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Abstract
A ket issue lbr ibrcst and rangeland heal$ and productilit) in ean.m Oregon and $'ashirgloi is invasi|e species. Although \omc

exotic planr iitroducdons $'ere accidenul. nrany were intenlional tbr wildlife habitat impro!cnrcni. ornrmentrl purposcs. $oocl

or fiber produclion. soil consen ation. li!cstock forage production. or other crop uses. Exotic spccics, or r\ eeds, crn be a signill

cant cornponent ofglobal en\,'ifonment:tl changc bccause oftheir polcnlial !o altef prilnary producli\'i1)'.. decomposition. hydrd

ogy. nutrienr cyclirg. and nntural disturbance rcgimcs. Ar smaller scales. thcy alter the \lruclurc. conposition. and ccessional
parhwa!\ ofecosyslems. Thcy lo\\ef dilersil] by out competing native planls. Disturbance caused b) lbrcst resioration acti\ities
(lhinning and prescibcd lircJ can promote $ecd spread. bur ultinl.rrel) sill inrprove natile planl divcrsjty and productivit!.

inproving ecosystcn rcsistance to weed in!a\ion. Restoration nrategics need to inclLrde considcraljon of reed pre\ention ard

control and renoration of natives. Pre\'ention includes festoriDg ecos,,-stcm processes; control incllLdcs hiological, manual. l11c

chanical. herbicidal. and pfescribed buming methodsr restoralion in\.'ohes returning nad!c plants to a site. l\'lonitodng is impor

rant to pro\idc nla agers w irh inlbmadon that will allo\r then to cvaluate reslorution aclilili.s and modift inellecti ! e renoralion

lntroduction

Movement of plant species lrom one continent
to another and within continents has become a
common phenomenon (Baker 1986, Karl et al.
1996. Toney et al. 1998). Although rnany of these
"exotic" plants have been introduced accidentally,
a largc najority were introduced intentionally for
wildlife habitat improvement, onamental pulposes.
wood or f iber production. soil conservation. l ive-
stock forage production. or other crop uses and
then cscaped into nativc plant communities. These
introduced plants are olten relerred to as weeds.
Whethcr introduced aocidcntally or intentionall)',
weeds often interferc with other land management
objectives, and their establishmcnt or spread can
he eracerbated  hy  lun t l  mtnrgement  u \ l i \ i l i e . .
This documcnt provides an overview of the ef:
t'ects and managemcnt of weeds in relation to
curlent tbrcst restoration practices in eastern Or-
egon and Washington.

Ecologically, *eeds are considered thosc spe-
cies that colonize or pioneer open or disturbed
hub i ta t . .  la rge l l  re 'u l t ing  f ron t  human r , . t i t i t i e r
(Baker 1965, Bakcr 1986, Taylor 1990). ln some
definitions. a weed does not need to be exotic.
but only 'a plant growing where il is not desired,
or plant out ofplace ' (Ashton and Monaco 1991)
or "a plant that intedcres with management ob
jecr i re '  lu r  l  g r ren  arer  o l  lund  r l  l  s i \  en  po in t

in time" (Whitson et al. 1992). When a weed has
substantial environmental or economic etlect.
government agencies declare them "noxious

wceds." For the purposcs ofthis synthesis, weeds
are considered those exotic (non native) plants
that colonize disturbed habitats or invade undis-
turbed native plant communities and may have
deleterious eft'ects on native plants, wildlite, crops.
or  l i r cs tock  lHar r ld  c t  r l .  l9q6b) . I t i : . imponrn t
to note the distinction between those species that
colonize and those that invade. Invaders are cx-
otic species that invade native plant contmunities
even in the absence of intense or frequent distur-
bancc. while colonizers tend to occupy sites with
intense or frequent disturbance (Bazzaz 1986).

Invasions of wceds have been numerous dut-
ing the 20th century tluoughout tbe Columbia Basin
(Karl et al. 1996, Quigley and Arbelbide 199?)
including eastcrn Oregon andWashington. There
are an estimated 862 exotic plant species in thc
Columbia Basin and thesc species represent any-
where tiom 436lc (Quigley and Arbelbide 1997)
to <20% (Kartesz and Meacham 1999. Pimentel
et al. 20tD) of all the exotic plants in Nodh America
(north of Mexico) (see http://invadcr.dbs.umt.edu,
2001). In the Blue Mountains of crstem Oregon
and Washington, Hanod et al. (1996b) l ist 65
species [egally declared by both state rnd f'edcral
agencies as "noxious weeds," which are more than
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h;ilf those listed tbr the entire 5-state rcgion of
the Colurnbia Basin (Quigley andArbelbide 1997).
The number of species prcsent. the continued
spread of \r'eeds throughout the region, and the
polcntial fornew introduction is ofgreat concern
lor many land managers.

There are many leasons why weeds ;lre ofcon-
ccrn to land managers. Front a broad perspec-
tive, Vitousek et al. ( 1996) consider the invasion
of exotic plants (weeds) a signiflcant component
ofglobal environmental change. Thc authors pose
this argument bccause of the potential for weeds
toallercco.)\lern proce\\e\.uch ir\ primar) pro-
ductivit),. dccomposition, hydrology, nutrientcy
cling, and natural disturbance regimes. Fufther-
more, weeds can alter the structure. composition.
rnJ \uccessional pllh\\ tys ol c! us) \tems \ ariou\
smaller scales (Hafiy 1986, Vitousek 1986, Hobbs
and Huenneke 1992, Harod et al. 1996a, Quigtey
and Arbelbide 1997). For example. cheatgrass
(Brcmus teoonnt)has invaded and become domi-
nant in several locations through eastem Oregon
and Washington, changing the potential vegeta-
tion rt the landscape scale (300,000 to 400,000
hJ)  to  an  c \ r ' t i c  t lpe  ra ther  lhan a  nd l i !e  l )pe
(Quigley andArbelbide 1997). Once establishcd,
cheatgrass can dranlrtically increase lue frcquency,
which can lowernative species diversity (Bunting
199l. Bil l ings 1994). At the scale ofa site (up to
;100 ha), weed species such as purple loosestrife
(Lrthrun sdliutria) can displacc whole native
wetlmdcommunities (Thompsonetal. 1987). Such
wholc community rep)acements have cascading
cllects on othcr components of wetland ecosys-
tems. such as the displacement of migratory and
passerine birds, and small ntamnals (Thompson
et  a l .  1987) .

Rcgirrdle.s of rcule. one of the most ir lpor-
tant effects of weeds is decreased biodiversity
(Sould 1990, Ashcr 1993, Harod et al. 1996a.
Karl et al. 1996), particularly species diversity as
cited above. Many weeds out compete native spe-
cles by strongly exploiting available resources (e.g.
salt-cedar (Tanarir spp.l and Russian olive
(Eleagnus angustifollas) (Vitousek 1986)) or by
reducing native species fitness through alJelopa
thy (diftirse knapwe uJ, Centuurea dilJusa) (Mir
and Majak 1983) or other interactions. such as
decreasing important mycorrhizal fungi (e.g.
cheatgrass) (Goodwin 1992). Many weeds often
Iack insects or pathogens that keep populations
smaller in their native environments (ofien Euro-

pean orAsian counties); 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 Iife hislory characleris-
tics that allow them k) out-compete native spe-
cies (Baker 1965), thus lowering species diver-
sity for a given site.

Weeds are spread by the steady advancemcnt
of a population or the establishment of satcll i te
populations away from an odginal canter (Baker
1986). Wced seeds arc adapted to facilirare one
of these two pattems. but many species in casC
em Oregon andWashington are eflicient dispcrsers
and routinely establish satellite populations (Hanod
et al. 1996b). Seeds of wceds in the sunllower
tamily (Asteraceae) arc often provided with a
fe thery parachute allowing seeds to be canied
by wind. Some species. such as tunrbleweed
(Salso/a fta1i). become severcd at ground level when
seeds ale nature and thc whole plant tumbles in
the wind scattering seeds over great distances.
Mammals or birds are often impofiant sced vec
to$. For example, Wallander et al. (1992) lbund
that mule deer (Odocoileus henbruts) passed2lVa
of spotted knapweed (C. maculosa) consumed,
some as many as l0 days after the initial inges
tion. Rochd (1992) notes rhat yellow starrhistle
(C. so/stirialls) may be dispersed by birds. How-
ever. hunrans are by far the most eflicient dis-
persers of weeds (Hanod et al. 1996b, Vitousek
et al. 1996). Plant parts or seeds are carried by
automobiles, nachinery. crop seed, or stock 1eed.
Collecting and transporting plants such as baby's
breath (Gypsophila paniculttto) fbr floral trade
can also spread weeds. Sheep and cattle can camy
seeds in hair or digestive tracts and deposit them
along drivcways or in new pastures. Roads. rail-
ways, irrigation ditches, trails, and logging skid
trails are also common dispersal avenues fbr u'eeds
(Hanod et al. 1996b).

Weed Management

Weed manag:emenr  Lun and shou ld  be  rn  impor
tant aspect of present-day forest managcment.
Currentl l in eu.tem Oregon and Wrshington. re.-
toration effofis are focused on thinning and pre-
scdbed buming within dry forests, which have
become susceptible to catastophic wildfires and
Iarge scale insect and disease epidemics because
of the dense fbrest structure that resulted from a
century of fire exclusion and past management
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practices (Agee 1994. Hessburg et al. 1994, Jensen
and Everett 199:1, Johnson 1994. Quigley and
Arbelbide 1997). The goal ofcurrent fbrest man-
agement is to create sustainable ecosystems by
restoring the inherent composition. stlrcture, and
disturbance regine (USDA 1996, Agee 1998,
Harrod et al. 1999). Weeds havc changed the com-
position and often the disturbance regime of n.rany
forcst ecosystems. Thgrelbre. u eed mlrnagement
is an important and intcgral part of forest restora-
tion (Harrod 199.1). A generalized objective of
present day nanagement might be the develop
ment of healthy plant communities that are rela-
l ivcly wccd-resistant (Shelcy et al. 1996).

Current forcst rcstoration stratcgics can havc
t$,o pdmary effects on weeds. First, there is the
potential fbr the continued spread of $,eeds or
the introduction of new satellite populations of
weeds. Sites recently disturbed by logging and
road building prcride suitable habitat fbr man)'
weed species (Vitousek et al. 1996), and wccds
may become established ifa seed source is avail-
ahle. Hou er er, lhe outcome ol lbreit re\toration
can help prevcnt wecd invasion as wcll. l t has
been suggested that thinning and burning wil l
increase the diversity and productivity of native
\pecies in d11 lorest eco\)\lem{ t 'Covington et
al. 1997). Therefore, the second effect of rcstora
tion activit ies is inrproved diversity and produc-
tivity ofnative plant communities, which are l ikely
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. 19991.

A \ t ra leg)  fo r  ueeJ  ml r t . rgemcn l  in  c r . l c rn
Oregon and Washington is needed given both
potential positive and negative effects of forest
restoration tleatments on weeds. A successful weed
mrnalement program u ould l ikell be interlgencl
(Harod et al. 1996b) and integrate weed man-
agement tactics into a long telm stategy for dealing
with weeds (Ashton and Monaco 1991, Karl et
al. 1996). This approach is referrcd to as Intc-
grated Weed Management ([WM), whioh consists
of thrce levels: (l) prevention, (2) control, and
(3) restoration.

The most practical rnd co,'t 'elfectire arpect
of weed management is prevention (Ashton and
Monaco 1991, Harrod 199,1. Karl et al. 1996).
Prevention means reducing or stopping the ex-

pansion of existing weeds or the introduction of
anew weed. Prevention includes education. awac-
ness, and training about modes ofspreading weeds;
developing inventory and modtoring strategies
to detect new inleslations: and rcstoring disturbcd
sites preterably with native plants to prevent weed
establishment (Asher 1993). Karl et a]. (1996)
p lo r  ide  rn  e r tens ivc  l i . to lueed prevent ion  mca-
sures 1br a variety ofmanagement activities. such
as road maintcnancc, rccreation, wildlif 'e habitat
rmprovement, runge management, nxnerul extac
tion, prescdbed f e and fire suppression. and timbcr
management. Although otten overlooked, resto
ration offoresl composition and structure through
thinning and prescribed buning can be an effec-
tive preventjon measure in the long tern by re-
stodng ecosystem integrity and resiliency. Many
ueer . l .  lh r i re  in  u rea .  u i th  l r r$  \egetJ t i !e  (u \e r
(Crawley 1986), and the cunent dense structure
of dry forest has led to low cover of native fbrbs
and grasses. which may allow some weeds to in-
vade. In addition, present-day lbrests are suscep
tible to high-intensity f ire, which may also lead
to weed invasion. By restoring ecosystem health
in thesc forcst typcs, nativc forbs, shrubs, and
grasses increase in diversity and productivity
(Covington et al. 1997) thereby increasing na-
tive pllLnt community resistance to weed invasion.

Control is weed management that decrcases
weed populations below a level thatinterleres with
native plant communities (Ashton and Monaco
1991). This level of weed suppression balances
ecological gains with the cost ofthe 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, Hanod
1994, Harrod et al. 1996b, Karl et al. 1996) and
include biological control, prescribed buming.
manual control, mechanical control, and herbi-
cidal control. The control method selected should
be commensurate with the envircnmental. cultural.
economic. and management factors for spccific
ownerships and land allocations within eastem
Oregon and Washington. For example, Youtie
(1997) has successfully used hand pulling (manual
control) to control weeds within nonhcast Orcgon
NaturalAreas. Although herbicides conld be used
in these areas. the presencc of rarc plant spccies
makes hand pulling a prefered method of con-
trol. However. hand-pulling is expensive and may
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be impriictical fbr larger inlestations. Knecht and
Frazee (1999) found that hand-pull ing knapweed
along several miles ilfroad in northcentral Wash-
inp ton  cou ld  cos t  as  rnuch a .  'b  1 .4  |  |  pc r  Jc rc  in
one year, and thc pulling eftbrt could take up ro
l0 years to achieve contol. In addition. stem dcn-
sity was reduced little more than half dudng the
first year. It becomcs clcar that weed managers
need to consider anumbe[ offactors beforc imple-
menling an IWM plan.

Eradication is the complete elimination of I
weed from an area (Ashton and Monaco l99l)
and differs from control. ln this casc. both live
plants and reproductive parts are eliminated. Thc
long lifc of many weed seeds make eradication a
difficult goal, pafiicularly whcn attempted over
largc areas. Eradiciltion of small satellite popula
tions. however, isfeasible andis an imponart aspect
ofan overall wecd control program. For example,
Moody and Mack (l988) found that eliminating
satellitc wccd populations was more important
than curbing the expansion of the main weed
population. In their study, destroying even 307.
ofsatellitcs grcatly improved the etl-ectiveness of
overall control measures.

Restoration is the final Ievel ofu'eed manage
n ren t  und in r  o l r  <s  re tuming nr t r  r  e  l lan t r  t ,  '  . r  s i te .
C(,ntr(\ l JnJ re\tL'ration i lcti\ i t ie\ olten oceur Ji-
multaneously. Sccding or planting seedlings of
oatiye species can accelerate recovcry and may
be ncccssary in large areas where native plants
are unable to rcoccupy the site. Important eco-
logical proccsscs such as lire orflooding may also
be introduced (Youtie l997). Sheley et al. (1996)
propose that wccd inf'ested communities be di
rected o[ successional trajectorics thiit lead to more
desirable plant conrnunities. The authors refcr
to this approach as successional weed manage
ment. and it recognizes the dynamic nature of
vegetation and uscs tcchn(togy to enhance natu-
ral process or nlecharisms that regulate vegeta-
hon change.

A final and cqually imponant aspect of weed
managementis monitodng. Afirsl stcp is to identity
clear monitoring objectives. Managers can then
specif) ' the population being monitored, what
variables will bc nreasured, and how often mea
surements q'ill be taken (Hanod et al. 1996b, Youtie

1997). Monitoring is impofiant not only for wced
control projects. but also 1br evaluating the po-
tential spread olweeds in fbrest restoration proiects.
A comparison of the predicted time and cost to
the actual tinle and cost of a proiect $'ill assist in
planning lbr futurc projects (Hanod et al. l996b).
Finally. monitoring results can help managers
modify ineffectivc rcstoration approaches.

Conclusion

Invasive plant species are Dumerous in Washing-
ton and Oregon and they often interfere with land
managcment obiectives. Invasive plants can alter
ecosystem processes. modity successional path-
ways of native plant communities, change dis-
turbancc rcgimes, ilnd decrease biodiversity. It is
important to consider these ef'fccts in effbrts to
restere the inherent composition, structurc. and
disturbance regimes offbrest ecosystems. An IWM
prognmprovides managers with a long-tenn strat
egy forpreventing and controlling weed invasions.
andrcstoring altercd ccosystems. Awell-designed
monitoring program can help evaluate long-telm
weed management strategies and identif_v topics
for Iurthcr research.

Control and prevention are key componenls
to any IWM program. Control measures are com-
monly used in agriculture and lbrestry. but some
prevention techniques are less understood. For
example, it has been suggested that restoring di-
versity and productivity ofdry tbrest ecosystems
may increue weed resistance (seeabove), but some
authors have concluded the opposite. i.e. high-
diversiry areas are invadable (Stohlgren et al. l999).
Curent forest [estoration approaches assume that
thinning and prescribed firc will improve both
ove$tory and understory structure and composi
tion. but such assumptions are ofien untested.
Thercfbre. researchers and forest manage$ must
work together to identify infbrmation gaps and
design research projects that will address these
rmportant lssues.
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