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The Effect of Invasive and Noxious Plants on Land Management in
Eastern Oregon and Washington

Abstract

Akey issue for forest and rangeland health and productivity in eastern Oregon and Washington is invasive species. Although some
exctic plant introductions were accidental, many were intentional for wildlife habitat improvement. ornamental purposes, wood
or fiber production. soil conservation, livestock forage production, or other crop uses. Exotic species, or weeds, can be a signifi-
cant component of global environmental change because of their polential to alter primary productivity, decomposition, hydrol-
ogy, nutrient cycling, and natural disturbance regimes. At smatler scales, they alter the structure, composition, and suceessional
pathways of ecosystems. They lower diversity by out-cempeting native plants. Disturbance caused by forest restoration activities
(thinning and prescribed fire) can promote weed spread, but ultimately will improve native plant diversity and productiviry.
improving ecosyslem resistance to weed invasion. Restoration strategics need to include consideration of weed prevention and
control and restoration of natives. Prevenlion includes restoring ecosystem processes; control includes biological, manual, me-
chanical, herbicidal, and prescribed burning methods; restoration invelves returning native plants to a site. Monitoring is impor-
tant to provide managers with information that will allow them (o cvatuate restoration activitics and modify ineffective restoration

approaches.

Introduction

Movement of plant species from one continent
to another and within continents has become a
common phenomenon (Baker 1986, Karl et al.
1996, Teney et al. 1998}, Although many of these
“exotic” plants have been introduced accidentally,
a large majority were introduced intentionally for
wildlife habitat improvement, ornamental purposes,
wood or fiber production, soil conservation, live-
stock forage production., or other crop uses and
then cscaped into native plant communities. These
introduced plants are often referred to as weeds.
Whether introduced accidentally or intentionally,
weeds often interfere with other land management
objectives, and their establishment or spread can
be exacerbated by land management activities.
This document provides an overview of the ef-
fects and management of weeds in relation to
current forest restoration practices in eastern Or-
egon and Washington.

Ecologically, weeds are considered those spe-
cles that colonize or pioneer open or disturbed
habitats, largely resulting from human activities
(Baker 1963, Baker 1986, Taylor 1990). In some
definitions, a weed does not need to be exotic,
but only “a plant growing where it is not desired,
ar a plant out of place” (Ashton and Monaco 1991)
or “a plant that interferes with management ob-
jectives for a given area of land at a given point

in time” (Whitson et al. 1992). When a weed has
substantial environmental or economic effect,
government agencies declare them “noxious
weeds.” For the purposes of this synthesis, weeds
are considered those exotic (non-native) plants
that colonize disturbed habitats or invade undis-
turbed native plant communities and may have
deleterious effects on native plants, wildlife, crops,
or livestock (Harrod ct al. 1996b). Tt is important
to note the distinction between those species that
colonize and those that invade. Invaders are ex-
otic species that invade native plant communities
even in the absence of intense or frequent distur-
bance, while colonizers tend (o occupy sites with
intense or frequent disturbance (Bazzaz 1986).

Invasions of weeds have been numerous dur-
ing the 20th century throughout the Columbia Basin
(Karl et al. 1996, Quigley and Arbelbide 1997)
including eastern Oregon and Washington. There
are an estimated 862 exotic plant species in the
Columbia Basin and these species represent any-
where from 43% (Quigley and Arbelbide 1997)
10 <20% (Kartesz and Meacham 1999, Pimentel
etal. 2000y of all the exotic plants in North America
(north of Mexico) (see http://invader.dbs.umt.edu,
2001). In the Blue Mountains of ecastern Oregon
and Washington, Harrod et al. (1996b) list 65
species legally declared by both state and federal
agencies as “noxious weeds,” which are more than
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half those listed for the entire 5-state region of
the Columbia Basin (Quigley and Arbelbide 1997).
The number of species present, the continued
spread of weeds throughout the region, and the
potential for new introduction is of great concern
for many land managers.

There are many reasons why weeds are of con-
cern 1o land managers. From a broad perspec-
tive, Vitousek et al. (1996) consider the invasion
of exetic plants (weeds) a significant component
of global environmental change. The authors pose
this argument because of the potential for weeds
to alter ecosystem processes such as primary pro-
ductivity, decompesition, hydrology, nutrient cy-
cling, and natural disturbance regimes. Further-
more, weeds can alter the structure, composition,
and successional pathways of ecosystems at various
smaller scales (Harty 1986, Vitousek 1986, Hobbs
and Huenneke 1992, Harrod et al. 1996a, Quigley
and Arbelbide 1997). For example, cheatgrass
(Bramus tectorum) has invaded and become domi-
nant in several locations through eastern Oregon
and Washington, changing the potential vegeta-
tion at the landscape scale (300,000 to 400,000
ha} to an exotic type rather than a native type
{Quigley and Arbelbide 1997). Once established,
cheatgrass can dramatically increase fire frequency,
which can lower native species diversity (Bunting
1991, Billings 1994). At the scale of a site (up to
41} ha), weed species such as purple loosestrife
(Lythrum salicariay can displace whele native
wetland communities (Thompson et al. 1987). Such
whole community replacements have cascading
cffects on other components of wetland ecosys-
tems. such as the displacement of migratory and
passerine birds, and small mammals (Thompson
et al. 1987).

Regardless of scale, one of the most impor-
tant effects of weeds is decreased biodiversity
{Soulé 1990, Asher 1993, Harrod et al. 1996a,
Karletal. 1996), particularly species diversity as
cited above, Many weeds out-compete native spe-
cies by strongly exploiting available resources (e.g.
salt-cedar (Tamarix spp.) and Russian olive
(Eleagnus angustifelius) (Vitousek 1986)) or by
reducing native species titness through allelopa-
thy (diffuse knapweed, Centaurea diffusa) (Muir
and Majak 1983) or other interactions, such as
decreasing important mycorrhizal fungi (e.g.
cheatgrass) (Goodwin 1992). Many weeds often
lack insects or pathogens that keep populations
smaller in their native environments (often Euro-
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pean or Asian countries); having few native preda-
tors or pathogens gives weeds a competitive ad-
vantage over many native species. In general, weeds
often have a number of life history characieris-
tics that allow them Lo out-compete native spe-
cies (Baker 1965), thus lowering species diver-
sity for a given site.

Weeds are spread by the steady advancement
of a population or the establishment of satellite
populations away from an original center (Baker
1986). Weed seeds arc adapted to facilitate one
of these two patterns, but many species in east-
ern Oregon and Washington are efficient dispersers
and routinely establish satellite populations (Harrod
et al. 1996b). Seeds of weeds in the sunflower
family (Asteraceae) are often provided with a
feathery parachute allowing seeds to be carried
by wind. Some species, such as tumblewead
{Salsola kali), become severed at ground level when
seeds are mature and the whole plant tumbles in
the wind scattering seeds over great distances.
Mammals or birds are often important sced vec-
tors, For example, Wallander et al. (1992) found
that mule deer ( Odocoilens hemionus) passed 21%
of spotted knapweed (C. maculosa) consumed,
some as many as 10 days after the initial inges-
tion. Roché (1992) notes that yellow starthistle
(C. solstirialis) may be dispersed by birds. How-
ever, humans are by far the most efficient dis-
persers of weeds (Harrod et al. 1996b, Vitousek
et al. 1996). Plant parts or seeds are carried by
automobiles, machinery, crop seed. or stock feed.
Collecting and transporting plants such as baby’s
breath (Gypsophila paniculata) for floral trade
can also spread weeds, Sheep and cattle can carry
seeds 1n hair or digestive tracts and deposit them
along driveways or in new pastures. Roads, rail-
ways, irrigation ditches, trails, and logging skid
trails are also common dispersal avenues for weeds
(Harrod et al. 1996b).

Weed Management

Weed management can and should be an impot-
tant aspect of present-day forest management,
Currently in eastern Oregon and Washington, res-
toration efforts are focused on thinning and pre-
scribed burning within dry forests, which have
become susceptible to catastrophic wildfires and
large-scale insect and disease epidemics because
of the dense forest structure thai resulted from a
century of fire exclusion and past management




practices {Agee 1994, Hessburg et al. 1994, Jensen
and Everett 1994, Johnson 1994, Quigley and
Arbelbide 1997). The goal of current forest man-
agement is to create sustainable ecosystems by
restoring the inherent composition, structure, and
disturbance regime (USDA 1996, Agee 1998,
Harrod et al. 1999), Weeds have changed the com-
position and often the disturbance regime of many
forest ecosystems. Therefore, weed management
is an important and integral part of forest restora-
tion (Harrod 1994). A generalized objective of
present-day management might be the develop-
ment of healthy plant communities that are rela-
tively weed-resistant (Sheley et al. 1996).

Current forest restoration strategics can have
two primary effects on weeds. First, there is the
potential for the continued spread of weeds or
the introduction of new satellite populations of
weeds. Sites recently disturbed by logging and
road building provide suitabie habitat for many
weed species (Vitousek et al, 1996), and weeds
may become established if a seed source is avail-
able. However, the outcome of forest restoration
can help prevent weed invasion as well. It has
been suggested that thinning and burning will
increase the diversity and productivity of native
species in dry forest ecosystems (Covington et
al. 1997). Therefore, the second effect of restora-
tion activities is improved diversity and produc-
tivity ol native plant communities, which are likely
to be more resistant to weed invasion (Elton 1958,
MacArthur 1970, Crawley 1986, Case 1990, Law
and Morton 1996, Tilman 1997, Levine and
D’Antonio 1999, but see Huston 1997, Higgins
et al. 1999, and Stohlgren et al. 1999).

A strategy for weed management in ¢astern
Oregon and Washington is needed given both
potential positive and negative effects of forest
restoration treatments on weeds. A successful weed
management program would likely be interagency
{Harrod et al. 1996b) and integrate weed man-
agement tactics into a long-term strategy for dealing
with weeds (Ashton and Monaco 1991, Karl et
al. 1996). This approach is referred to as Inte-
grated Weed Management (TWM), which consists
of three levels: (1) prevention, (2) control, and
(3) restoration,

The most practical and cost-effective aspect
of weed management is prevention (Ashton and
Monaco 1991, Harrod 1994, Karl et al. 1996).
Prevention means reducing or stopping the ex-

pansion of existing weeds or the introduction of
anew weed. Prevention includes education, aware-
ness, and training about modes of spreading weeds;
developing inventory and monitoring strategies
to detect new infestations; and restoring disturbed
sites preferably with native plants to prevent weed
establishment (Asher 1993}, Karl et al. {1996)
provide an extensive list of weed prevention mea-
sures for a variety of management activities, such
as road maintenance, recreation, wildlife habitag
improvement, range management, mineral extrac-
tion, prescribed fire and fire suppression, and timber
management. Although often overlooked, resto-
ration of forest composition and structure through
thinning and prescribed burning can be an effec-
tive prevention measure in the long term by re-
storing ecosystem integrity and resiliency. Many
weeds thrive in areas with low vegetative cover
(Crawley 1986), and the current dense structure
of dry forest has led to low cover of native forbs
and grasses, which may allow some weeds to in-
vade. In addition, present-day forests are suscep-
tible 1o high-intensity fire, which may also lead
to weed invasion. By restoring ecosystem health
in these forest types, native forbs, shrubs, and
grasses increase in diversity and productivity
(Covington et al. 1997) thereby increasing na-
tive plant community resistance to weed invasion.

Control is weed management that decreases
weed populations below a level that interferes with
native plant communities (Ashton and Monaco
1991). This level of weed suppression balances
ecological gains with the cost of the control prac-
tices (Karl et al. 1996). Control, rather than eradi-
cation, is the goal of most successful weed man-
agement programs. A number of weed control
practices are described by several authors (e.g.
Ashton and Monaco 1991, Asher 1993, Harrod
1994, Harrod et al. 1996b, Karl et al. 1996) and
include biological control, prescribed burning.
manual control, mechanical control, and herbi-
cidal contrel. The control method selected should
be commensurate with the environmental, cultural.
economic, and management factors for specific
ownerships and land allocations within eastern
Oregon and Washington. For example, Youtie
(1997) has successfully used hand-pulling {manual
control} to control weeds within northeast Oregon
Natural Areas. Although herbicides could be used
in these areas, the presence of rare plant species
makes hand-pulling a preferred method of con-
trol. However, hand-pulling is expensive and may
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be impractical for larger infestations. Knecht and
Frazee (1999) found that hand-puiling knapweed
along several miles of road in northcentral Wash-
ington could cost as much as $1.411 per acre in
one year, and the pulling effort could take up to
10 vears to achieve control. In addition, stem den-
sity was reduced little more than half during the
first year. It becomes clcar that weed managers
need to consider a number of factors before imple-
menting an IWM plan.

Eradication is the complete elimination of a
weed from an area (Ashton and Monaco 1991)
and differs from control. In this casc, both live
plants and reproductive parts are eliminated. The
long life of many weed seeds make eradication a
difficult goal, particularly when attempted over
large areas. Eradication of small satellite popula-
tions, however, is feasible and is an important aspect
of an overall weed control program. For example,
Moody and Mack (1988) found that eliminating
satellitc weed populations was more important
than curbing the expansion of the main weed
population. In their study, destroying even 30%
of satellites greatly improved the effectiveness of
everatl control measures.

Restoration is the final level of weed manage-
ment and involves returning native plants to a site.
Control and restoration activities often occur si-
multaneously. Seeding or planting seedlings of
native species can accelerate recovery and may
be nccessary in large areas where native plants
are unable to reoccupy the sile. Important eco-
logical processes such as fire or flooding may also
be introduced (Youtie 1997). Sheley et al. (1996)
propose that weed infested communities be di-
rected on successtonal trajectlories that lead to more
desirable plant communities. The authors refer
to this approach as successional weed manage-
ment, and it recognizes the dynamic nature of
vegetation and uses technology to enhance natu-
ral precess or mechanisms that regulate vegela-
tion change.

A final and cqually important aspect of weed
management 1s monitoring, A first step is to identity
clear monitoring objectives. Managers can then
specify the population being monitored, what
variables will be measured, and how often mea-
surements will be taken (Harrod et al. 1996b, Youtie
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1997). Monitoring is important not only for weed
control projects, but also for evaluating the po-
tential spread of weeds in forest restoration projects.
A comparison of the predicted time and cost to
the actual time and cost of a project will assist in
planning for futurc projects (Harrod et al. 1996b).
Finally, moniloring results can help managers
modify ineffective restoration approaches.

Conclusion

Invasive plant species are numerous in Washing-
ton and Oregon and they often interfere with land
management objectives. Invasive plants can alter
ecosystem processes, modify successional path-
ways of native plant communities, change dis-
turbance regimes, and decrease biodiversity. It is
important to consider these effects in efforts to
restore the inherent composition, structure, and
disturbance regimes of torest ecosystems. An TWM
program provides managers with a long-term strat-
egy for preventing and controlling weed invasions,
and restoring altered ecosystems. A well-designed
menitoring program can help evaluate long-term
weed management strategies and identify topics
for further research.

Control and prevention are key components
to any IWM program. Contrel measures are com-
moenly used in agriculture and forestry. but some
prevention techniques are less understood. For
example, it has becn suggested that restoring di-
versity and productivity of dry forest ecosystems
may increase weed resistance (see above), but some
authors have concluded the opposite. i.e. high-
diversity areas are invadable (Stohlgren et al. 1999).
Current forest restoration approaches assume that
thinning and prescribed fire will improve both
overstory and understory structure and composi-
tion, but such assumptions are often untested.
Therefore, researchers and forest managers must
work together to identify information gaps and
design research projects that will address these
important issues.

Acknowledgements

I would like to thank Sherm Karl, Jerry Asher,
and two anonymous reviewers for their constructive
comments, which greatly improved this paper.



Literature Cited

Agce, LK, 1994, Fire and weather disturbances in terrestrial
ecosystems of the castern Cascades. USDA Forest
Service General Technical Report PNW-GTR-320,
Pacific Northwest Research Station, Portland. Oregon.
32 p.

Agee, LK. 1998. The landscape ecology of western forest
fire regimes, Northwest Science 72:24-34.

Asher. J. 1993, Noxious weeds in eastern Oregen. USDI Bu-
reau of [.and Management, Oregon State Office. Un-
published Report ¢n lile at the Leavenworth Ranger
District, Leavenworth, Washington. 81 p.

Ashton, FM., and T.J. Monaco. 1991. Weed Science: Prin-
ciples and Practices. John Wiley and Sons, Inc. New
York. 466 p.

Baker, H.GG. 1963. Characteristics and modes of origin of
weeds. Pages 50-76 {12 H.G. Baker and G.L. Stebbins
(editors). The Genetics of Colonizing Species. Aca-
demic Press. New York,

Baker, H.G. 1986. Patterns of plant invasion in North America.
Pages 44-57 fn H.A. Mooney and 1.A. Drake {edi-
tors), Ecology of Biological Invasions of North
America and Hawaii. Springer-Verlag, New York, New
York.

Bazzaz, F.A. 1986. Life history of colonizing plants: some
demographic. genctic, and physiological features.
Pages 96-110 Jn H.A. Mooney and J.A. Drake (edi-
tors), Ecology of Biological Invasions of North Ameri-
can and Hawaii, Springer-Verlag. New York, New York.

Billings, W.Ib. 1994, Ecelogical impacts of cheatgrass and
resultant fire on ecosystems in the western Great Ba-
sin. Pages 22-30 In 85.B. Monsen and 5.G. Kitchen
(technical editors), Proceedings—Ecology and Man-
agernent of Annual Rangelands, USDA Forest Ser-
vice General Technical Report INT-GTR-313. Inter-
mountain Research Station. (gden. Utah.

Bunting, S.C. 1991. Firc ccology of the Snake River plain.
Northwest Science 65(2):64.

Case, T.). 1990. Invasion resistance arises in strongly inter-
acting specics-rich model competition communities.
Proceedings of the National Acadademy of Scicnce,
USA 87:9610-9614,

Covington, WW., PZ. Fulé, M.M. Moore. 5.C. Hart, TE.
Kolb. JL.N. Mast. 5.5. Sackett, and M.R. Wagner. 1597,
Restoring ecosystern health in ponderosa pine forests
of the Southwest. Journal of Foresiry 95(4):23-29,

Crawley, ML) 1986. The population biology of invaders. Philo-
sophical Transactions of the Royal Society of Lon-
don Series B 314:711-731.

Elton. C.S. 1958. The Ecology of Invasions by Animals and
Plants. Methuen. London.

Goodwin, J. 1992, The role of mycorrhizal fungi in competi-
tive interactions among native bunchgrasscs and alicn
weeds: a review and synthesis. Northwest Science
60(41:251-260.

Harrod. R.J. 1994, Pracuices o reduce and control noxious
weed invasion. Pages 47-49 In R L. Everelt (compiler).
Eastside Forest Ecosystem Health Assessment—Vol-
ume I'V: Restoration of Stressed Sites, and Processes.

USDA Forest Service General Technical Report PNW-
GTR-330. Pacific Northwest Research Station, Port-
land, Oregon.

Harrod, RJ., W.L. Gaines, R.J. Taylor, R. Everett, T. Lillyhridge
and LI} Mclver. 1996a. Biodiversity in the Blue
Mountains. Pages 81-105 /z R.G. Jaind]l and T.M.
Guigley (cditers), Search for a Solution: Sustaining
the Land, People. and Economy of the Blue Moun-
tains. American Forests, Washington, D.C.

Harred, R.J., R.J. Taylor, W.L. Gaines. T. Lillybridge, and R.
Everett, 1996b. Nexions weeds in the Blue Moungains.
Pages 107-117 In R.G. Jaindl and T.M. Quigley (edi-
tors). Search for a Solution: Sustaining the Land.
People. and Economy of the Blue Mountains. Ameri-
can Forests, Washington. .C.

Harrod, R.J., B.H. McRae, and W.E. Hartl. 1999, Historical
stand reconstruction in ponderosa pine forests to gnide
silvicultural prescriptions. Forest Ecology and Man-
agement |14:433-446,

Harty, F.M. 1986. Exolics and their ecological ramifications.
Natural Areas Journal 6(4):20-26.

Hesshurg, P.F.. R.G. Mitchell, and G. M. Filip. 1994, Histori-
cal and current roles of inscets and pathogens in east-
ern Oregon and Washington Forested Landscapes.
USDA Forest Service General Technical Report PNW-
GTR-327. Pacific Northwest Research Station. Port-
land, Orcgon. 72 p.

Higgins, S.1., D.M. Richardson, R.M Cowling, and T.H.
Trinder-Smith. 1999, Predicting the landscape-scale
distribution of alien plants and their threat to plant
diversily. Conservation Biology 13(2):303-313,

Hobbs, R.I., and L.F. Huenneke. 1992, Disturbance, diver-
sity and invasion; implications for conservation. Con-
servation Biology 6(3):324-337.

Huston. M.A. 1997, Hidden treatments in ecological experi-
ments: re-evaluating the ecosystem funclion of
biodiversity. Oecologia 110:449-460.

Jensen. MLE., and R. Everett, 1994, An overview of ecosys-
tem management principles. Pages 6-15 In MLE, Jensen
and P.S. Bourgeron {editors}, Eastside Forest Health
Assessment - Ecosysiem Management: Principles and
Applications. USDA Forest Service General Techni-
cal Report PNW-GTR-318. Pacific Northwest Re-
search Station. Portland, Oregon.

Jehnson, C.G., Ir. 1994, Forest health in the Blue Mountains:
a plant ecologisl’s perspective on ceosysLIem processes
and biological diversity. USDA, Forest Service Gen-
eral Technical Report PNW-GTR-339. Pacific North-
wost Rescarch Station, Portland, Oregon, 24 p.

Karl. M.G., 5.G. Leconard, PM. Rice. and JI. Rider. 1996,
Noxious weeds in the interior Columbia Basin and
portions of the Klamath and Great Basin: science as-
sessment of selected species. Unpublished report on
file with USDA Forest Service; USDI Burcau ol Land
Management; Interior Columbia Basin Ecosystem
Management Project, 304 North 8% Sireet, Room 250,
Beise, Idaho 83702,

Kartesz, I.T. and C.A. Meacham. 1999. Synthesis of North
American Flora. CD-ROM. Noerth Carolina Botani-
cal Garden. Chapel Hill, North Carolina.

Invasive/Noxious Plants 39



Knecht, 1., and J. Frazee. 1999 Icicle road volunteer handpull
knapweed report. Douglasia Occasional Papers
T(1):53-54.

Law, R., and R.D. Morton. 1996. Permancnce and the as-
sembly ol ceological communities. Ecclogy 77(3).762-
EEND

Levine, J.M., and C.M. I¥ Antonic. 1999, Elton revisited: a
review of evidence linking diversily und invasibility.
Qikos 87:15-26.

MacArthur, R H, 1970, Species-packing and competitive equi-
librium for many species. Theoretical Population Bi-
ology 1:1-11.

Meody, MLE.. and R.N. Mack. 1988. Controlling the spread
of plant invasions: the importance of nascent foci.
Joumnal of Applied Ecology 25:1009-1021.

Muir. A.S., and W. Majak. 1983, Allelopathic potential of
diffuse knapweed (Centaurea diffusa) exracts, Ca-
nadian Joumal of Plant Science 63:989-996.

Pimentel, .. L. Lach, R. Zuniga, D. Morrison, 2000. Envi-
ronmental and economic costs of nonindigenous spe-
cies in the United States. BioScience 50:53-65.

Quigley, T.M., and S.J. Arbelbide (technical editors), 1997,
An assessment of ecosystemn components in the inte-
rior Columbia Basin and portions of the Kiamath and
Great Basins: volume 2, USDA Forest Service Gen-
eral Technical Report PNW-GTR-405. Pacific North-
west Rescarch Station, Portland, Oregon. 717 p.

Roché, B.F, Jr. 1992, Achene dispersal in yellow starthistle
(Cenraurea solsritialis L.). Northwesl Science
66(2):62-65.

Sheley, R.L., T.I. Sve¢jear, and B.D. Maxwell. 1996. A theo-
retical framework for developing successional weed
management strategies on rangeland. Weed Technol-
ogy 10:766-773.

Soulé. M. 1990, The onslaught of alien species. and other
challenges of the coming decades. Journal of Con-
servation Biology 4{3):233-239.

Stohlgren. T.J., ). Binkley, G.W. Chong, M.A. Kalkhan, L.D.
Schell, KA. Bull, Y. Otsuki, G. Newman, M, Bashkin,
and Y. Son. 1999, Exotic plant species invade hot spots
of native plant diversity. Ecological Monographs 69(1):
25-46.

Note

This special issue of Northwest Science 1s a set of papers re-
viewing the state of knowledge about disturbance processes
in castern Cregon and Washington, related management prac-
tices, and effects on key management issues,

90 Harrod

Taylor, R.J. 1990. Northwest Weeds, Mountain Press Pub-
lishing Cc., Missoula. Montana. 177p.

Thempson, D.Q., R.L. Stuckey and E.B. Thompson, 1987.
Spread, impact. and control of purple loosestrife
(Lythrunt salicqria) In North American wetlands. Fish
and Wildlife Research 2. USDI Fish and Wildlife Ser-
vice. S5 p.

Tilman, D. 1997. Communitly invasibility, recruitment limi-
tation. and grassland biodiversity. Ecology 78(1):81-
92.

Toney. 1.C., PM, Rice, and F. Forcella. 1998. Exotic plant
records in the Northwestern United States 1950-1196:
an ceological assessment. Northwest Science 72(3):
198-209.

LISDA Forest Service. 1996. Status of the interior Columbia
basin: summary of scientific findings. USDA Forest
Service General Technical Report PNW-GTR-385.
Pacific Northwest Rescarch Station; USDI Burcau ol
l.and Management, Pertland, Oregon. 144 p.

Vitousek, P. 1986. Biological invasion and ecosysiem prop-
criies: Can species make a difference? In H.A. Mooney
and J.A. Drake teditors), Ecology of Biological Inva-
sions of North America and Hawaii. Springer-Verlag,
New York.

Vitousek. P.M., C.M. D’Antonio, L.1.. Loope. and R.
Westhrooks, 1996. Biolegical invasions as global en-
vironmental change. American Scientist 84:468-478.

Wallander, R.. B. Olson, J. Lacy and K, Qlsen-Rutz. 1992,
Passage of spotted knapweed seeds by sheep and mule
deer, Knapweed 6(4):1-2.

Whitson, TD.. L.C. Burrill, S.A. Dewey, D.W. Cudncy, B.E.
Nelson, R.D. Lee, and R, Parker. 1992, Weeds of the
Wesl. The Western Society of Weed Science, New-
ark, Calilornia. 630 p.

Youtie, B. 1997, Weed control as the first step in protecting
and restoring native plant communities on northcast
Oregon Natural Areas. Pages 78-82 In T.N. Kaye, A.
Liston, R.M. Love, D.L. Luoma, R.J. Meinke, and M.V,
Wilson (editors). Conservation and Management of
Native Plants and Fungi. Native Plant Socicty of Or-
egon, Corvallis.



