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Abstract 

Invasive: plants reduc~ the cap2city of eCQSyslems to proviiie 
. goods andscrviccs required by society, alter ecological proceSscs, 
and can displace desirable species. They can .-educe wildlife habi­
tat quality, riparian area integrity, rangeland economic value, 
and enterprise net returns. The invasion process is regulated by 
characteristics or the invading plant and the community being 
invaded. The presence and spread of invasive plants is' often 
s m tomatic of und,dH in mana ernent roblems that must be 
corrected,ber n eland im rovement 
can be adlieved. Disturbance appears to be important early In 

ttie mVa5l0n pro~ because it ~rc.g.tcs vacant niches that alien 
plants c~n oecup). Control of invasive plants may only open 
niches Cor establishment of other ,undesirable plants unless desir· 
able plants ar'e present to fill the vacated niches. In many 
instances, rangelands have deteriorated to the point that desir­
able species arc either not p resent, or in such low abundance that 
plant community recovery is slow or will not occur without , 
revegetation after. invasive plants nrc confrollcd. lntegnltcd weed 
managelllent employs the planned, sequential usc of lUultiple tac­
tics (e.g. chemical, biological. cultural, ' and mechanical control 
measures) to improve ecosystem function (energy'fl ow and nutri­
ent cycling) a nd maintain invasive p~ant damage below economic 
levels, aDd empbasizes mannginc. rarigehmd ecosystem functions 
to meet objectives rather than emphasizing a particular weed or 
control method. Sustainable, integrated invasive plnnt manage­
ment strategies requir.e assessing plant impacts, understanding 
and managing the proCesses influencing invasion, knowledge of 
invasive plant biology and ecology, and are based on ecological 
principles. Invasive plant management programs must be com· 
patible with and integrated into overoll rangeland resource man­
agement objectives and plans. Because of the complexity of man­
aging invasive pJailts, it is ,imperative thal relevant ecological and 
economic Information be synthesized into user·friendly decision 
support systems. ' 

Key Words: Biblogical control, herbicidcs, revegetation, native 
plants, alien piaqts, rcstorntion, renovation, adaptive manage· 
meat, integrated weed management, noxious weed 
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Resumen 
-v, . 

Las plantas invasoras reducen la capacidad d~l ecosistelPa 
pam provccr los biencs y servi,cios requeridos POl' In ' socicdad • 

. a lteran 16s procesos ecologicos, y pueden desplazar, especies 
deseables. E lias tambien pueden redudr Ia calidad del Mbitat de 
In Cauna silvestre, Ja integridad de las areas ribereiias, el valor 

, econ6mico del pastizal y los retornos netos de la empresa. EI pro­
ceso de inv3si6n es regulado' pal" his caracteristicas de las plantas 
invasoras y la comunidad que esta siendo invadida. La presencia 
y dispersion de las plantas invasoras a menudo es un sfntoma de 
problemas de manejo que deben ser corregidos antes de que ,se 
logren mejol'as aceptllbles de largo plazo en el pastizal. E I distur­
bio parece sel' importante al inicio del proceso de invasi6n 
pol'que crea nichos vacanles que las plantas' invasorns pueden 
ocupar. E l control de plantas invasoras puede solo abrir nichos 
'para el cstablecimiento de otras plantas indeseablcs. a menos de 
que esten"presentes piaatas d eseables para llenar los nichos 
vacantes. En muchos casos los pastizalcs sc han deteriorado nl 
punta de quc las' cspecies descnblcs 0 no est8n presentcs 0 estan 
en una abundancia tan baja que In recupcraci6n de I~ comu­
nidad es len ta 0 no ocurrini sin revegetaci6n dcspuCs de que las 
plantas invasoras han sido controladas. Er manejo integrado de 
maleza emplea el uso secuenclal planeado de tactic:as multiples 
(por ejemplo, medldas ,de' control qufmico, biol!igicoJ cultural y 
mec1inico) para mejorar la fUDci6n del ecosisterna (flujo de 
energi'3 y reciclaJ.e.de nutrientcs) y ' manteaer el ~o de ,las plan· 
las invasoras abajo de niveles econ6micos, y enfatiza el manejo 
d~ la Cunci6ri del ecosistema de past1Za1 p'ara cumplir con los 
objctivos 'en lugar de enfatizar en unll maleza en particular 0 un 
metoda de control especifico. " 

,Las es trategias s!lstentables del manejo integrado de pta,nw 
inv3sor8s requJeren de eval.u3r los impactos de las plantas, 
entender y manjar el proceso que InOuye en la invasi6n, el , 
conocimiento de )3 ecologia y biologfa de la pJanta invasora Y SOD 

basndos en principiOs ecol6gicos. Los programas de mancjo c;lc 
plantas invasoras debcn 'scr compatibles c integrados dente~ del ' 
plan y objetivos generales de manejo de los rccursos del pastizal. 
Debido a In complejidad del manejo de las plantas invasoras es ' 
imperativo que la inronnaci6tt ecol6gica y, economica relevante 
sea sintetizada en sistemas de soportei:le toma de decisiones ami-
gables para el usuario. ' .. 
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I~vasive plants usually hav~ ·many .imultiple tactics to assure stable "ecosystem 
adverse impacts as they spread through function and mainw.n ~t ~~ge below 
terrestrial and aqu~~c ecosystems. In the economic levels, while ffilO1mlZu~g ~ 
seminal text. TIre Ecolog] 0/ Invasions, to humans. onima1s • . plants. and the·alVl­
Elton (1958) described the impact of exot- ronment (U.S. Congress, Office of 
ic or non-indigenous organisms invadin.g Technology Assessment 199.3). Integrated 
new environments as "ecological explc:r weed management ~mphaslzes manage­
sions". Many of u.e estimated 5000 alien ' ment of rangeland and pasture ecos>:tem 
plants that now occur· in natural ecosys- .function · (energy flow a~d nutnent 
terns in the United States (Morse et a1. cycling) rather than a specIfic we~ or 
1995) were introduced· for food, fiber, or control method (Scifres 1986). With this 
ornamental pu.rposes (U.S. Congress. in mind. the goal of invasi~e plant man­
Office .ofTechnology ·Assessment 1993, agement should be to reclatm or restore 
PimenbJ et al. 2000). While many of theSe degraded weed-infested rangeland com­
piants are of great value to agriCUlture. a munities so that ~y ~ less susceptible 
small number have become invasive and · to Ie-invasion bY· lOvaslve plants and·can 
threaten ecosystems. . . meet land use objectives (MasterS et a1. 

Predicting which plarits will be invasive 1996, Sheley et al. 1996).. . . 
and which ecosystems will be invaded is a Our purpose IS to:de~cnbe pnnclp~es 

highly desirable goa1. but identification of .. and practices to c~nslder when de:elop~ng 
salient characteristics of invasiveness ana integrated strategies to manage mvaslve 
invasibility remain·s illusive (Cra"w1ey plants on rangehl11d, Sustainable integra~ed 
1987. Mack 198.9; 1996, Rejrnanek and invasive plan~ man8~e~ent strategle~ 
Robinson 1996. Wade 1997). Those plants require assessing theIr Impacts. under­
that become invasive disrupt ecosystem standing and managing the pr6c~sses 

. processes and reduce the capacity of i~nuencing .invasion. knowledge of I~va­
~systems to recover to a desirable stnte Sive plant biology and e~ology. and mte­
after disturbance and provide the goods grating management tactics based on eco­
and services (Costanza et a1. 1997) logical principles. Ultimately, for these 
de"1anded by society, strategies to ~e .successfu~. they mus~ be 

The presence and spread o( invasive compatible With and contrIbute to achte:v­
plants on rangeland is often symptomatic . ing overall rangel?nd, ecosystem manage­
of underlying management problems that menl goal.s and obJectives. 
m·ust be corrected before acceptable 10ng-

Invasive 'Plant Impacts 

Ecological ' . 
Ecological processes may ch~ge after 

invading species have ·establlshed and 
spread (Walker and· Smith .1997). These .· 
changes may be minimal and. t~e· plant 
invader may simply Increase SpecIes ncb­
ness. In contrast.: wl.tere ecological 
processes are sufficiently ~isrupt~ ~ative 
species can be dispt~ IOcreasmg plant 
community vulnernblhty to further IOva­
sion and regeneration of the invasive 
planL When perturtiation o.f ecosystems 
exceeds ecological thresholds, ~osyst~.m 

change can be so profound that controlhng 
the invader may not re.~tofC the ecosystem 
to :1 desired condition (Hobbs and 
Humphries 

• 

. '. 

-l;rpsiOD Burl 

stream sedimenmtion (Lneey el aI. 1989). 
energy flow and nutnent cychng (ve@eid 
an d vuh Wtigen 1986. v dousek and 
Walker 1989, Stock and Allsopp' 1992), 
native ~ant regenerntion (Tyser and Key 
f9SS oods 1993. Belcher and Wilson 
1989: Kedzie-Wcbb et al. 2001), and ·fire ·· 
regimes (Hobbs and Atkins ) 988, Hughes, 
et al. 1991, Whisenant 1990, D'Antonio 
and Vitousek 1992 CDr! be altered b ieo 
l1!ant invasions 1 hea cas romu~ lect£?­
rum L.) IQvasldn 1(\ t e Intennountaln 

tenn progress towanl control of the pests 
and rangeland improvement. Past range­
land management practices and climatic 
changes have contributed to plant commu­
nity shifts by altering .disturbance regimes 
thnt have accelernted invasive plant estab­
lishment and expansion (Hobbs 1989, 
1991,2000, Mack 1989, Hobbs and 
Huenneke 1992, Sutherst 2(00). 

The use of any single technology to· con­
trol these species is usually not successful. 
Removing invasive plant species with 
chemical or· biological control measu~ 
may only open niches for other undesir­
able species to occupy or to be reinvaded 
by the same species unless desirable 
species are present to fiU the Vaca~ nieti­
es. Where desirable species are either not 
pre."ent or in lqw abundance., plant com­
mUl)ity recovery will be :dow or may not 
occur withoiJt revegetation (Masters et aI, 
1996, Master.; and Nissen 1998). 

West is thOU~ht to have been .~a~ilitated by 
overgrazing Young. ~na COnglaJJd 1996) --=-> or by cheatgrass' ab ility to occupy vac~t 
n·iches and suppress native species recruit­
ment on areas that have not been over­
grazed (Svejcar and Tausch 1991). 
Cheatgrass proliferation has increased ~e 
frequency and intensity of fires occumng 
in sagebrush. grassl8:nds (D'Antonio ~d 
Vitousek 1992). Th~ altered fire regtme 
has reduced the abundance of native grass­
es and shrubs in these grasslands and 
enabled cheatgrass t6 dominate. Invasi,ve 
plants also pose a threat to specieS destg- . 
nated as threatened or endangered by 
reducing the quality of natural ar:eas estnb­
lished to protect habitats· critical to the sur­
vival of these desirable species (Randall 
1997). . 

lnvn, .. ive pl~nts c:ln Teduce wild~ife habl­
tnt quality. Areas dominnted by leafy · 
spurge (Euphorbia esula L :) were used 
less by deer and bison than non-i~fested 
areas (Trammel and Butler 1995). On 
native bunchgrass sites • . dense spotted 
knapwecd (C~II'nur~a maculosa La~.) 
populntions reduced winter foroge avml­
able for elk in Montana (TJlompson. I996)~ 

Definitions 

According to the Executive Order 13112 
issued by the President of the United 
States on 3 February 1999, alien species 
are, with respect to a particular ecosystem. 
any species. including its propagules that 
is not native to that ecosystem. Invasive 
species· are alien species whose introduc­
tion does or is likely to cause economic or 
environmental harm or harm to buman 
hcialth. Native species are, with respect to 
a particular ecosystem, a species that. 

. other than as a result of an introduction, 
historically occurred or currently occu~ in 
that ecosystem. Cronk and Fuller (1995) 
considered an in·vasive plant as an alien 
plant spreading naturally (wit.h5?ut the 
direct assistance of people) in natuml or 
!ieminatural habitats, which produces a 
significant change in term.s of composi­
tion. s.tructure or ecosystem processes. A 
noxious weed is an undesirable plant 
species that is regulated in some way by 
law (Dewey nnd Torell 1991, Sheley and 
Petroff 1999). 

Tnstead of relying on a single technolo­
gy, integr.ited pest managemc:nt empha­
~i7.e." the sequential application o f compti­
mentruy or synergistic control measl:'re5 in . 
an economically and ecologi.cally effective 
manner (Pimentel 1982). Integrated pest 
management is the coordinated use of 
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Elk use of spotted knapweed-infested 
areas increased 266% after spotted knap-
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weed was conlrOlied. In the lntemlountain 
West, changes in nre frequency caused by 
cheatgrnss invasions reduced native ~hrubs 
that are important for wildlife habitat 
(Miller ·etal.1994). 

Riparian areas are 'some of the most pro­
ductive range sites. in the West. with greater 
diver.iity of plant and y;ildlife species than 
adjoining lands (Sheley e< al. 1995). In 
healthy riparian systems, ' veget;uion 
removes scdiment from walcr before it 
moves illlo slreams. Riparian vegctation 
absocbs and dissipateS the energy of flood­
Walen;. thereby reducing strenmbank ero­
sion. It also provides critical habitat for ter­
restrial and aquatic wildlife. Saltcedar 
(Tamtlrisk spp.), ·which has in,!,aded wet- . 
lands and riparian streams throughout the 
westem.l1nited States, reduces diversity 
and productivity of the herbaceous under­
su~ry. and uses large quantities .of water 
(DiTomaso 1998): Dense populations of 
saltcedar lower water tables, reduce surface 
water, decrease native vegetation needed by 
wildlife, and alter frequency of floods. 

Economic 
Economic impacts of invasive plants on 

rangeland have received limited attention 
(Naylor 2000). The difficulty quantifying 

. the economic value of goods and services 
provided by ecosyste'ms, i.e" ecological 
economics (see Saghoff 1995, Daly 1995), 
further constrains assessment of economic 
impaclS of invasive plants. Attempts have 
beeo made to assess the impact of invasive 
plants on rangelan.d economic value and 
enterprise net returns. Bioeconomic mod~ 
els were developed to estimate direct and 
indirCct economic impacts of leafy spurge 
(Leitch et· al. 1996) and spotted knapweed 
(Hirsh and Leitch ·\.996). The cconomic 
impact of leafy spurge in Montail .. North 
Dakota, South Dakota, and \Vyoming is 
estimated at $130 million eaeh year 
(Leitch et al. 1996). Spotted knapweed 
costs Montana ranchers an estimated $11 
mil~on aonually (Hir.;h and Leitch 1996) 
and if ~l1owed to spread, cost to 
MOlltana~s livestock. industry .could exceed 
SI.5l million each year. 

Invasion Process 

Invasive plants can aher ecosystem 
processes and plant community succes­
sional trajectories. Whcn describing the 
invasion process, it is irqportant to consid­
er -invasion as a component of succession. 
Johns(cme (1986) deCinel lIucccSfiion·o.a the 
chonge in species comp<)sition over time. 
The cue and direction of succession 
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Table 1. General causes or ecological succession, contributing processes: and modifying ractors 
(PickcU ct aL 1987). 

Gencr.tl causes 

Site availability 
Species availability 

Species performance 

COntributing Process 

Disturbance 
. Dispersal 
Propagu.lcs 
Rcsour= 
Ecophysiology 

Life history 

S""" 
Competition 
Allelopathy 
Herbivory 

Modifying facun 

Size, severity, ·rime. dispersioll 
Llllldscape configwution. disperW agents 
I...aIld use, lime :&ince last distu:J:banc:e \ 
Soil. topogmphy, site bistoiy 
Germination" rc:sponse, aSsimilation rntcs, growth 
rates, ,genetic differentiatioll 
Allocation. reprodllCuve timing. mode or 
rcprtK.luc1ion • 
Climnt.e. silO hislory. prior occur'atlls . 

. Competition. herbivory, resoun:e avaihabi1i.ty 
Soil chemistry, microbes., neighboring species 
Climtl1c., ~ator&. plant defenses. patchiness 

depends on the interaction of species inva- ·the distribution of the ~'s biota since 
sion and the reaction of the species in the the end of the Pleistocene Qave been as 
plant community. Succession is influenced radical." Many of the plants that have 
by 3 general factors : site availability; invaded the" New World originated i~ the 
species availability; ' and species perfor- Mediterranean Basin ao.d steppes ·of the 
mance ·(Table I) (Pickett et al. 1987). Middle East (Heywood 1989). These 
These factors are affc;cted by various regions have been subjected to a 'long his­
pro~esses including dis turbance and tory of human habitatioD an"d many plants 

. plan.t:plant and plan:t:animal interactions arising from' these regions co-evolved with 
that:Jcan be modified to alter succession. agricultural practices. This association 
Succession can be predicted and II¥lDipu- with agriCUltural production systems has 
lated with sufficient information about dis- enhanced development of invasive· traits in 
turbance regime, site, . species, and man- plants. Introducti~ns of alien organisms 
agement tools. continue today despite global implementa-

A conceptual fnmework to describe ' tion of quarantine programs for agricultur­
plant irrvasioo can be useful in underslaod- '3! pests (Mooney aod Drake 1989). 
ing the· invasion process and in making Once the alien plant arrives at a neY' . 
management decisions. Williamson (1996) site, community invasion is regula~ed by 
provided a structure to organize invasion characteris tics 'qf the invading plant and 
proces.s information. He partitioned the the existing community (Lawton 1986). 
process into 4 phases:' (1) ani val and Various, often interrelated, hypotheses 
establishment; (2) spread; (3) equilibrium about species and site invasive characteris­
and effeCts; and (4) implications. Within lics have been generated to provlde a 
each of these phases there are specific framework for ecological theory of inva­

:conceptual points, which further describe sion. (Cronk and Fuller 1995). The 
the invasion process. The first 3 phases absence of predalor hypothesis proposes 
represent the beginning, middle, and end tll'at invasive plants have an· advantage 
of the process. The fourth phase describes ......... because they are introduced into new envi­
the consequences of invasion on the ~om- .' roninents without naturai" e!lemi~s from 
munity or ecosystem. their native range, The gre¢er .reproduc-

The invasion process begins ' with the live PQlential hypothesis indjcates that 
anival of alien plant propagules at the new invasive plants are. ~oie"'fecuDd than 
site. Within me last 500 years, movement . native species. The P~gfl!. ~pted native" 
of alien plants has been "accelerated. l?Y species ~iypothes~. P.~~~'thl;lt"invasive 

human-related activities, through intended . plants exhibit "a grc;~te~: tolera.nce to ' 
or non-intended introductions (Crosby . resource ·constraints["than -'.do ' native 
1986, Di Castri 1989). Geographic dis- species. The c""~if;;(~!uii]i:~ /Jypolhesis 
tances and physical barri~rs, mountain suggests 1.J;Iat i~v~f¥.-;p!an_t~ a:u-e better 
rnnges and oceans •. are reduced as impedi- adapted to altered Chemical status of an 
menlS to movement of alien species given invade4 site: T~~~ b'a.l~~·ce of'nature 
the .increased efficiency and speed w,ith hypothesis is 'Cen~~ po the .co~cept tha.t 
which man transports matcrinls around the spc<?ics:'r:i,c.:h c:=P~.Y.w.qB' .. ~· ~ore resis­
world. Mack (1989) indicated Ilia! ternpet- tan! to inv'!';i,?n: tJit~-a>!'99!'POO[ commu­
ate grasslands outside Eurasia have been ~ti~j. Tfr:~~.~g,t.y;~b~:~'Eot"~is c?n- " 
forevcr changed by. human activitics that ~~,?~S}:4.~,~9~~d~~q:~~.n.itics contain 
hoye facilitated the introduction of allon un~~~Ill.'!4;J]:l~~~~~Y~fq~ .habitation ~y 
plants. He . wrote, "Few other changeS 'iii., invasive plants. Tb,,;dlstu;blll1Ce-produced 

. :~. :~ \~;~~~?~~]~.:~~~r·.t:: :: 
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gaps hypothesis suggests that some level , disturbance as any relatively discrete event 
or disturbance is necessary to 'allow nn in time thatdisrupl" , ecosystemf~ommuni. 
invading species to gain a foothold in a ty, or population structure. and changes 
community. These hypotheses provide a resources, substrate availability. or the 
foundation upon which to build theory and. physical environment.. Events that affect 
ultimntely •. to predic.l species jnvasionS. resource availability and community 

Attempts to c1assify species according demographic processe$ such as fire. 
to their invasiveness have resuJted in Jist- stonns, noods. grazing management. nnd 
ings of genetic, physiolo$ical. and cc910g- fertilization are considered to be distur­
ical attributes most often associated with banccs. Roads are disturbances that pro­
successful invaders (Baker 1965, 1986. vide corridors for invasive plnnt dispersal 
Baker and Stebbins 1965, Gray 1986, (Lonsdale and Lane 1994, Parendes and 
Lonspale 1-994). Mack (1996) reviewed Jones 2000) and alter the physical and 
the advantages and disadvantages of chemical components 9f.the ~vironment 
approaches . to assess plaots invasiveness. (Trombulak and Frissell 2000), which fur­
These approaches included: liSting traits of ther facilitate invasion. Disturbances asso­
the invasive plant; characteriz-iog the dated with global change (global wann­
native range of the invasive plant; devel- iog, increasing atmospheric ~. increas­
oping models to predict 'invaslve!less; . ing nicrogen deposition. etc.) will likely . 
quantifying growth .characteristics of the ... .influence distributions of invasive plants 
invasive plant under different conditionS" (Bazzaz 1990, Johnson et aL 1993, 
in' controlled environments; comparing Patterson 1995, ,Vitousek et a1. ·1997, 
characteristics of in'vasive and rion-Inva- D'Antonio 2000. Dukes 2000). 
sive cogeners; and planting the. species in Disturbance is an 'important facto~r 

the field with and without manipulation of . affecting community structure and dynam­
· resources. Panetta (l9Q3) and Reichard ics (Cooper 1926, Watt 1947, Elton 1958) 
and Hamilton (1997) suggest that the best that promotes invasion by alien plant 
predictor of whether or not a species species (Ewel 1986. Fox and Fox J986. 
would become inv~ive in a new environ- Hobbs 1989. 1991. Forcella and Harvey 
nient- was its invasiveness elsewhere. 1983, Pickard 1984). especially where dis­
Nobel (1989) determined that high popula- turbance disruptS speCies interactions and 
libn numben at any life stage in the native reduces competition (Crawley ) 986, 1987, 
environment was a good indicator of inva- Kruger et al. 1986, Macdonald et aI. 1986. 
siveness. white adult and seed longevity Crawley 1987. Orians 19&6, Fox and Fox 
and plan~ perenniality were not reliable 1986). Invasion s\lccess appears to be 
indicators of invasive: potential. He con- dependent on the extent ~d type of distur­
eluded that ,knowledge of the invaded bance, propagule pressure (number of alien 
environment was as important as the char- plant propagules in the community and 
acteristics of the invading ' species in pre- duration of community exposure to propag­
dieting the invasion process. utes) (Rejmanek 1989). and time interval 

To continue the invasion process, alien between disturbance events (Hobbs and 
plant propaguJes must be dispersed into Huenneke 1992). Community suscePtibility 
the new site and arrive at microsites that to invasion is increased when ' disturbances 
provide an environment conducive to plant deviate from historical patterns because,the 
establishment. The location where the resident species are not adapted to lhe new 
immigrant pl~t can germinate and grow disturbance regime (Burke -and Grime 
has been referred to a-:; a "'\safe site~' 1996). Managin.g invasive plants requires 
(Harper 1977), "regeneration niche" manipulating the process of disturbance to 
(Grubb 1977). or "invasion wi"ndow" favor,desirable species. 
(Johnstone 1986). ·Safe si tes meet the Species di"ersi~ may be another factor 
requirements of the alien species for ger- that influences community invasibility. A 
mination. growth. and development and commonly cited concept is that communi­
enable the plant to reach reproductive ty invasibility increases as the number of 
maturity. species decreases (Elton 1958, Rejmanek 

Disturbance often increases safe site 1989, ·Lodge 1993, Tilman 1996, 1997, 
availabili~ for .invasive .plant establish- 1999): Proposed mechanisms that support 
ment (Grubb 1-977. ' Harper ' 1977, this premise are that diverse communities 
Silvenown, 1981·, Fox 1985, Hobbs 1991). have a gre"ter vnrie~ of ways to captuR: 
Various definitions of disturbance have r~sources or possess species that more 
been proposed (Rykie1 1985,·'pickett et al. fully utilize resources than less diverse 
1987, van Andel and van den Berg 1987, communities (Naeem et al. 1994, Tilman 
Petraitis et al. 1989. Hobbs and Huenneke 1997)~ .thercfore. niches are already aceu-
1992). White and Pickett (1985) defined pied w~en a potential invader arrives. 
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There is evidence that species-rich com­
munilie.~ contain n grenter number of aHen 
species than species-poor communities 
(Pickard 1984, Kpops et al. 1995, 

·Robinson et a1. 1995. PI;mty-Tabacchi et 
al. 1996, Palmer and Maurer 1997). 
Following an analysis of dat.a collected 
from 184 sites, Lonsdale (1999) deter­
mined that communities richer in native 
specieS contained more alien pl~ts than 
species-poor communities. There was no 
causal rei:iiionship between native and 
invasive plant diversities when measur¢ 
at the community scale. Low.-diversity . 
shortgrass steppe and dry meadow cOm­
munities were more ttsistant to iovasion . 
than high-diversity wet meadow and ripar­
ian cOmmunities (Stohlgren e( at. 1998. 
1999). They suggested that shortgrass 
steppe and dry meadow communities 
resist invasion because of the low levels 
and availability of resources (soil nutrients 
and water), whieh are eSsentiallY monopo­
li~d by the native vegetation. In cqntrast, 
high diversity communities are relatively 
resource rich, and resources become avail­
able follpwing disturbance (hat can be 
exploired by invading species. 

Disturbance appears-. (0 be critically . 
important in the beginning of the invasion 
process because it creates openings for 

' alien plants to occupy. Fluctuations in 
local species abundance in species~rich 
communities may provide an opening for 
alien plants to become establishCd (peart 
and Foin 1985). Elton (1958) indicated 
that the lack of invaders into a given com­
munity was the result of competitors. 
predators. parasites, and. diseases that 
enabled the community to resist invasion. 
Invasions· were successful only when ~ 
barriers were reduced or removed by dis­
turb::lOce, or in the case of an alien species, 
natural ' enemies were left behind in the 
native habitats. In contrast. Simberloff 
(1989) suggested that the vulnel1lbility of 
a community to invasion was not because 
of these barriers, but rather the greater fre-

. quency of human-mediated introductions 
,of alien species ' into disturbed communi­
ties. Obviously. the invasion process can 
be affec{ed by a multitude of interacting 
factors including [bose described by Elton 
(1958) and Simberloff (1989). . 

Once alien species establish, the next 
phase is their spread through the commu­
nity (Willi-amson 1989, EBon 1958, 
Okubo 1980). An important component of· 
spread is the rate nt which . the invading , 
species colonizes new sites in the ctlmmu­
nity ~ooney and Drake .1989). Rate of 
spread is n: function of both the alien 
species charact~ristics and the charncteris­
tics of (he ecosystem through which the 
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species spreads. Moody and Mack (1988)" 
indicated that the rale of spread of an 
invader will be geometric if spread is from . 
widely spaced patChes versus a linear rate 
if spread is from a "nascent foci" or single 
patch. Early in the invasion process there 
is a lag phase where the invasive plant 
populations remains small and loc~ized 
tor long periods before expanding expo­
nentially' (Fig. I) ·(Mack 1985. Auld and 
Tisdell 1986. Brniihwailc cl al. 1989. 
Griffin et al. 1989,1.onsdale 1993. 1999). 
Hobbs and Humphries (1995) attributed 
this lag phase to several factors including 
the time needed for the invading plant to 
adapt to the site before spreading rapidly, 
the invading plant~s requireme;nt for a spe­
cific event or scOes of distu·rbance events 
th4lt facilitate tllpid spread, or the invading 
plant is simply not noticed until ·it 
becomes widespread. 

Integrated Invasive Plant 
Management 

Integrated weed management evolved 
from. the concept of integrnted pest man­
agement in agriculwrnl crops. Integrated 
pest management was developed by ento­
mologists during the late 1950s in 
response to problems· created by excessive 
use of insecticides ('Thill el aJ. 19~1), and 
was supported by'T public concerns about· 
environmental coosequences of pesticide 
use that were catalyzed by Rachel 
Carsen's Silellt Sprillg (1962). Inlegrated 
pest management' has been defined in a 
number of ways, Two common definitions 
are ' that this management s trategy 
involves: (1) a cpmbination of biological, 
chemical, and culturul methodS for main­
taining pests below economic crop injury 
th~holds (Bum et al. 1987, Flint and van 
den Bosch 1983) or (2) non-chemica! pest 
control measures .' to reduce reliance on 
chemical pesticides (Goldslein· 1978). 
Integrated pest man~genient programs 
should be developed from interdiscipli­
nary efforts that gather infonnation about: 
(1) the ecological basis of the pcst prob­
lem; (2) how to make the crop environ­
ment unfavorable for pests; (3) when pes­
ticide treatments are needed based on pest 
and natural enemy, populations dynamics;· 
and (4) benefits and risks of the inlegrated 
pest management strntegy for agricu.lture 
and socielY (Pimenlal 1987)· 

Intcgrated weed" management emerged 
as a viable concept among crop weed sci­
entists in the 1970s. Integrated weoo man­
aoement was defined as the application of o . 
technologies in a mutually supporuve 
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Fig. 1. Phases or weed invasion and priorities foC" ~ction at each phase:. Qo-quamn~ne priOl"· 

ity phase; Cg-eradication priority stage; Cr:-conlrol. prio~ty ph~e (expon~tial growth 
philse); Cz-m.:t.ximum population level; elfectin control unl~kely wtlhQut n;assave resource 
inputs. Ease or tl"eatment declines an~ difficulty and ~ lDcreases movmg from lett to 
right (Hobbs and lIumphries 1995 after Chippendale 1991). 

, . . 
manner, and se lec ted, integrated. a nd environmental risks (U:S, Congress, 
implemented with consideration of eco- Office of Technology Assessment 1993), 
nomic, ecological, and sociological conse- Placing value-laden judgements on the 
quences (Wa1ker and Buchanan ~982) . various pest management tools and rank· 
Shaw (1982) indicateq ~hat integrated ing them according to s'ubjective·,criteria 
weed management is an approach in should be avoided. All available tools 
which principles, practices, methods, ao~ should be considered during development 
strategies are ~hosen to control pests, of integrated weed management p~grams 
while minimizing undesirable results. and those selec~ should optimize nttain­
Thill et a1. (1991) defined integrated weed meot of specific management objectives. · 
management as the integration of effec- Developing effective integrated weed 

, live, environmentally safe. and ~ociologi- m~ement programs requires a thorough 
cally acceptabl~ control tactics that redu~e u~dCrs~~g of the biol~gy and ecology 
weed interference below tbe economic ,of the mvaslve plant and Invaded comrou­
injul"Y. level. Sheley el .a!. (1996), empl)a/ nily. Information .aboul pili;>! demo~phy, 
sizing management and nQt control of propagule c;1YOamICS, ~eedli.ng recruItment. 
noxious rangeland weeds, indicated that plant growth and ~evelopme.nt. an.d m~­
integrated weed management strives to use ods o.f r~~~odu~tJOn cou~d h~l~ Identify 
the fIlost economically, ecologically, and vulnerabilitIes to beexplOlted m lDtegrated 
environmentally effeCtive combination·· of' weed management systems (Rado.sevich et 
principles, technologies, and systems to al. ~997). In ad~tion! it is critical that the 
meet milOagement goals. causes of plant mVl1S10n be understood so 

Integrated weed. management provides a that they caD be alleviated. (Hobbs and 
context for managing·pests that is ecosys- Norton 1996). 
tem--center~ and oot specific to a species Adapting,the basic concepts of integrat­
or pest contro.1 technology. Frequently. the ed weed ~agement on cropland to iQ,te­
stated or implied goal of integrated weed grated weed management on rangeland 
management is pesticide-use reductioQ ~ appea(s relativel~ straigh.tforwnrd. 
We believe that this is not in keeping with However, there are differences 10 manage­
the basic concept. of integrated weed ,man- ment intensity and management objectives , 
agemenl, which is a sustainal;lle approach between cropland and rangeland that need 
to managing pests by combining biologi- to be, considered. FI.rst, monocultures of 
cal cultural, mechanical and chemical · agronomic species are grown on croplan4 
lOO~ that minimize economic, health anq. ~d are often intentionally"disturbed sever": 
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al times during the production cycle. ' ,.,eradication of the invader is usua1ly not a 
Cropland ~s man~ged !nt,ensivcly and realistic goal. Instead, the emphasis should 
resource inputs, c.g .• pesticides. fertilizer, be to reduce the impact of the jnvadcr to 
and tultiyation, often improve economic an acceptable level and keep the plant 
returns. In contrast. rangeland supports from dominating the plant community and . 
heterogeneous mixOires of plant species substantively altering ec:osystem process­
and is managed extensively. The relatively es. After the·inyader has reached its maxi­
low value of rangeland per unit area' mum abundance, containment of the 
redUtXS the economic viability of resource invader or implementation of intensive 
inputs compared with ' cropland. Second, restoration efforts may be the only feasi~le 

identification of economic thresholds of management options. 
injury caqsed by pests are cen~ to devel- Monitoring and asses$ment of invasive 
opmerit of integrated weed management plant distributions during invasion and io 
programs in cropland. Determining ceo- cO'njunction with management provides 
nomic thresholds for rangeland invasive the basic infonnatioq necessary for pJ8.IJ-l 
planlS is difficult and has not been ade- ' ning (Cooksey and Sheley 1m. Johnson 
quately addressed. Furthermore. cOntrol of '1999)"Remote sensing tools such as aerial 
rangeland invasive plants designated as videography, geoiraphic information sys­
noxious is often m<l!ldated by law without terns , global positioning systems, and 
regard to economic. thr.esholds. Finally, .. satelJite-bome, narrow-band, multispectral · 
impacts of invasive plants on rangelan~ i~aging technology have the potential to 
ecosystem function and structure may"'be improve "aCCuT8cy nnd reduce 'the time 
of more concern than economic im'pacts, needed to assess invasive plant distribu­
especially on rangeland where other prod- tions (Everitt et at 1995. 19960. I 996b. 
ucts besides livestock, e.g. wildlife., rttre- Bork: e~ a!. 1998). Time-repealed sUrveys 
ation, aesthetics, and wllter. are importnnl allow continual nssessment of manage-

Invasive ', Plant Management , 
StI:ategy Components 

The magnitude and complexity of 
rangeland weeds, combined with the costs 
for their control, necessitate the use of 
integrated weed ' management (Sheley et 
a1. 1996). Education, prevention, detec­
.tion, monitOring and assessment, aiJd weed 
control methods are key components of 
integrated management ~trat.egies. 

Education is an under-:emphasized. but 
important part of invasive plant manage­
mcnL Public .awareness about the eCologi­
cal, environmental, and economic impacts 
nssocinted 'with inva"ive plnnL'i may help 
provide the political support and resources 
necessary for iovasive .plant.managemenL 
Awareness also can promote activities, 
such .as early detection of newly arriving 
species, in which the general public can 
participate. On-going educational prQ-: 
grams provide practitioners and the gener­
al public with knowledge of current man­
agement strategies essential to sustainable 
invasive plant managemenL 

Preventing invader introduction by 
restricting movement of propagules from 
infested areas 'can minimize invader dis­
persal into new habitats. Early de(e~tion " 

~ollowed by swif~ intensive. and aggres­
sive implementation of effective control 

" ~ea.sures during the invasion "lag phase 
(Fig .. I) are "essential-to eliminate the 
invader. or at least to prev~n[ seed produc­
tion (Zamora et ,al 1989j, Once the inva­
sion process is in the exponential phase. 

ment effectiveness and provide the infor­
mation necessary to modify strategies to 
optimize management. Knowledge of 
invasive and native plant distributions is 
important fo"r developing invasion risk 
assessment models based on invas ion ' 

' dynamics, environmental characteristics. 
and weed dispersal processes. 

An adaptive management app~ach can 
co~plement integrated programs to man­
age invasive plants on rangeland. This 

" approach requires "establishinz manage­
. ment goals, d~veloping and implementing 

management programs based on the goals, 
monitoring and assessing impacts of man­
agement efforts. and modifying goals and 
invasive p1ant management in light ~f new 
infonnation (Schwarz and Randall 1995. 
Randall 1997), Adaptive management has ' 

" been developed as an integruted.. multidis- . 
ciplinary approach to deal with the uncer- " 
tainty associated with natural resource 
management (Holling 1978. Waite", 1986. , 
Gunderson 1999), This appro3ch provides 
a way to move from a reactive to a pro­
active mode of invasive plant mnna~emenL 

Weed Control Methods 
BiolovicaI. Quimby et al. (1991) 

defined biological <:cntrol of weeds as the 
plB:nned use of living organisms to ieduce 

. the plp,nt's reproduc~ve capacity, density, 
and effccL Biologica1 ~ntroJ can involve 
any of 3 strategies: conservation; augmen­
tation; and importation of "natural enemies 
(Harley and Forno 1992). Conservation 
involves manipulation of the environment 
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to enhance the effect of existing natural 
enemies and is usually us~d to "manage 

"native weeds. Augmentation emplOys peri­
odic release of natura! enemies and is 
restricted t9 managing' weeds in high­
value food crops because it requUes large' 
investments· of time and · mon~y and 
repealed interventioQ. Importation. also 
known as classical biological control. is 
the plnnned relocation of natural cnerrues 
of exotic weeds from their native habitats 
onto weeds in their mituratized habitats; 
This strategy seeks to reestablish weed 
and naturnl enemy intCraciions thal reduce 
the weed populatibn to an acceptable level 
(DeBach and Rosen 1990). Synchrony in 
the life cycles" of host plant and agent, 
adapuition of .the agent to a new climate 
and habitats,. ability" of the agent to find the 
host at varying densities, capacity of the 
agent to reproduce rapidly, and the nature, " 
extent, and timing of the damage caused 
by the biocontrol agent are amc;mg the fac- " 
tors that determine biocontrol agent effec­
tiveness (Louda and 'Maste", 1993): ' 

Success of biologicil weed contrOl dur­
ing the past 200 years has been variable. 
Julien (1992) documented 610 biological 
control projects that involved 94 weed 
species in 53 countries. There have been 
soine phenomenally successful biocontrol 
·project" including co~trol of Opunfia spp . . 
in Australia by the moth Coaobfasws cac­
forum and control "of St. l ohnswort 
(Hypericum perjoratum L) in tJie Pacific 
Northwest by the beetles, Chrysolina 
quadrigemina and . C. /ryperici. There are 
72 examples" worldwide where weed bio­
control programs have been underway for 
a sufficient period to assess control. Of 
these programs, 28% have resulted in con­
trol that could be rated as'sometimes com­
plete (Sheppard 1992): In contrust, nO con­
trol was <1chieved in': 35% of these pro­
grams even though 'biological control 
agents were established. important factors 
that have contributed to the limited suc­
cess of biological weed control programs ' 
include a high level of genetic diversity in 
the target species; limited compatibility of 
agents with the invasive plant genotype. 
and opportunistic predation and parasitism 
of. biocontrol agents in the introduced 

, environment (Sheppard 1992)" 
"The release' of imported biological con­

trol agents on invasive plants "is not with­
' ounisk (Harris 1988; Howarth 1991. 
Follett and Duan 1999). By its very nature. 
classical biocontrol involves release of 
alien organisms to control o ther alien 
organisms and alter bOtanical composition. 
The consequences of natuml enemy uti­
lization" of native relatives of the alien 
weeds ai-e considered a potentially detri-
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mental side effect of biocontrol (Harris 
1988, 1990, Ehler 1990, Howarlh 1991). 
Within a decade after release of 2 beetles, 
alry~olula quadrigemiuo and C. hypericf., 
to control SL lohnswort (Hufraker and 
Kennett 1959). larvue of. c. ' quadrigcmina 
were found feedi ng on an introduced orna­
mental. H. ccuycinum L., and to a limited 
extent on a related native :c;pecies, H. 
collcifllW11l Beth (Andres 1985). TIlc sced­
head weevi l~ Rltinocyllus conicus Froel., 
introduced from El:lrope into North 
America' to control musk thistle (Carduus 
nutans L.) (Kok and Surles 1975) has been 
reared from flowerheads of several native 
Cirsium ~es in California (Goeden and 
Ricker 1986, 1987, Turner et aL 1987): It 
has ~so reduced seed production of 'native 
Cirsium species' at several locations in the 
central Great Plains (Louda et a1. 1997). 
Once an insect is released into a new envi­
ronment" little can be done to restrict its 
distribution or host affinity. Monitoring 
candidate biological control agents for 
range expansions. host shiftS. and effects 

'on related nontarget plants is critical 
. (Howarth 1991). 

Genetic variation in populations of the 
. asive lant can 

influence biocontrol program success 
(Roush 1990). High levels of genetic vari­
ability in traits that influen~e' insect impact 
should increase the probability that the 
insect will adapt to the new environment 
Furthermore. genetic variation ex:tends the , 
range over which the natural enemy can 
occur and utilize the w'oed (Harris and 
Peschken 1971). identification of impor­
tap.t genetic variation and its maintenance 
in importation, mass-rearing, and release 
should enhance' chances of success : 
Biological diversity is usually highest in 
the center of ofigin of a taxon (Vavilov 
1992) and the gre<ltest senetic' variation in 
the natural enemies may be found in the 
areaS of weed origin (Bartlett nod, Van den 
Bosch 1964, Zwolfer et a!. 1976). 

Molecular biology offers tools to quanti­
fy invasive plant genetic diversity and to 
belter, match nmurnl enemies with the tar­
get invasive plant (Nissen et al. 1995, 
Rowe et aI. ' 1997). Taxonomists, evol,u­
tionruy biologi~ts and breeders usc mole­
cular techniques to 'measure plant ,genetic , 
diversity and determine how plants are 
related. Selected DNA-based molecular 
marker techniques offer an app'roach to 
quantify invasive plant genetic diversity in 
native and in~uccd habitats 'and provide 
a better understanding of the complex 
relationships between invasive plants and 
potential b'iocontrol agents. This infonna­
tion could provide insights into the geo-
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graphic origins of invasive plants and pro- are·essential for plant growth 'and develop-. 
vide a ·means to direct. the search for coni- meat; are phytotoxic aJ: very low.rates; and 
patible biocontrol agents~ " Im:ve lo,,! toxicity to 'v~mtcs and inver-

Chemical. · Herbicides are assigned to tcbntes. Imazapic applied at 140 to 210 g 
groups aecoming to their, chemistry and ni ,hO:', controls leafy spurge (Masters et 
mode of action (Dcvin~ et .1,. 1993, Ross IilI99B, Thompson <till. 19\18) nod is 101· 
and Lembi .1999) (Table ·2). Mode of eraied by rrumy species in the GmminClle' 
action refers to the system, process, or tis- Fabaceae and, Compositae families. 
sue affected by the he!bicides. A bemicide Another. uaique attribute of. imazaP.ic and . 
is us urllly, selective within ccrtuin CDtcs , other imidazolinone herbicides is the abili­
environmental conditions, and methods of ly to control many annual grass and 
application. Foliar·active herbicides !'Ie broadleaf weed species during estnblish­
applied directly to the leaves or stems of ment of desirab le native warm-seasQn 
plants where they are absorbed and gIlISsos, forbs, and legumes (Masters et aI. 
translocated in the plant These herbicides 1996, Frye el aL 1997; Rivas·PantQja. et aI. 
mayor may not rewain active once moved 1997, Beran et aL 19993, i999b, 2000). 
into th'e soil. Soil-active herbicides are "'~ lmazapyr controls sa1u;::cdar in New Mexico 

.absorbed by the roots from the soil water when applied at 056 to O.~ kg ai ha"1 in 
solution.' Herbicides cim be cat.egorized as late summer to early fall (DuDcan and 
to whether they are applied before planti- McDaniel 1998). Sulfometuron is currently 
ng and before (preemergence) or after , registered to ' controlcheatgrass, med~a-
(postemergence) weed emergence. head (TaQliatherum caput-medusae (L.) ~, : 

Herbicidl!S have been the dominant tools Nevsb], and cheat (Brorrws seeafinus L.) ~ 

used to control invasive plants on range- on noo-croplaod a~tacd by state and ~. 
land (Bovey 1995). Potential for ground or federal land management agencies in the t 
surface' water contamination, adverse Int.enuountain West (EPA Registration No: ~ 
effect on desirable ·plants, and cost of 352-401). . ~ . 
repeated application to control weeds are Cultural. Culrural practices include fIre, ,~ 

some 0f the concerns associated with her- grazing, revegetation or reseeding, plant ~ 

bicide use. The myna 0 er 1C1 os cur- c m .. ·on. 'fl= ;Ued1-1 --~. li-,-
rently available. with different modes of ods are generally aimed at enhancing ,deSir- I ~ 
action and selectivity, provide land man- q.ble vegetation to minimize weed invasion. : , 
agen with many options to control unde- Fire; along with climate and herbivory, ~ 

, , ~ 

sirable ,plantS and manipulate ,plant com'" were the primary forces responsible for ~ 

position (Table 2). 'The most commonly the formation and maintenance 'of grass- t 
used herbicides on rangeland are aUxin- " ,land ecosystems ' in North America, ' 
like growth regulators (phenoxy, benzoic, (Wright and BaiJey 1982). As .with any ! 
or picolinic acid berbicidcs) that seJCC;live- disturbance, rue effects on ecosystems arc 
.1y control broad leaf plants and do Dot influenced by its frequency, intensity. ~ea- ' 

injUre grasses when used at recommended son of occurrence, and interactions with 
rates, . other distwbanCes. North American grass· 

Glyphosate1 used on rangeland to con- ,Iaild rue regimes were shaped by sources 
trol grass and broadleaf weeds, which has. ./ of ignition, lightning and humans, and cli­
no activity in the soil This. is. a postemef- mate (l'yne 1984): Hre is a us.eful, ·if not 
gence herbicide, thaL is translocated within essyntial, "practice to 'meet management 
the plant and selectivity is u~ually deter- objectives for many plant communiti~ in 
mined by the plant growth status. Control North America (Wright and Bailey 1982). 
is optimized if the target plant 'is growing ' Selectivity by, herbivores alters 'competi-
at tbe time of app lication and negated tive interactions within 'plant communities 
when the plant is dormant. Ii> the Great (Crawley 1983, Luken'I990). In some sit­
Plains, glyphosate was applied in the fail uations. sheep or goaf grazing (Bowes and 
to control 'cool-season grasses, such as Thomas 1978. Landgraf et"al. 19.84, 
Kentucky bluegrass (Poa pratellSis L.) and Walker et aI.· 1994;I;-ym ei a1. 1997) can 
smooth brorne (Bromus inermis L.), but controlleafy1spurge: Appropriate'grazing 
will not injure warm-season grasses that ' by ab.imals prCfeni.ng weeds C<Ul shift lhe 
are dormant at application time (Bush et pl~fcommuJ;l.ity toward, .qlore desirea 
aL 1989). . . . species (WiIkcI; .199< 1995). ill contras~ 

The imid,azolinone and sulfonylurea her- . ~xcessive' cattle grazing 'without 'periodic 
bicides: disrupt the synthesis of amino , ri:Si ',~ ~leCtively' reduce grass competi­
acids, leucine, isoleucine. arid valine, that ' ti~eri~s; shiftiDg':$e competitive advan- ' 

"ge tq: weedS. (Svejcar wid Tausch .1991). 
'{:Rcvegetntioli wi!b desirable plants may 

'Rda to Table' 2 foc chemical names of hccbicldes . be' the :besf'loog-term altern-alive for 
'mc:nlioned In texL .,:,.; " ' 

managiDg~weedS' 00' sites that lack suffi:' 

JOURNAL OF RANGE MANAGEME!'IT 54(5), September 2001 

'. 

r. ,. ., 
• 



.,. 

';"! 

Table ,I. Selected herbiddes that are ~'~uY'regiStered ror use on rangeland, pastu.:es. or non<rOpland.1 

Plants Application 
themical~p Coinmon nUDe Olemlcal name Mode of action c;ontroUed1 ,Activity' timing-
Dcnwlc .cid Dicamba 3~lchl~2-methoxybe~c odd Aux.in-type &rowtll B F,S PRE, POST 

regulator 
8tn~nitrile . Dromoxynil 3,5-<1ibromo-4-hydroxybenwnitrile :PhOtosynlhc:dc inhibitor B F POST 
Bipyridillum i'aRquot 1,.l'-di,medtyl-4.4'-bipyridinium ion PhotosyAem 1 cnergi=l . B,G F POST 

cieD meml:rincrdisrupc:er 
Semicarbaz.ol;lC:S Diflufeni:opyr 2-{1-{II(3,5-<linuorophenyljamino] Auxin transport inhibitor B F POST 

carbonyl]hy-.drazono]clhyJ}-J-pyiidino- , , 
cart>oxYtic odd 

InUdazolinone Jmazedlapyr 
. . 

PRE. POST 2-{4~ydro-4-methyl-4- Bnnched-c:hajn amino B,G F,S 
(l-mcthylCchyl)-5-<>xo-lH-imldazol.2,yl]' .~ intullitor' 
S-etbyl-3-pyridinecarboxylic aCid 

lmazapyr 2-{4~ydr0-4-methyl-4- Branched-c:hain aminor B,G F.S PRE, POST 
(l-memyle<hyl)-5-<>xo-lH~midazDl.2.yl]. acid inhibitor' ' 
J-pyricfmecarboxylic acid 

Jmuapic 2-{ 4,S-<liliyi!ro-4-mcthyl4{ l-methylethyl)- Branchcck:haio ~mino B,G F,S PRE, POST 
5-oxo-lH.:.imidazo1-2-yl}-5-methyl-3- acid inhibitor 
pyridi~lic acid 

Phenoxy acid 2,4-D q..~ich10r0phcnoxy)acetic acid Aox.in-type growth regulalOr' B F POST 

2,4-0B 
, 

," 4-(2.4-dich10r0phen0xy)butanoic acid Auxin-type growth regulamr B F POST 

MCPA. (4-Chlon;>-2-metbylphenoxy)acetic acid Auxin-type growth regulator B F P9ST 
, Phenylurta Diuron N' -(3,4.dichlorophenyl}-N.N-.dimcthylurea Photosynthetic inhibitor B,G F,S PRE, POST 

TcburhiuTOn N-(S-( I. t -diniethylethyl}-l.3,4-thiadi:azol- Photosynthetic inhibitor B,G F,S PRE, POST 
2-yl}-N,N' -dimethylu ... 

Picolinic acid CIopynlid 3,6-dkhloro-2-pyridinecarboxytic acid Auxin-type growth regulntor B F,S PRE. POST 
PicIonun 4-unino-3~,6-trichtoro-2-pyridine- Auxin-type growth rcgutalor B ' F, S PRE, POST 

carboxylic acid 
Triclopyr [(3,S,6-trlchloro-2-pyridinyl)Oxy]acetlc acid Auxin-type growth regulator B F, S p.RE. POST 

s-Triazine Atruine 6-chloro-N-ethyl-N' -{l-methylethyl}- t ,3.5- Photosynthetic inhibitor B,G F,S PRE. POST 
triazine-2,4-diaminc 

Hexazinone 3-cyclohexyl-6-(dimcthylamioo)-J-mcthyl- Photosynthetic inhibitor B,G F,S PRE. POST 
1 ,3,S-triazino-2,4(1 H,3H)-dioni 

Simazine 6-<:hloro-N.N' -diemyl-I ,3,5-triaziIle-
2,4-diamine -

Photosytlthetic inhibitor B,G F, S PRE. POST 

Sulfonyl urea Chlorsulfuron 2-cbJoro-N-[[(4-rocthoxy-6-methyl-l.3.5- Bnmched-chain amino B,G . F,S PRE, POST 
tria:zin- 2-yl)amino]carbonyl) acid inhibitor 

.; 

bcnu:nesuJfonamide 

MClSulfuroD 2·rm(4-mctboxy-6-methyl·I,3,S-triuin- B~in,arruno B, G F, S PRE. POST 
2-yO amino] carbonyl]amino] sulfonyl] acid inhibitor 
beit:zoic acid 

Sulfomcturon 2-[(((4,6-di.methyl-2-pyrirnidinyl)arruno] Branche:<khain wno B,G F,S PRE, POST 
cac-bonyl) amino]sulfonyl]benw~acid acid inhibitor' 

Umil Bromacil 5-brom0-6-med>yl-3-(l-<T1ethylpropyl)-
2,4(1H. 3H)pyrimidinedione, 

Phot~thetic inhibitor B,G F,S PRE, POST 

Un~igncd Fosam!nc cthyi hydrogen (nminocarbonyJ)phosphomue Unknown B F POST 

Glyphosa!e N-{pbosphonomethyl)glycine' Aromatic amino B,G F,S . POST 
acid inlu"bitor 

Quinc10rac , J,7-dicbloro-8;-quinol~ccarboxytic acid Cell wall fonnation inhibitor B, G F,S PRE, POST 

~ group Ind modeof-=tion from Roes and Lcmbi (1999) and common namemd cbcmiaJ nama rrom (Weed Scic:ncc: Society 0( ~ca'I 994). 
"" broodlelr srccb ond 0 .. cra.u apecia " 1E tilin up by pbat rollagc: and S. has ldIvlty,ln q.e 5011 ' 
~ .. applied before plant mICfJ'CS, and ~ .. applied Ifta' phmt emerges 

dent abundance of desirable species~ 
Establishihg competitive grasses. forbs." 
and Jegumes may suppress invasive plants. 
enhance plant community resistance to fur­
ther invasion. and improve forage produc­
tion and quality (Masters el aI. 1996, Lym 
and TQber 1997, Bottoms and Whitson 
1998, Ferrell el &I. 1998, Maslers and 

Nissen 1998, Whitson and Koch 1998). 
Selecting plant species is a critical con­

sideration when developing a desired plant 
community if the d~irable species are not 

, present in sufficient abundance to enable 
regeneration within an acceptable time­
{rame. JOlles and JohnsoD (1998) 

. described an integrated apprqach {or male· 

'jng 'decisions about how to selec.t plant 
materials for nmgcland revegetation. Site 
potential. desired landscape .. seeding 
objectives, conflicting land-use philoso­
phies .. appropriate plant materials, invasive 
plants, community sera}. status. and eco­
nomic"limitations ~ key components of 

" the" decision-making process_ 
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Tabl~ J.. ExampScs or lntcgrat.ed stnategies for ~n.t.rol ollnr.asi~· plaDti.OD n.agdaDd lmodified alta' Dt"Tomaso zoOo). .. . 
Invasive PhlOl , Stra1egy components , 

Acroptilon repelS (LJ DC Tillage. herbicide. and rcvegela.tjoa Dcnbic:det aL 1963. Boaoms and Whitson 1998. 
Bcoz !" al. 199? · . 

E<katandEvons 1967. Ev ... · ... l. 1967 
Wbitsoo and Koch 1998 . 

Bromus l«fOTUln /... TIllage. herbicide. and revegetation 

Herbicide D.nd grazing Wbi<sOn Ond.Koch 1998 . 
Herbicide, rcvegetD.lion. and bi~ltOl 
Herbicide and revegetation 

" &loe-and OiTomnso 1999' 
. Sheley ct 01. 200t 

Burning nntI herbicide Locey , .. I. 1995 

Cinium arvcllSe (LJ Scop. 

£Uphorbiiesu/a L 

Herbicide and tcvegeuti~ Wlboo and Kadunan 1999 

Herbicide and biocontrol N,iSoo ct 81.1998 
·Scllcckcta1.I962,Fcm:\lctal.I998 : Tillage. habi<=;ide. and revegetation 
Lym aod Tobcc·l997 

Tollage. bcrbicidc, and fctti\izDtioa 
G=ing aod hcrbkide 

Lyin aod Mcsscmnllh 1993 
Lymctal. 1997 

H)~n'cu"! pe'!oralum L 

Herbicide. bwuing. and ICvcgetnion 
Tillage and ~egetalion 

Masten aDd N'lSSCP 1998. Mastc:a et al2001 

Oates and R.obocket 1960 

upidiUJn lalifoli~'" L Mowing and herbicide Renz and DiTomasa 1999 

Lina(ia dlJlmalico (Ll MilL TIIb.ge nnd I"Cvcgw.tion ()"" and ~ 1%0 
HO~Clal l998 Oputlfia stricla (Hawortll) HaIVo"" 

Toell;alherum coput-medusae (L.J N~".ski 

Herbicide and biocootrol 

, Burning. hcrbicide.1llld r:cvegetation 
Tillage. herbicide. nnd rcvegetalion 

Horton 1991 
Young et aI. 1969 

A question faced by land managers con­
sidering revege'tation is whether to use 
native and/or introduced plant materials 
(Lcsica and Allendorl 1999). Th. value of 
local ecolypes (Knapp and Rice 1994. 
Linhart and Grant 1996), native or intro­
duced plant cultivars with improved agro­
nomic lrails developed by fonnal breeding 
programs .(Vogel et al. 1989. Vogel 2000, 
OIsler et al. 1996). and mixed populations 
or hybrid genQlypes (Millor and Libby 
1989;Munda and Smith 1995) in revegeta· 
tion progmms has been ,detailed. Another 
pCrspective is that ra~er than emphasizing 
individual species. the focus of revegeta­
tion programs should be 00 establishing 
[unctional groups (Walker 1992) thai 
maintain ecosystem processes (Noss 1991). 
Johnson and Mayeux (1992) argue that no 
special qualily should be attributed 10 a 
species labeled as a ''native," rath<r the focus 
should be on ecoSystems as "seIf' sustaining 
systems in tams of physiognomic sbuCture 
and f4nctionaJ processes in which various 
species . . . .. "'" inten:hangeable." 
Me: cJurnjcnJ. Mechanical treatments 
involve either removal of the aerial por­
tions of dle weed or removal of enough of 
the root and crown (0 kill the plunt. 
Annuals and some biennials and perennials 
CU1 be. suppressed or controlled if mowing 
occurs before fruits ruillure and viable 
seeds form. Mowing in the fall for '3 con­
secutive year.; decreased spotted knapweed 
den.sicy about 85% compared to areas that 
were not mowed (Rin.lla .t .1. 2001). 
Mowing p'crenninl herl?aceous or woody 

, 510 

.' . 
plants that have the capabilily to reproduce 
vegetatively can actually exacerbate weed 
intert:erence by stimulating production of 
new 'stems from vegetative buds below the. 
cut surface. However, pc:rennia1 plants that 

, reproduce veget.ativcly can be severely 
damaged or killed by tillage (DelScheid et 
al. 1985). bulldozing. root-plowing. or 
grubbing (Vallentine 1989): The bigh cost 
of'these mecha.nical treatments limits their 
use to control ~geland weeds. , 

stands of introduced and native perennial 
grasses have been succes,sfully used to 
suppress leafy spurge and improve fornge 
production on rangeland, In ,Wyoming, 
seedbed preparation consisted of m'ultiple 
glyphosa1e applications in spring and sum­
mer followed by tillage before phinting 
introduced cool-season grasses (Ferrell ct a1. 
1998). lntrodlKXd cool-season grnsses were 
planted in a tilled seedbed following broad­
casl applications of glyphosate and 2,4-0 in 
North Dakom (Lym and Tober 1997). The . 

, planted ~ that were:iTIost effective in 
Integrating Mu~tiple Weed suppressing buy spurge were 'Bozoisky~ 
Control Strategles . Russian wildrye [Psarhyrosrachys juncea 

There are sever.tl examples of !"legralCd {Fisch.) Nevski) and 'Luna' pubesc.nt 
strat~gles used to manage JOv~~ve plants ./ wbeatgrass [Elytrigia inte'nnedia, (Host) 
and unprove rnngeland cornmumbes(l:abIC Beauv.]. in WyOming. and .'Rebound· 
3). Efforts 10 assess the compaUbllily of smooth brome ·and 'Reliant' inlennediale 
~nsecl biocontrol agc:nts and b~icides dur- wheatgrass [Thinopyrum 'intermeilium 
109 develop~ent of l.ntegralCd mana~emetlt (Host) Barkw. & n.R. Dewey) in North 
sys":ms are IDcreaslDg <M.esserslD..lth ·and Dakota. In Nebraska, monoculrure stands 
Adkins 1995), RevegetatJoD ~as' been a of native warm-~eason grasses, big 
common co~po~e.nt of, Integrat~d' .bluestem (Andropogon ,gerardii Vitman), 
approaches tx:c:ause It 15 ~entia1lhat ~1f~ indiangrass [So(ghastrum nutans (L.) 
a~le plant s~es. rnther ~ another mn· Nash). and swiIChgrass (Panicum. virga­
Slve .plant sPCC"7' fill the ruche .v~ by rwn L.). were established on leafy spurge. 
l~C controlled Invader_ ,Herbicides ~nd infested rangeland and incren"Sed herbage 
hllagc wcr~ uS,cd, to su~press, dalmatian yields by more than 40% and reduced 
loadflax (Linarla dalmauca Mill.) and SL leafy spurge density nnd yield (Masters 
10hnswon (Gates: a~d Robocker lQ60), and Nissen 1998). The si~ were tre;llc.d 
chealg.rass .(Eckcn llIld Evans et at 196~), with imazapyr and SulfOmeturoD in the fall 
and medusahead (young .1 al. 1969) ID and burned the following spring befoie 
early att.mpts to prepare degraded rnngo- ta1lgrasses were planted into the berbicide­
land sites for revegetation with cool-sea:- suppresSed sod without tillage" 
son grnsscs, Recent rangeland improvement research 

Approac:jles that include herbicide appli- . demonstrated an integrated weed manage. 
cation Dod e'stablishing mODoculture .,' 
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ment strategy~ which suppressedJeaiY- ' teet the site at ~ minimum." This concept 
spurge an~ associated vegetation and faci1.- recognizes that plant community succes­
itated planting and establishment of stands sion for a given. site can progress along 
of mix.ture of native wann-seaSon grass multiple tiajectories and result in different 
and iegume species (M8sters et aL 20(1). ·outcomeS: FactorS that influen"" these. out­
These . multi-species 'assemblages may comes include past ~anagement, .plant and 
more fully use resourees on degraded animal dispersal from adjacent areas, c1i­
rangeland and preempt resource use by matico conditions~ disturbance regimes 
less desirable species~ including: leafy (past. present. and future). and species 
spurge. The strategy consisted ofheIbicide selected for revegetation projects. The' 
application, burning. the herbaceous stand- deSired plant community concept is con­
ing Crop. and, planting mixtures o( native sistent with prevailing state and transition 
species without tillage. Glyphosate.and (Westoby et a!. 1"989) and threshold 
imazap.ic were ·the hCIbicideS selected to (t.aycock 1991, Friedel (991) inOdels of 
suppress . existing resident vegetation. vegetation change. 'These non..equilibrium 
while not interfering with establishment of' . models of succession have superceded the 
species in the planted mixtures . unidirectional Clementsian climax com­
Glyphosate controlled cool--season grasses munity model (Clements 19·16, Weaver 
that were growing at the time of applica- . and Clements (938). 

. a trajectory rhar. is driven by both naturally 
occurring and human-induced proces..~ A 
genemlized model describes the process of 
managing suCcession by acting various man­
agemer,t tools in appropriate sequences and 
combinations to achieve a desired grassland 
community structure (Fig. 2) (Masters and 
Nissen 1998). 

tion. b~t provided no residual weed con- .... The d~siret;t plant community is an 
trol. lmazapic pmvided residual control oV appealing concept for rangeland mimage­
leafy spurge and annual grass n1'ld ment because it empowers land managers 
broadleaf.plants and was tolerated -- by a to design 'n plant 'community that meerS 
number of warm-season grasses (Rivas-' management objectives. In' the context of 
Pantoja et a1. 1997. Beran et a1. 2000), invasive plant managemen4 resistance ' to 
forb!i (Beran et al. 1999a) and legumes alien pla~t invasio'n would he a key criteri­
(Ber.ln et at 1999b). on considered when designing a desired 

InvaSIve Plant Management 
Systems· as a Component of 

. Rangeland Resource Management 
To be successful, invasive plant man­

agement progrnms mu!;t be compatible 
with and integruted into overall rangeland 
resource management .objectives · and 
plans. ' Effective invasive plant manage­
ment programs cannot be developed with­
out considering other management compo­
nents that impinge upon the rangeland 
resource. Integrating all components with­
in ' the rangeland resource management 
progmm is essential because interactions 
among the components determine the ec0-

nomic and ecological sustainability of the 
progmm. For example. altering grazing 
management or fire regimes impact site 
invasibility since the invasion process ca..D 
be influeneed by disturbance. . 

What is the appropriate ·goal when 
developing rangeland resource manage­
ment. programs? The '''desired plant com­
munity" could serve a~ the goal for range:­
land resource munagcmcnl. TIle clc ... ircd 
plant community concept originated with 
the USDI-Bureau of Land Martagement 
anil ·was defined.by the Society for Range 
M8nag~ment. Task Group on ·Unity in 
Concept< and Terminology (1995) as, "of 
the several plilnt communities that may 
occupy a site. the one that has been identi­
fied through a management plan to best 
meet 'We plan'·s objectives for the site. It 
(the desired plant community) must pro-

plant community. Obtaining the desired 
'plant community involves managing suc­
cession, which requires knowledge of the 
3 general causes bf succession: site avail­
ability; differential spe.cies availability; 
and species perfonnance (Table 1) (pickett 
et al ; 1987. Luken 1990). Within the limi t .. 
of knowledge about the conditions, mech­
anisms, and proce~ses controlling plant 
community dynamics, these 3 components 
can be m9dified to manage succession by 
using designed disturbance.. controlled col­
onization. and controlled species perfor­
mance (pickett et at 1987). Designed dis­
rorbances inc1ude activities that create or . 
eliminate site availability and control suc­
cession such as tHlage or herbicide sup-. 
pression of sod. In successional manage~ 
I"flent. designed disturbances are used to 
a1ter successional trajectories and to mini­
mize continual reliance on external inputs. 
Controlled colonization is the intentional 

. alteration of availability and establishment 
of plant species by influencing seed baflks, 
vegetative propagule pools, and regulation 
of snfe sites 'for germination and establish­
ment· of dc.'\irnble species. Inva.'\ivc plnnt 

. seed banks can be depl~ted through atlri~ 

tion if seed production is prevented or 
reduced. Controlled spedes performance 
involves manipulating growth and repro­
duction of plant· species to redirect succes­
sion. Biological and chemical weed contrOl, 
grazing. mowing. fertilization; and planting 
competitive speci.es can create difTc.n:ntial 
species- peIformance. Management of suc­
cession is an ongoing process moving along 
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The restoration ecology discipline pro­
vides g0:11s to consider when developing 
and implementing strntegies to manipulate 
community succession to 'meet manage­
ment objectives. Restoration has been dis­
tinguished from or referred to interchan~e­
ably with rehabilitation. reclamation. 
reconstruction. renovation. 8,f1d othe.r 
tenns (Whisenant (999). The Society for 
&olo·gical Restoration (1994) defined 
res toration as the pioces!; C?f repairing 
damage caused by humans to the diversity 
and dynamics of indigenous ecosystems • . 
and Jackson et al. (1995) provide funher 
elaborati.on of the definition. Hobbs and 
Norton (1996) suggest a broader defini­
tio·n. with restoration occurring along a 
continuum from rebuilding total ly devas­
tated $itcs to maintaining pristine sites 
w ith limitcd management. They indicate 
that restoration should be applied at the 
landscape scale and the goal should .be to 
return degraded ecosystems to conditions 
that meet con!iervation and production 
objectives in 'a sustainable manner_ 

Decision Support Systems 
Invasive plant management 'is complex, 

thus al1 applicable infonnation shou Id be 
synthesized and presented in a way that is 
useful to m-anagers. Decision support sys­
te~s offer :10 approach to improve deci­
sion making when ~omplex i~teractions 

arc involved (Stuth and Smith 1993) . 
Ex.pert sy!items. a form pf decision support 
systems, can improve decision making by 
us ing knowledge. and experience of 
experts to provide users a means to a5!Oess 
alternative management outcomes based 
on specific information about the situation 
(Barrett and Jones 1989). Many decision 
support systems Use tteuristic ("nile of 
thumb") approaches to problem-solving 
that blend hard data with semi-structured 
procedure.o; an.d expertise to provide infor­
mOil ion n..-quircd to clcfine a prohlem nnd 
possible sOlutions (Scifre.< 1987,Stuih and 
Smith (993). The integrated brush man­
agement system concept developed by 
Scifres et al. (1983) ·provides a system to· 
evalu:1te integrated mnn:1gement with mul­
tiple objectives arid components. These 
models could be of great benefit in devel­
oping decision support syst~ms for inva­
sive plant management programs. 
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Conclusion 

invasive plants can have adv~ effects 
on rangeland and p~ture ecosystem~ by 
disrupting ecosystem processes and reduc~ 
iug their capacity to recover after disrur­
hance. Disturbance is an imIX'rtarit factor 
affecting community strUcture and dynam­
ics, and facilitates a lien plan~ invasion. 
Managing invasive plants requires manip­
ulatin'g disturbance regimes to filvor desir­
able species. Various technologies are 
available for managing invasive plan~. 
but acceptable long-tenn control will only 
be nchieved when integrated weed man­
agement programs are integrated inw 
rangeland reso.urce management plans, 
Integrated weed management provides a 
contex.t for managing pests thdt focuses on 
ecosystem processes and not on particular 
plant species or control practices. The 
Bdvantilges and disadvantages of weed 
control tools will vary according to the 
invaSive plaitt and invaded site chilIacter­
istics. The rnerits of each control measure 
and ' the potential ' for complementary or 
synergist ic interactions when applying 
measures in appropriate sequences and 
combinations should be considered when 
developing integrated weed management 
progrilms. The· teason~ for the arrival, 
estabiish ment; and spread of invasive 
plants must be understood before sus­
Lained progress can be made toward con­
lrolling t)1e plant and improving ninge,l~d 
<Il\d pasture ecosystems. Simply removrng 
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