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ABSTRACT

The U.S. Depatment of Interior National Park Service has adopted a policy of
‘retoration’” with native indigenous plants on al disturbances related to road congtruction, visitor
impact, and facility maintenance. The Nationd Park Service is committed to maintaining the
genetic integrity of the, often, unique native flora, with secondary goas of erosion control,
competition with exotic and noxious invasive plants, and improved aesthetics. Since 1986,
Y ellowstone and Glacier Nationa Parks have been working cooperatively with the USDA-NRCS
Pant Materids Center in Bridger, Montana to determine which native plant species can be readily
collected, increased, and successfully reestablished on disturbed Stes. To maximize species
diversty and compatibility, plant mixtures are designed to minimize competitive interactions. Seed
mixtures are a combination of short-lived perennids (early colonizers) and long-lived perennias
(late serd dominants). To capture the genetic diversty of early successond (primarily sdlfed)
plants, seed is collected from severd populations within a project area.  However, with the late
serd dominants (primarily outcrossed) the number of populations needed to harvest is sgnificantly
less. Early colonizing species usualy have abundant and consistent seed production, effective seed
dissemination, higher germination percentages, and broad tolerances of disturbed Sites. Late serdl
dominants are found on older, less severdy impacted areas. They are included in mixtures to
accelerate succession, but they may not always be suited to the edaphic conditions of a severely
impacted ste. The production of seed and/or plants of native species at a site remote to the Parks
had been found to be possble with minimal genetic drift or naturdl sdlection. With topsoil salvage
and utilizing native indigenous plant materid, Yelowstone and Glacier Nationd Parks have
developed very successful restoration programs.

YUSDA-NRCS Plant Materias Center, Route 2, Box 1189, Bridger, Montana 59014



INTRODUCTION

Revegetation, reclamation, and restoration--al imply the reestablishment of plant cover on
a digurbed dte, but if taken literdly may imply three levels or intendties of Ste mitigation.
‘Revegetation’ is smply the re-establishment of a plant cover, often a monoculture of an introduced
plant species.  Although reatively inexpensve, revegetation may not offer permanence or
ecological dability. ‘Reclamation’ has been defined historically as the process of returning
disturbed land to a condition that approximates the origina Site conditions and is habitable by the
same or smilar plants and animals which existed on the ste before disturbance (Redente . d
1994). ‘Redtoration’ strives to emulate the structure, function, diverdity, and dynamics of a specific
ecosystem. Topsoil sAlvage can preserve the soil biota aong with viable propagules of indigenous
plant maerids. By utilizing native indigenous plant materia (seed, cuttings, trangplants), the genetic
integrity and divergty of the native plant communities will be maintained. Even with soil sdvage and
the use of native indigenous plant materids, restoration must not be interpreted as a discrete event,
but rather as an ongoing process involving the reestablishment of nutrient cycling, plant successon,
and plant community dynamics.

The U.S. Department of Interior National Park Service (NPS) has adopted a policy of
‘retoration’ of al disturbed dtes related to road condruction, vistor impact, and facility
maintenance. The NPS is committed to maintaining the genetic integrity of the, often, unique naive
flora, with secondary gods of eroson control, competition with exotic and noxious invasive plants,
and improved overd| aesthetics of disturbed stes. In 1985, with financial support from the Federa
Highway Administration, both Ydlowstone National Park (northwestern Wyoming) and Glacier
Nationd Park (northwestern Montana) initiated a restoration program that involved topsoil and
plant sdvage, native indigenous seed collection and production, plant propagation from seed and
cuttings, and extensve seeding and planting of disturbed stes. A nationwide cooperdtive
agreement between the National Park Service and the U.S. Department of Agriculture--Natura
Resources Conservation Service Plant Materids Centers (PMCs) was established in 1986 to assst
in the determination of which native species could be readily collected, increased, and successfully
reestablished on disturbed stes. The decision by the NPS to adopt a restoration policy has
generated many unanswvered questions and much controversy concerning the protection and
preservation of the indigenous gene pooals, eg.,

+What plant species can be considered indigenous to an open disturbance in a forest
community?

+What congtitutes the limits of a genotype? How far away from the project area can
plant propagules be collected and still be within these limits?

+What species can be readily collected and produced using standard agricultural
techniques?

+By taking seed outside of the park to a dissmilar environment to increase seed or
plants, is genetic drift or natural selection going to impact the genetic integrity of the
plant materia?

+What plant species will be compatible in mixtures and what type of plant community is
an acceptable restoration god?



SPECIES SELECTION

Once the NPS made the decison to utilize native indigenous plant materids in its
resoration efforts, its next decison was to determine what species would naturaly colonize on
open disturbances within forest communities. In Ydlowstone Nationa Park, the first road project
was through lodgepole pine (Pinus contorta) habitat types, whereasin Glacier Nationd Park, the
firsg project was dong Lake McDonad through a cedar-hemlock (Thuja plicata/Tsuga
heterophylla) habitat type. It was assumed that the understory species of the adjacent forest
communities would not be adapted for use on the open road corridors. By examining abandoned
roads, burns, old disturbance areas (both manmade and naturd) the early colonizing species were
identified and by examining open parks and meadows the late serd dominants were identified.
Chambers et d. (1984), working in the dpine zone of the Beartooth Mountains of South-Central
Montana, found early colonizing species to have characteristics most desirable for reclamation of
dpine disturbances. These species exhibited an ability to establish and grow on harsh phytotoxic
gtes, frequently have larger ecologicad amplitudes, and are distributed over wide geographic aress.
Harper (1977) stated that early colonizing species usudly had abundant and consstent seed
production, effective seed dissemination, higher germination percentages, and broad tolerance for
edtablishment on disturbed Stes. Late serd dominants, on the other hand, as defined by Johnson
and Billings (1962), are found on older and less severdly disturbed Sites. These species are often
included in seed mixtures to accelerate succession, but may not be completely successful because
of competition from early colonizers, or smply may not be suited to the edaphic conditions of the
disturbed ste. Both Y dlowstone and Glacier Parks are creating mixtures for each specific project
that include both early colonizing and late serd dominant species (table 1). Mixtures are rdatively
sample, relying somewhat on exigting propagules in the salvaged topsoil and seed rain from adjacent
areas to compliment the seeded materidl.

Table 1. Native plant species found to reestablish naturally on disturbed stes in Y dlowstone and
Glacier Parks.

COLONIZERS

Short-lived Perennial Grasses Perennia Forbs

Elymus trachycaulus slender wheatgrass Achillea millefolium western yarrow

Bromus marginatus  mountain brome Anaphalis margaritacea pearlyeverlasting

Elymus elymoides bottlebrush squirreltail  Phacelia hastata slverleaf phacdlia

Elymus glaucus blue wildirye Aster integrifolius thickstem aster
Solidago canadensis goldenrod
Viguiera multiflora showy goldeneye

LATE SERAL DOMINANTS

Long-lived Perennial Grasses Perennia Forbs

Poa ampla big bluegrass Lupinus argenteus slvery lupine

Deschampsia cespitosa tufted hairgrass Eriogonum umbellatum  sulfur eriogonum

Pseudoroegneria spicata bluebunch wheatgrass Penstemon confertus

yellow penstemon
Festuca idahoensis Idaho fescue Geranium viscosissmum  sticky geranium

Poa alpina apine bluegrass Potentilla gracilis cnquifoil



Phleum alpinum dpine timothy
Agrostis scabra rough bentgrass

GENOTYPE DETERMINATION

The genetic variahility within and among plant populaions vary by species as a function of
geographic range, reproduction mode, mating system, seed digpersl mechanism, and stage of
successon (Hamrick 1983). Whether a species is sdf-pollinating or outcrossng makes a
difference in genetic variability. The sdfing mode of reproduction limits the movement of dldes
from one population to another, so these gpecies are found in small digunct populations with little
variation within a population, but diginct variation among populations. Outbreeding plants have
widely digpersed pollen and seed, and tend to exhibit Sgnificant variation among individuas but less
variation among populations. Species with winged or plumose seeds have the grestest potentia for
gene movement and subsequently have less variability among populations.

To capture the genetic diversty of early successond stage (primarily sdfed) plants, seed
would have to be sampled from severd populations within a project area. However, with late serdl
dominants (primarily outcrossed), the number of populations that would need to be harvested is
sgnificantly less.

When a disturbed Steis planted with seed from an adjacent or close proximity Ste thereis
a possihility that a digtinct, new genotype may develop. Jain and Bradshaw (1966) found that
those species that evolve on a disturbed sSte may actudly be geneticdly different than individuds of
the same species on adjacent undisturbed sites.  Antonovics (1968) found that on harsh Stes
characterized by low pH and heavy metds, grass species had the ability to change from an
outcrossing to a sdf-pallinating mode of reproduction in order to prevent dilution of the gene pool
by adjacent unadapted populations. This raises the question of the need to harvest from many stes
if anew diginct genotype will evolve on disturbed sites as influenced by the harshness and edaphic
conditions of the Site,

At this point, what actualy conditutes a genotype is more theory than fact. Presently,
some nationd parks have sdf-imposed collection redtrictions of 5 km for short-lived, sdf-
pallinating species, 8 km for short-lived outcrossng species, and up to 16 km for long-lived
outcrossing species. These distances may be smdler if there are mgor changes in geography and
plant community types within the project area. Y dlowstone Park has adhered to these collection
radiuses, while Glacier Park is collecting in close proximity of the projects Stes in the dpine region
(Logan Pass) and the fescue grasdands (east dope of Continenta Divide), but have gone outside
the park to burned areas and forest clearcuts to meet the needs for colonizing speciesto use dong
road corridors through the dense Cedar\Hemlock habitat types west of the Continenta Divide.

SEED AND PLANT PRODUCTION



There is some question as to how much naturd selection and genetic drift will occur when
seed is grown & a Ste remote from the origind source. Merrdl (1981) stated that individuals
devedoping a the same time, but under different environmenta regimes, may have different
phenotypes develop, even though their genotype is essentiadly the same. Seed production at a Site
remote from and dissimilar to the origina collection sSite, has the potentid for natural sdection and
genetic drift. Thereisapotentid for a decrease in genetic diversity at severd stages of production,
i.e, the 9zing nature of the cleaning process may exclude the largest and smdlest seeds, harsh
conditions & the time of germination and emergence may limit the surviva to only the mogt viable
seeds, as individud plants compete for space and nutrients in the seed production fiedld some
individuals may succumb to others, and during the harvesting process only those seeds that are
mature a the time of harvest will be represented--early and late maturing individuas will be
excluded. Samples of three generations of mountain brome were evaluated both phenotypically
and genotypicaly by Dr. Thomas Mitchdl-Olds and Dianne Pavek at the University of Montana-
Missoula The origina collection (Go) was collected in the Dickie Creek drainage at the southern
border of Glacier Park (1987), the second generation (G;) was produced at the Bridger PMC
(1990) in a fidd established with G seed, and the third generation (G, ) was produced at the
Bridger PMC (1992) from a stand established with G seed. Mitchdl-Olds (1993) found the
phenotypic variation (comparing morphologica characteristics at three common garden Stes in
GNP) and genotypic variaion (isozyme eectrophoretic andyss utilizing 25 scorable bands) was
non-Sgnificant among the three generations of mountain brome.  The distance coefficients (after
Johnson and Wischern 1982) and the smilarity coefficients (after Gottlieb 1977) indicated that
there was very little difference among the origind mountain brome collection and the two
subsequent generations grown at the Bridger PMC. Although this data is for only one species, it
supports the potentid for producing native indigenous plant materids a dtes remote from ther
source with minimum impact on the genetic integrity of the origina gene pool.

If commercialy produced native seed is to be used in restoration projects, the planning
process must dlow at least three years, the first to collect seed, the second to plant and establish a
seed production fidld, and the third to make the first seed harvest. Three to four harvests can be
taken from a field before production drops to an uneconomica level. The cost of producing seed
under commercid conditions varies gregtly with species, sze of fidd, yealy environmentd
conditions, and the timing of harvest. Seed production under cultivated conditions, however,
produces a more reliable quantity and qudity of seed than under natural conditions. Both
Yedlowstone and Glacier Nationd Parks utilize multiple sources of plant materid for ther
retoration projects. Salvaged plant materid is ether directly trangplanted or potted for later use.
Seed of native indigenous plants is collected for direct seeding, seeding of flats or containers, or for
seed increase at the Bridger Plant Materids Center; cuttings are propagated at each Park’s own
nursery facilities, and containerized materia is grown a their nurseries or contracted to commercia
nurseries.

To date, there are only afew private growers that are attempting to grow native indigenous
ecotypes under contract with the National Park Service and the U.S. Forest Service. Contracts
with private growers include dipulations to guarantee genetic purity, and usudly a set price and
maximum/minimum amount of seed that will be purchased. Many of the native species of grasses
and forbs that are under consgderation for use in restoration projects have not been grown
commerddly—leaving questions about germination and dormancy problems, establishment
techniques, cultura management, and harvest. The cost of production is dependent on the size of



the production fidd, difficulty in maintaining a clean pure stand, uniformity of ripening, ease of
harvesting, and ease of cleaning (table 2).

Table 2. Average cost of production of seed production of native plants based on fidd Sze, ease
of production, and ease of cleaning. Average of saverd Plant Materids Centersinvolved in
Nationa Park Restoration Projects.

Ease of Production and Cleaning

Easy Moderate Difficult
GRASSES
Small amount (0.1 acre or less) $35/1b $50/1b $100/1b
Medium amount (0.1 to 0.25 acres) $25/1b $40/1b $ 75/b
Large amounts (0.25 + acres) $15/1b $30/1b $ 60/1b
FORBS $50-$100/1b $100-$300/1b $300+/1b

The cost of production varies dragtically among different native species. Grasses such as
mountain brome and dender whesatgrass are relatively easy to grow and are very productive under
cultivated conditions. Species like needlegrasses and bottlebrush squirrdtail are difficult to harvest
and process because of awns, while some sedges, junegrass (Koeleria macrantha), and
reedgrasses/hairgrasses (CalamagrostisDeschampsia) are notorioudy poor seed producers.
Seed of the forbs are rlatively difficult to produce because stands are often difficult to establish by
direct seeding and control of broadleaf weeds is limited to hand rogueing and a few agriculturd
chemicds.

The production of large quantities of seed of a few collections is far more cog-affective
than the production of small quantities of severd collections. More work needs to be done to
determine what congtitutes a genotype or how broad of an area can a specific collection be used
and il protect the genetic integrity of the indigenous plant material.

PLANTING AND MONITORING

To maximize species divergty and compatibility, plant mixtures are desgned to minimize
competitive interactions. The god of the restoration effort is to produce a plant community thet is
as dable as the adjacent undisturbed area, which can sugtain itsdlf while pogressng through
successond stages. The nature of the disturbance may place congraints on both the ability to
restore the site and the subsequent success that occurs on that ste (Chambers et d. 1990). To
minimize competition, seed mixtures should not be too complex. With linear disturbances, in
particular, seed rain from adjacent areas will provide added species diversity to a seeded plant
community.



Regtoration within Yedlowstone and Glacier Nationd Parks begins with the salvage of
topsoil. The topsoil is carefully stripped and stored in windrows aong the upper edge of the road
project and redistributed on the prepared cuts and fills during the same growing season.  The
surfece is left rough and downfdl logs and rock are strategicaly placed to create micro-niches.
Most of the seeding is done by hand broadcasting, followed by hand-raking or dragging the surface
to bury seed and improve seed-soil contact. Mulching with wood chips, extruded aspen fiber, or
straw is done on most projects to protect againgt surface soil eroson and reduce soil surface drying
during germination and emergence.  Seed mixtures are a combination of short-lived perennias
(colonizers) and long-lived perennids (late serd dominants). The seed mixtures are reldively
ample, conssting of four to Six grasses and three to five forbs (table 3). Shrubs and some forbs
are planted as transplants, containerized materid or as bareroot stock.

Table 3. Basic seed mixtures developed for different vegetation types in Glacier and Y ellowstone
National Parks (other species are used as available).

GNP--Alpine

Poa alpina*

Phleum al pi num*

Poa gracillima*
Deschampsia atropur purea*
Carex hoodii*

Aster laevis

Sibbaldia procumbens
Senecio triangularis
Epilobium alpinum
Hypericum formosum

Y NP--L odgepole Pine Forest

GNP--Fescue Grasdand

Bromus mar ginatus*
Pseudoroegneria spicata*
Festuca idahoensis*
Festuca campestris*
Koeleria macrantha*
Elymus trachycaul us*

Gaillardia aristata*
Hedysarum boreal e*
Geranium viscosissimum
Heuchera cylindrica
Potentilla gracilis*

Y NP--Northern Grasdands

Bromus marginatus*
Elymus trachycaul us*
Elymus elymoides*
Agrostis scabra*

Poa ampla*

Achillea millefolium*
Lupinus sericeus*
Phacelia hastata*
Potentilla gracilis*
Eriogonum umbellatum®*
Viguiera multiflora*

Sipa comata*
Pascopyrum smithii*
Leymus cinereus*
Nassella viridula*
Bromus anomal us*

Achillea millefolium*
Linum lewisii*
Potentilla fruticosa

GNP--Cedar\Heml ock

Bromus marginatus*
Elymus glaucus*
Deschampsia cespitosa*
Calamagrostis rubescens

Achillea millefolium*
Penstemon confertus
Penstemon albertinus
Aster laevis
Antennaria neglecta

Y NP--Wetlands

Deschampsia cespitosa*
Agrostis scabra*
Elymus trachycaul us*

Pedicularis groenlandica
Gentiana detonsa

* Species of which seed or plants have successfully been
produced at the Bridger Plant Materials Center.




Monitoring is an integrd part of the restoration process, providing information on the
success of establishment techniques, individud species establisiment and survival, species
compatibility, and the long range dability of the established plant communities. Glacier Nationd
Park’ s monitoring program is loosely based on the U.S. Forest Service ECODATA (Jensen et dl.
1992) ocular plot methodology. This technique utilizes both microplot and ocular surveys of
ground cover, Species cover, species composition, erosion status, plant mortdity, plant growth, and
inveson of exatics Both Paks utilize varying intendties of monitoring: Leve | is basc
documentation of ground cover and the presence of exotics (often used to document conditions on
smal backcountry projects); Level |l is a generd evauation of surface status and tota vegetation
cover including species lists, mortdity, plant densty and overdl plant vigor (most commonly used
aong road shoulders); Leve 111 involves microplots and shrub transects to collect data suitable for
datisticd andysis (utilized on large obliterated turnouts and larger cut and fill dopes); and Levd IV
utilizes replicated plot designs to evaduate the effectiveness of various combinations of restoration
trestments (seeded vs. unseeded, mulching vs. unmulched, fertilized vs unfertilized, chemica
control of weeds and exotics, nurse/cover crop aternatives).

The restoration attempts in Ydlowstone and Glacier National Parks have made every
effort to maintain the genetic integrity of the plant materid, to sdvage and protect the viability of the
soil biota (micro-organisms, mycorrhizae, and plant propagules), and to creste stable, sef-
sudaning plant communities on disturbed sStes. These new plant communities continue to change
as some of the colonizer species give way to the late serdl species and as additional species appear
as a result of seed rain from adjacent sites and topsoil borne plant propagules. Research results
indicate that seeding and associated mulching practices provide erosion control, but do not totally
redtrict the encroachment of exotics without additional weed control messures.

Glacier Park has seeded the entire road-cut/fill, the barrow-ditch, and the road-edge.
Much of the road-edge is periodicaly mowed. This mowing has had a significant impact on native
gpecies, reducing the stand dengty and cover. Most of the native species indigenous the higher
elevations are bunchgrasses and meny of the species used for restoration are short-lived perennias
(pioneer-early colonizers). The bunchgrasses do not tolerate mowing and the short-lived
perennids rely on seed shatter and reestablishment to maintain themsdves in a plant community.
Rhizomatous species would better tolerate mowing, but these species may not be indigenous to
these Sites.

Both Parks are stisfied that the seeding and planting of native indigenous plant materid on
magor disturbances, rather than letting nature take its course, is the proper procedure for the
preservation and protection of the native gene pools.
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