO OBTAIN
PROPER COMPACTION AND LIFT HEIGHT.

PLACE FILL TO RECONTOUR
AND STABILIZE SLOPE
COIR FABRIC FILLED WITH
NATIVE SOIL TO CREATE LIFTS

EROSION CONTROL
BLANKET

SALVAGED VEGETATION
PLANTED BETWEEN LIFTS (TYP.)
18" DEAD STOUT STAKE
(TYP.)

OPTIONAL - AS NEEDED TO
REDUCE SLOPE ANGLE

VEGETATED SOIL LIFTS
CROSS SECTION

NOT TO SCALE

APPENDIX C
Alpine Revegetation Matrix
DRAFT

* This is the abbreviated version for the alpine revegetation matrix (includes most commonly used species)
Seed = recommended establishment method (hand collected preferred)

Establishment Methods*
Species (USDA)

Common Name

Characteristics

Form

Seed

Turf

Plugs

Achillea lanulosa var
occidentalis (native
ecotype)

common yarrow

lvs alternate, fern-like, pale grayish-green with long
white (villous) hairs; narrower lvs and lflts than alpine
avens.

Forb

x

x

x

Achnatherum
lettermanii

Letterman's needlegrass

small bunch with tall culms; long erect narrow lvs,
involute; no ligule; narrow panicle; awnes 1.5 - 2 cm.

Grass

x

x

x

Geum rosii

alpine avens

lvs. mostly basal, pinnatifid or bipinnatifid, bright
green, glabrous or sparsely ciliate; dense turf; areas
with little winter snow cover.

Forb

Tiny annual; umbels subtended by whorl of broad
bracts; basal rosette of lvs.

Forb

x

x

pygmyflower
rockjasmine

Tiny, white-flowered annual w/rosette of
oblanceolate basal lvs, often dentate, glabrous; false
umbel.

Forb

x

x

alpine kittentails

large basal cordate-ovate lvs, small cauline lvs, serratecrenate, wooly when young, becoming glabrous
w/age; purple flrs in dense spike; sparse pubescence
on petiole.

Forb

Cardamine cordifolia

heartleaf bittercress

white flowers; dense along streams and shaded areas;
subalpine to lower alpine; erect to spreading siliques;
triangular-cordate lvsl; white flrs.

Forb

Carex aquatilis

water sedge

lvs glaucus, often like C. nebrascensis lvs, but not as
prominantly nerved; androgenous, nebrascensis
doesn't grow above 8,500'

Holm sedge

lvs flat, 6 mm wide; 2-4 closely aggregated spikes,
football shaped, drooping; terminal spike
gynecandrous; dark purple peryginia w/greenish
margin; narrow long lanceolate dark reddish to
brown/black scales; upper alpine, mesic meadows.

Androsacae
occidentalis
Androsacae
septentrionalis

Besseya alpina

Carex chalciolepis

x

x

x

x

Sedge/Rush

x

x

Sedge/Rush

x

x

Cuttings

Establishment Methods
Species (USDA)

Common Name

Turf

Plugs

Similar to C. aquatilis or hystericina, but reddish scales
and spreading to ascending peryginia. Subalpine, fens Sedge/Rush
& pond shores, big colonies.

x

x

dryspike sedge

From Matterhorn basin, growing in loose soils; very
long scaly rhizomes; dry sites; gynecandrous.

Sedge/Rush

x

x

cloud sedge

lvs flat, 1.5 mm wide; 4-7 closely aggregated ovoid
spikes, androgynous; peryginia winged at base;
short/narrow scales, acute ovate;, brownish-black;
generally smaller plant than C chalciolepis,; latemelting snowpatches, mesic meadows.

Sedge/Rush

x

x

Carex scopulorum

mountain sedge

lvs flat to folded, 3-7 mm wide, dark green; terminal
staminate spike pistilate, infl. can be gynecaendrous
or androgenous (very dark), 2-6 pistilate spikes
aggregated below, pedunculate; perigynia orbicular,
biconvex, or irregularly inflated, splotched purpleblack; short/narrow scales, obovate, black; 10-40 cm
tall; marshes, mesic/hydric.

Sedge/Rush

x

x

Cerastium
beeringianum

Beering's chickweed

lvs oblanceolate to oblong to spatulate, opposite,
viscid pubescent; densely to loosely matted.

Forb

?

Hordeum jubatum

foxtail barley

Subalpine; 3 spikelets/node (only 1 fertile, other 2
rudimentary & pedicelled); wide leaves, not
auriculate; no ligule.

Grass

x

x

x

timber oatgrass

lvs hairy; ligule ciliate/erose; twisted awn from bifid
lemma apex; lemma lanate on margins & base,
glabrous on face.

Grass

x

x

x

tufted hairgrass

mesic to xeric habitats, early-melting snowfields;
blades long, flat to folded, sharp-tipped; ligule long
and pointed (5 mm), open sheath; inflorescence salt-npepper looking.

Grass

x

x

x

Carex utriculata

Carex foenea

Carex haydeniana

Danthonia intermedia

Deschampsia
caespitosa

Characteristics

Form

Seed

Cuttings

Establishment Methods
Species (USDA)
Elymus glaucus

Common Name

Characteristics

blue wildrye

Elymus scribneri

Form

Seed

Turf

Plugs

subalpine. up to 1 m tall; broad, lax lvs.; loosely
cespitose; narrowly-paniculate to spike-like; awnes
1.5 cm; glumes prominently nerved, linear to linearlanceolate (1-2 mm wide).

Grass

x

x

x

awnes on glumes & lemma +/- 2 cm long, straight
when fresh, scabrous to barbellate; 3-4 (5) florets per
spikelet; minute ligule; lvs involute; infl.
subpaniculate.

Grass

x

x

x

Eremegone fendleri

Fendler's sandwort

lvs filiform, opposite, blueish-green, 2-8 cm, glandular
pubescent; white flrs with red anthers, 3 styles,
branched infloresence.

Forb

x

Erysimum capitatum

western wallflower

oblanceolate to spatulate lvs, basal and cauline, entire
to dentate, 5-20 cm, appressed hairs; petals yellow to
orange, 12-24 mm long; silique green ascending.

Forb

x

Festuca brachyphylla
(and similar festucas)

alpine fescue

narrow lvs, yellow-green to light straw colored, many
old leaf bases present; very short and tufted
perennial; mesic/xeric habitats.

Grass

x

x

x

Festuca thurberi

Thurber's fescue

ligule 4 mm long; awnless to awn-tipped; spikelets ~ 1
cm long; lvs mostly basal, < 3mm wide; open panicle;
Tall bunchgrass, forming large stands; subalpine.

Grass

x

x

x

Noccaea fendleri ssp.
montana

alpine pennycress

oval-spatulate basal lvs, oblong-lanceolate cauline lvs,
entire to toothed, purple tinged leaf apex, glabrous;
fruit elliptical, narrowly winged; white flowers.

Forb

x

Phacelia heterophylla

virgate scorpionweed

hirsute hastate lvs; white flowers.

Forb

x

Phacelia sericea

Purple fringe

silvery-green pinnate leaves; inflorecense a tall spike
of purple flowers with long exerted yellow/orange
anthers. Gravelly disturbed sites.

Forb

x

Picea engelmannii

Engelmann spruce

Wider canopy than subalpine fir, reddish-brn bark,
sharp-tipped square-ish needles.

Tree

x

Cuttings

Establishment Methods
Species (USDA)

Common Name

Poa alpina

alpine bluegrass

Poa arctica

arctic bluegrass

Populous tremuloides

quaking aspen

Potentilla hippiana

woolly cinquefoil

lvs bicolored, tomentose below, silvery above,
pinnate, broad leaflets; stem green to red; style >1.2
mm.

Forb

x

x

Potentilla pulcherrima

beautiful cinquefoil

leaves large, 5-foliate, subdigitate; meadows, rocky
slopes, low alpine.

Forb

x

x

Tetraneuris grandiflora

old-man-on-themountain

largest yellow flowers in Alpine. Monocarpic (one
generation, then dies). Heliotropic (facing east)

Forb

x

x

Salix brachycarpa

shortfruit willow

Flowering after or with leaves; yellowish stems;
leaves white and wooly beneath.

Shrub

x

Salix planifolia

diamondleaf/
planeleaf willow

precocious (catkins before lvs) purple-stemmed; twigs
are deep red-purple on the recent-years growth and
are faintly pruinose. Lvs are glaucus on the
underside. Can often look like monitcola, but
planifolia doesn’t get sunburning.

Shrub

x

Senecio atratus

tall blacktip ragwort

black-tipped phyllaries; wooly pubescense,
oblanceolate leaves w/brown denticles; rhyzomatous;
colonizes disturbed sites in upper subalpine.

Forb

x

Silene acaulis

moss campion

leaves linear, bright green, sessile-crowded, serrulate,
5-20 mm long, ciliate margins; purple flowers.

Forb

x

Trisetum spicatum

narrow false oats

leaves with boat-shaped tips; 2 spikelets per node,
one on long peduncle; longish awns, xeric meadows,
rock crevises, scree.

Grass

beardless oats

tall, loose but closed panicle, 3 florets/spikelet; no
awns, long blunt ligule; short rhizomes; marshy areas,
upper subalpine.

Grass

Trisetum wolfii

Characteristics
very wide lvs; short caespitose grass; no hairs at base
of lemma; snow patches, mesic sites.
small narrow lvs., long crinkly hairs at base of lemma,
ligule 2-4mm; rhizomatous; late-melting snow
patches, scree, frost boils.

Form

Seed

Turf

Plugs

Grass

x

x

x

Grass

x

x

x

Tree

x

x

x

x

x

x

x

x

x

x

Cuttings

no

APPENDIX D
USFS Region 2 Sensitive Species List
(as of May 30, 2017)
NON-VASCULAR
Sphagnum angustifolium
Sphagnum balticum

sphagnum
Baltic sphagnum

FERNS & ALLIES
Botrychium ascendens
Botrychium campestre
Botrychium paradoxum
Lycopodium complanatum
Selaginella selaginoides

trianglelobe moonwort
Iowa moonwort, prairie moonwort
peculiar moonwort
groundcedar
club spikemoss

ANGIOSPERMS - MONOCOTS
Calochortus flexuosus
Carex alopecoidea
Carex diandra
Carex livida
Cypripedium montanum
Cypripedium parviflorum
Eleocharis elliptica
Epipactis gigantea
Eriophorum chamissonis
Eriophorum gracile
Festuca hallii
Galearis rotundifolia
Kobresia simpliciuscula
Liparis loeselii
Malaxis monophyllos var. brachypoda
Platanthera orbiculata
Ptilagrostis porteri
Schoenoplectus hallii
Triteleia grandiflora

winding mariposa lily
foxtail sedge
lesser panicled sedge
livid sedge
mountain lady's slipper
lesser yellow lady's slipper
elliptic spikerush, slender spikerush
stream orchid, giant helleborine
Chamisso's cottongrass
slender cottongrass
plains rough fescue
roundleaf orchid
simple bog sedge
yellow widelip orchid
white adder's-mouth orchid
lesser roundleaved orchid
Porter's false needlegrass
Hall's bulrush
largeflower triteleia

ANGIOSPERMS - DICOTS
Aliciella sedifolia
Aquilegia chrysantha
Aquilegia laramiensis
Armeria maritima ssp. sibirica
Asclepias uncialis
Astragalus barrii
Astragalus iodopetalus
Astragalus leptaleus
Astragalus missouriensis var. humistratus
Astragalus proximus
Astragalus ripleyi
Braya glabella
Chenopodium cycloides
Cuscuta plattensis

stonecrop gilia
Rydberg's golden columbine
Laramie columbine
Siberian sea thrift
wheel milkweed
Barr's milkvetch
violet milkvetch
park milkvetch
Missouri milkvetch, Archuleta milkvetch
Aztec milkvetch
Ripley's milkvetch
smooth northern-rockcress
sandhill goosefoot
prairie dodder, Wyoming dodder

Descurainia torulosa
Draba exunguiculata
Draba grayana
Draba smithii
Draba weberi
Drosera anglica
Drosera rotundifolia
Eriogonum brandegeei
Eriogonum exilifolium
Eriogonum visheri
Gutierrezia elegans
Ipomopsis aggregata ssp. weberi
Lesquerella fremontii
Lesquerella pruinosa
Mimulus gemmiparus
Neoparrya lithophila
Oreoxis humilis
Packera mancosana
Parnassia kotzebuei
Penstemon absarokensis
Penstemon caryi
Penstemon degeneri
Penstemon harringtonii
Physaria didymocarpa var. lanata
Physaria pulvinata
Physaria scrotiformis
Potentilla rupincola
Primula egaliksensis
Pyrrocoma carthamoides var. subsquarrosa
Pyrrocoma clementis var. villosa
Pyrrocoma integrifolia
Ranunculus grayi
Rubus arcticus ssp. acaulis
Salix arizonica
Salix barrattiana
Salix candida
Salix myrtillifolia
Salix serissima
Sanguinaria canadensis
Shoshonea pulvinata
Thalictrum heliophilum
Townsendia condensata var. anomala
Utricularia minor
Viburnum opulus var. americanum
Viola selkirkii
Xanthisma coloradoense

mountain tansymustard
clawless draba
Gray's draba
Smith's draba
Weber's draba, Weber’s whitlowgrass
English sundew
roundleaf sundew
Brandegee's buckwheat
dropleaf buckwheat
Visher's buckwheat, Dakota buckwheat
Lone Mesa snakeweed
scarlet gilia
Fremont's bladderpod
Pagosa Springs bladderpod
Rocky Mountain/Budding monkeyflower
Bill's neoparrya
Pike’s Peak alpineparsley
Mancos shale packera
Kotzebue's grass of Parnassus
Absaroka Range beardtongue
Cary's beardtongue
Degener's beardtongue
Harrington's beardtongue
common twinpod
cushion bladderpod
west silver bladderpod
rock cinquefoil, Rocky Mountain cinquefoil
Greenland primrose
largeflower goldenweed
tranquil goldenweed
many-stemmed goldenweed
ice cold buttercup
dwarf raspberry
Arizona willow
Barratt's willow
sageleaf willow, sage willow
blueberry willow
autumn willow
bloodroot
Shoshone carrot
Cathedral Bluff meadow-rue
cushion Townsend daisy
lesser bladderwort
American cranberrybush, mooseberry
Selkirk's violet
Colorado tansyaster

GYMNOSPERMS
Pinus albicaulis

whitebark pine

APPENDIX E
Additional Restoration Resources
Colorado Natural Heritage Program (2016). CNHP Tracked Vascular Plant Species [web application]. Fort Collins,
CO: Colorado Natural Heritage Program, Colorado State University. Retrieved online (on 03/28/2016) at
Colorado Natural Heritage Program’s website: http://www.cnhp.colostate.edu/download/list/vascular.asp.
Ebersole, J.J., Bay, R.F., and Conlin, D.B. (date and publication unknown). Vegetation Restoration of Alpine Social
Trails on Colorado’s 14,000-foot Peaks.
Elliott, J. G., Gellis, A. C. & Aby, S. B. (1999). Evolution of Arroyos: Incised Channels of the Southwestern United
States, In S.F. Darby & A. Simon (Eds.). Incised River Channels: Processes, Forms, Engineering, and
Management (pp. 153-185). Chichester, UK: J Wiley.
Eubanks, C. E. & Meadows, D. (2002) A Soil Bioengineering Guide for Streambank and Lakeshore Stabilization.
Illustrations and details by Jill S. Cremer. San Dimas, CA: U. S. Department of Agriculture, Forest Service,
Technology and Development Program.
Fripp, J., Hoag, J. C., & Moody, T. (2008). Streambank soil bioengineering: A proposed refinement of the definition.
(U. S. Department of Agriculture - Riparian/Wetland Project Information Series: 23). Natural Resources
Conservation Service
Giordanengo, J. H. & Mandel, R. H. (2015). Field Guide for Harvesting and Installing Willow and Cottonwood
Cuttings. Co-published by: Denver, CO: Colorado Water Conservation Board. & Fort Collins, CO: Synergy
Ecological Restoration [ed.: Available by request from John Giordanengo (john@synergy3.org)]
Giordanengo et al., 2016. Living Streambanks: A Guide to Bioengineering Treatments for Colorado Streams.
https://coloradoewp.com/document/living-streambanks-manual-bioengineering-treatments-coloradostreams.
Hoag, J. C., & Fripp, J. (2005). Streambank Soil Bioengineering Considerations for Semi-Arid Climates. (U.S.
Department of Agriculture - Riparian/Wetland Project Information Series: 18). Aberdeen: U. S. Department
of Agriculture, Natural Resources Conservation Service: Plant Materials Center.
May, D. E.; Webber, P. J. 1982. Spatial and temporal variation of the vegetation and its productivity, Niwot Ridge,
Colorado. In: Halfpenny, J. C., ed., Ecological studies in the Colorado alpine. University of Colorado
Institute of Arctic and Alpine Research. Occ. Pap. 37.
Natural Resources Conservation Service (1996). Chapter 16: Streambank and Shoreline Protection. In Engineering
Field Handbook (Part 650) In National Engineering Handbook. U. S. Department of Agriculture, Natural
Resources Conservation Service.
Natural Resources Conservation Service (2007). Stream Restoration Design (Part 654). In National Engineering
Handbook. U. S. Department of Agriculture, Natural Resources Conservation Service. [ed. Includes
Technical supplement 14l: Streambank Soil Bioengineering]
Natural Resources Conservation Service (2012). Contour Wattles Fact Sheet. Denver, CO: Natural Resources
Conservation Service, Denver Federal Center. Retrieved online at NRCS Colorado’s website:
www.co.nrcs.usda.gov.
Natural Resources Conservation Service (2014). Guidance for Stream Restoration. (Technical Notes: Engineering
27.3). U. S. Department of Agriculture, Natural Resources Conservation Service. Retrieved online (on
03/14/2016) at NRCS Colorado’s website:
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/co/technical/?cid=nrcs144p2_063015.
Natural Resources Conservation Service (2016). PLANTS Database. Greensboro, NC: U. S. Department of
Agriculture, National Plant Data Team. Retrieved online (on 03/14/2016) at: http://plants.usda.gov/java/.

Natureserve. (2016) NatureServe Explorer: An online encyclopedia of life [web application]. Version 7.0. Arlington,
VA.: NatureServe. Retrieved online (on 03/28/2016) at NatureServe’s website:
http://explorer.natureserve.org.
Neary, V. S., Constantinescu, S. G., Bennett, S. J., & Diplas, P. (2012). Effects of Vegetation on Turbulence,
Sediment Transport, and Stream Morphology. Journal of Hydraulic Engineering 138(9), 765-776.
Schumm, S. A., Harvey, M.D. & Watson, C.C. (1984). Incised Channels: Morphology, Dynamics and Control.
Littleton, CO: Water Resources Publications [Ed. Permission granted by Water Resources Publications,
Copyright Holder, to adapt “Figure 6-7. Schematic longitudinal profile of an active channel showing
identifiable features. Schematic cross section profiles corresponding to reaches on the longitudinal profile
show the evolution of the reaches from Type I to Type V. Typical width-depth (F) values are shown. Size of
the arrows indicate the relative importance and direction of the dominant processes, degradation,
aggradation and lateral bank erosion.”
Seiple, R.A., Clark, D. and Colorado Natural Areas Program (Eds.). (1998) Native Plant Revegetation Guide for
Colorado, Caring for the Land Series, Volume III. Denver, CO: Colorado Natural Areas Program, Colorado
State Parks, Colorado Department of Natural Resources. Retrieved online (on 03/14/2016) from Colorado
Parks and Wildlife’s website: https://cpw.state.co.us/Documents/CNAP/RevegetationGuide.pdf
Southern Rockies Seed Network (2015). Guidelines for the Ethical Harvest of Plant Materials (2015), Fort Collins,
CO: Synergy Ecological Restoration. [ed.: Available by request from john@synergy3.org]

