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Abstract. The importance of species richness for repelling exotic plant invasions varies
from ecosystem to ecosystem. Thus, in order to prioritize conservation objectives, it is critical
to identify those ecosystems where decreasing richness will most greatly magnify invasion
risks. Our goal was to determine if invasion risks greatly increase in response to common
reductions in grassland species richness. We imposed treatments that mimic management-
induced reductions in grassland species richness (i.e., removal of shallow- and/or deep-rooted
forbs and/or grasses and/or cryptogam layers). Then we introduced and monitored the
performance of a notorious invasive species (i.e., Centaurea maculosa). We found that, on a
per-gram-of-biomass basis, each resident plant group similarly suppressed invader growth.
Hence, with respect to preventing C. maculosa invasions, maintaining overall productivity is
probably more important than maintaining the productivity of particular plant groups or
species. But at the sites we studied, all plant groups may be needed to maintain overall
productivity because removing forbs decreased overall productivity in two of three years.
Alternatively, removing forbs increased productivity in another year, and this led us to posit
that removing forbs may inflate the temporal productivity variance as opposed to greatly
affecting time-averaged productivity. In either case, overall productivity responses to single
plant group removals were inconsistent and fairly modest, and only when all plant groups
were removed did C. maculosa growth increase substantially over a no-removal treatment. As
such, it seems that intense disturbances (e.g., prolonged drought, overgrazing) that deplete
multiple plant groups may often be a prerequisite for C. maculosa invasion.

Key words: Bayesian; biodiversity; Centaurea maculosa; forbs; grasses; invasibility; invasion
resistance; local extinction; spotted knapweed.

INTRODUCTION

Human activity is reducing biodiversity throughout

the globe (Pimme et al. 1995, Vitousek et al. 1997).

There is concern that species-deprived ecosystems will

have greater resource availabilities and exotic species

could use the surplus resources to invade (Davis et al.

2000, Lyons and Schwartz 2001). Consequently, diver-

sity–invasibility relationships have become intensely

studied.

To date, diversity–invasibility studies have focused

almost exclusively on testing and refining theory (e.g.,

Tilman 1997, Kennedy et al. 2002, Milbau et al. 2003,

Fargione and Tilman 2005), while invader responses to

real-world, human-induced, species losses have gone

largely unstudied. The theory-oriented studies have and

will continue to provide crucial insight. However, the

studies have been somewhat artificial with respect to

real-world extinction events. Specifically, random ex-

tinctions have been the focus (e.g., Fargione and Tilman

2005, Milbau et al. 2005), whereas real-world extinctions

are nonrandom because particular stressors affect some

plant groups differently than others (Huston et al. 1998,

Duncan and Young 2000). This and other abstractions

will matter less as the data coalesce into general

invasibility theory; truly general theory will predict

invader responses to random and nonrandom extinc-

tions alike. But diversity-invasibility relationships have

proven highly idiosyncratic (e.g., Prieur-Richard et al.

2000 vs. Eriksson et al. 2006) and the experimental data

have proven difficult to interpret (Huston 1997, Wardle

2001). Consequently, general theory has been slow to

develop. Moreover, particular species or functional

groups can be indispensable drivers of ecosystem

processes (such as invasion resistance) in some environ-

ments while being much less important elsewhere

(Wardle and Zackrisson 2005). And this complicates

efforts to predict if, when, and where local species losses

will magnify invasion risks.
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Given the uncertainty surrounding invader responses

to local extinctions, it seems to us some extinction

scenarios could profit from direct empirical investiga-

tions. The first step in these investigations would entail

asking ‘‘which groups of species are being lost?’’ Then

studies could be designed to characterize invader

responses to these losses. This paper illustrates such an

approach. We feel this pragmatic approach may become

critical for setting conservation priorities, especially in

habitats where invasions are clearly eminent and local

species losses are commonplace. One such habitat is the

focus of our study; i.e., the Idaho fescue/bluebunch

wheatgrass (Festuca idahoensis/Agropyron spicatum

[Pseudoroegneria spicata (Pursh) A. Löve]) habitat type

of the western United States (Mueggler and Stewart

1980). This conservation-critical, intermountain habitat

type is widely distributed throughout the west, and

many former bunchgrass sites are already dominated by

Eurasian plants, such as sulfur cinquefoil (Potentilla

recta L.) and spotted knapweed (Centaurea maculosa

Lam.) (Sheley and Petroff 1999).

In addition to being threatened by invasion, manage-

ment practices in western bunchgrass habitats some-

times deplete or remove three groups of species; i.e.,

grasses, forbs, and cryptogamous plants. Overgrazing by

cattle is the principle cause of grass depletions (Mack

and Thompson 1982, O’Connor 1991), while native

forbs are sometimes herbicide treated to increase grass

forage production or curb livestock poisonings by

species like tall larkspur (Delphinium glaucum S. Wars.)

(Ralphs et al. 1990). In addition to being purposely

targeted, native forbs also serve as collateral targets

when invasive weeds or sagebrushes (Artemesia spp.)

and other shrubs are sprayed to increase grass forage

production (e.g., McDaniel et al. 2005); i.e., invasive

weed and shrub herbicides kill native forbs. Finally,

cryptogam layers comprised of spikemosses and other

non-vascular plants are a prevalent feature of western

bunchgrass habitats. Livestock trampling can destroy

these crusts (Warren and Eldridge 2003), and the belief

that soil crusts lower forage production has generated

interest in mechanically removing them (Kulshreshtha et

al. 2002).

We imposed plant group removal treatments (removal

of grasses, forbs, or cryptogam layers) that mimic plant

group losses/depletions common to bunchgrass habitats.

Then we introduced seeds of a notoriously invasive

species (Centaurea maculosa Lam.). We collected data

on invader growth and resident community biomass and

used these data to answer questions about roles of

resident plant groups in preventing C. maculosa

invasions. In another paper, the questions pertained to

C. maculosa seedling establishment (Pokorny et al.

2005), while the current paper focuses on post-estab-

lishment growth.

One of our objectives was to assess effects on resident

biomass production of removing resident plant groups.

Our other objective was to estimate per-gram-of-

biomass competitive effects of resident plant groups on

C. maculosa growth. Several studies have reported that
each neighbor species affected the target species

similarly on a per-gram basis (Goldberg 1987, Miller
and Werner 1987, Peart 1989). If resident plant groups

(neighbors) affect C. maculosa (target) similarly on a
per-gram basis, and if the per-gram effects of multiple

plant groups do not interact synergistically, then this
would suggest overall productivity is what matters most
for repelling invasions. In this case, high richness will

discourage C. maculosa invasion only when it leads to
increased productivity. In contrast with this view is a

recent study where invader growth was negatively
related to species richness even after productivity

patterns were controlled for (Fargione and Tilman
2005), and this study suggests increased productivity is

but one of multiple mechanisms by which diversity can
discourage invasion. From the standpoint of our

investigation, if per-gram effects of resident plant groups
are similar and do not interact, we will conclude overall

resident vegetation productivity is a good indicator of
invasibility. In this case, we will conclude that plant

group removals that reduce productivity will apprecia-
bly magnify invasion risks. On the other hand, if some

plant groups turn out to be atypically strong per-gram
competitors, then biomass production alone may be a

poor indicator of invasion risks. In this case, it may be
important to prioritize conserving the strong per-gram
competitors (sensu Power et al. 1996), even if their

absence does not reduce overall productivity.

METHODS

Sites

An earlier study using the same field plots evaluated

C. maculosa establishment (Pokorny et al. 2005), while
our study investigated post-establishment growth. Our

research sites and experimental design are described in
detail (Pokorny et al. 2005), so we reiterate just those

aspects of relevance to the current study. The research
was conducted on two sites in southeastern Montana,

USA. The sites were slightly less the 1.0 km apart but
differed somewhat in plant composition and soil

chemistry. Prior to our study, C. maculosa was quite
rare at both sites (,1% cover).

Experimental design

Plant group removal treatments were arranged in a

randomized complete block design with four replica-
tions at each site. A factorial arrangement of treatments

(7 removal treatments 3 2 C. maculosa treatments) was
applied to 2 3 2 m plots. The removal treatments were

designed to simulate local extinctions/depletions com-
mon to bunchgrass habitats. We removed (1) nothing;

(2) cryptogam layers (seven species); (3) shallow-rooted
forbs (17 species); (4) deep-rooted forbs (22 species); (5)

all forbs (39 species); (6) all grasses (14 species); and (7)
all plants (60 species). The invader treatments were C.

maculosa (1) not seeded; and (2) seeded. Separate
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treatments for deep- and shallow-rooted forbs were

included because rooting depth partially determines forb

responses to drought (Weaver et al. 1935, Skinner et al.

2004). Forb species with roots never or only rarely

extended below 15 cm into the soil were assigned to the

shallow-rooted category. Rooting depths were deter-

mined by excavating plants adjacent to the research

sites.

Except for cryptogam layers, which were removed by

hand pulling, plants were removed with a glyphosate (N-

[phosphonomethyl] glycine) solution, which was

brushed onto plants early in the 2000 growing season.

C. maculosa seeds (8000 per plot) were sown after plant

growth ceased in fall 2000. This was the only seed input;

seed heads were removed from plants prior to seed rain

to prevent C. maculosa from spreading from the study

areas.

Sampling

Vegetation data were collected in 2001, 2003, and

2004. To account for possible between-species differ-

ences in growth and senescence times (Pokorny et al.

2004), biomass samples were gathered during three

sampling periods within each year. Plots were divided

into three equally sized subplots and early June, July,

and August sampling periods were randomly assigned to

the subplots. During each sampling period, vegetation

(except cryptogam layers) was clipped at soil level from

three 20 3 50 cm frames placed at random within

subplots. Plant material was separated into C. maculosa,

grass, shallow-rooted forb, and deep-rooted forb com-

ponents. Components were dried (408C, 160 h) and

weighed.

Analysis

In estimating per-gram competitive effects of resident

plant groups on C. maculosa growth, our response

variable was C. maculosa mass per plant. Average

masses per plant for each plot were calculated by

averaging masses over the three sampling periods within

each year. We based our analysis on 2003 and 2004 plant

mass data; 2001 masses were not analyzed because all C.

maculosa plants were still very small at the end of their

first growing season (,1.0 g per plant; Pokorny et al.

2005). (An exception to this was the completely

devegetated plots, where average individual masses

exceeded 3.0 g per plant in some plots.) We restricted

our plant mass analysis to plots where nine or more C.

maculosa individuals established. This provided more

reliable plant mass data by ensuring the expected

number of weighed individuals exceeded 2.0 per plot.

The numbers of plots per treatment with nine or more

plants were: 0, remove nothing; 0, remove cryptogam

layers; 3, remove shallow-rooted forbs; 5, remove deep-

rooted forbs; 6, remove grasses; 8, remove all forbs; and

8, remove everything. In modeling individual C.

maculosa plant masses, we evaluated explanatory

variables describing sites, replications, years, 2001 C.

maculosa mass per plant, biomass of shallow-rooted

forbs, deep-rooted forbs, and grasses, and interaction

terms. Terms describing cryptogam layer effects were

omitted because C. maculosa establishment was ex-

tremely low when only cryptogam layers were removed

(Pokorny et al. 2005).

In evaluating effects of plant removals on resident

community biomass production, we used data from

2001, 2003, and 2004. Per-plot biomasses were estimated

as resident plant masses (cryptogamous plants excluded)

summed over the three sampling periods within a year.

Plots were included in the community biomass analysis

if C. maculosa was not sown, or if it made up ,2% of the

biomass. Prior to including plots where C. maculosa was

sown but did not appreciably establish, we verified (via

scatterplots) that resident biomass patterns did not

explain the establishment failures. In modeling resident

community biomass, we evaluated predictor variables

representing sites, replications, years, removal treat-

ments, and interactions.

C. maculosa plant mass and community biomass

datasets were analyzed with univariate and multivariate

normal linear regression models. We used a model

selection criterion (i.e., Bayes factor) to determine

whether univariate or multivariate models best described

our datasets (Kass and Raftery 1995). In addition to

aiding decisions regarding univariate and multivariate

models, Bayes factors also helped identify predictor

variables lacking explanatory power. This enabled us to

eliminate unnecessary variables and develop parsimoni-

ous models.

Community biomass data were best described by a

multivariate model. With this model, we considered each

year’s data to be a separate response; i.e., each year’s

response data constituted one dimension of a multivar-

iate response. In addition, the multivariate model had

separate (but potentially correlated) regression coeffi-

cients for each combination of predictor variable and

year. The model can be expressed as

Cijkm ¼ li þ Lij þ bik þ eijkm ð1Þ

where Cijkm is non-cryptogam community biomass for

year i realized at site j for treatment k and plot m, li is
the overall mean for year i, Lij is the site j effect in year i,

bik is the removal treatment k effect in year i, and eijkm is

random error.

The multivariate model included a residual (co)vari-

ance matrix describing variation within years and

covariation among years. It was assumed that

e ¼ ðe 02001; e
0
2003; e

0
2004Þ

0
; Nð0; I� RÞ ð2Þ

where e terms within brackets represent random error

vectors subscripted by the years of data collection, R is a

3 3 3 residual (co)variance matrix, and I is the identity

matrix.

A univariate model was the best descriptor of spotted

knapweed plant mass data:
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lnðKijÞ ¼ lþ Ti þ Lj þ bsX1ij þ bdX2ij þ bgX3ij þ eij ð3Þ

where l is mean C. maculosa plant mass over the entire

study, Ti is the year i effect, Lj is the site j effect and bs,
bd, and bg are biomass effects of shallow- and deep-

rooted forbs and grasses, respectively. There is no

cryptogam layer term because cryptogam-removal plots

had low C. maculosa establishment and were therefore

excluded from our analysis. The natural logarithm

transformation helped validate the normality assump-

tion. Unlike the multivariate model, Eq. 3 does not

contain separate regression coefficients for each year of

data collection. Thus the T terms are included to help

account for potential serial correlations among annually

repeated measurements. Also, we speculated that the

level of residual variation might differ among years, so

we estimated separate residual variances for each year of

data collection.

We used nonhierarchical Bayesian methods to fit our

models, so assigning prior distributions to the regression

coefficients, variances, and covariances was a necessary

step in our analysis. In all cases, commonly used

noninformative priors were used (Gelman et al. 2004).

In order to investigate the effect of prior distributions on

the final results, a sensitivity analysis was conducted

where several different non-informative priors were

assumed for the model parameters. The sensitivity

analysis showed that the choice of noninformative prior

distributions affected our results only slightly. The non-

informative prior distributions we used provided pa-

rameter estimates similar to those that would be

obtained with classical statistical procedures. However,

there is a difference between the interpretations of

classical and Bayesian parameter estimates. In contrast

to the complicated interpretation of a classical 95%

confidence interval, the 95% Bayesian credibility inter-

vals we present are interpreted simply as having a 95%

chance of containing the true parameter value.

All inferences were based on the joint posterior

distributions of regression coefficients and dispersion

parameters. If the 95% Bayesian credibility intervals on

compared parameters did not overlap, we concluded

that the parameters differed. Markov Chain Monte

Carlo integration (i.e., Gibbs sampler) was used to

simulate the posterior distributions. Given our assump-

tions about the data distributions (i.e., that they were

normal) and the prior distributions, the conditional

distributions needed for carrying out the integrations

were in close form. The position parameters (regression

coefficients) were normal, while the dispersion parame-

ters (residual variances and R) were inverse chi-square in

the univariate case and inverse Wishart in the multivar-

iate case (Gelman et al. 2004). To simulate posterior

distributions, sample statistics were assigned as starting

values and then the parameter values were repeatedly

updated by drawing sequentially from the conditional

posterior distributions of regression coefficients and

dispersion parameters. A Markov chain consisting of

200 000 draws for each parameter was constructed and

the first 100 000 draws were discarded as burn-in. To

ensure convergence was achieved, we constructed a

second chain and compared the resulting parameter

estimates to those acquired from the first chain. All

computations were performed using a FORTRAN 6.6.a

(Compaq Computer Corporation, Houston, Texas,

USA) program developed by the first author.

RESULTS

Effect of plant removals on resident community

biomass production

We attempted to guard against between-plant group

differences in growth and senescence times by sampling

biomass at three time points within growing seasons.

Proportionally, biomasses of shallow- and deep-rooted

forbs and grasses turned out to be very consistent across

the sampling periods (data not shown), so multiple

samplings were probably unnecessary.

The b coefficients of Eq. 1 describe effects of plant

group removals on community biomass. More specifi-

cally, these coefficients represent mean biomasses over

all plots receiving the same treatment. Fig. 1 summarizes

these means and the statistical differences between them.

In 2001, plots with all forbs removed yielded lowest.

Plots with no forbs produced more biomass than the

other plots in 2003. In 2004, plots with only deep-rooted

forbs removed yielded lower than no-removal plots.

Removal effects on biomass production were consistent

across site, as is indicated by the lack of interaction

terms in Eq. 1.

Effect of community biomass production

on C. maculosa growth

Fig. 2 shows mean C. maculosa densities and plant

masses over time by treatment. The no-removal and

cryptogam-removal treatments are omitted from Fig. 2

due to poor establishment; only one individual was

present in a no-removal plot at the end of the study,

while cryptogam-removal plots contained a total of six

individuals.

Terms describing site interactions are absent from Eq.

3 because these terms did not improve model perfor-

mance. This suggests competitive effects of native plant

groups on C. maculosa growth did not vary between the

study sites. Terms describing interactive effects between

plant groups are also omitted. This implies that the

effect of a given plant group on C. maculosa growth was

independent of the abundances of the other plant

groups. The b coefficients of Eq. 3 have intuitive

interpretations. Specifically, these coefficients represent

percent changes in C. maculosa plant masses resulting

from 1.0 g/m2 changes in resident plant group biomass

production. The 95% Bayesian credibility intervals on

bs, bd, and bg greatly overlap, indicating shallow- and

deep-rooted forbs and grasses suppress C. maculosa

growth similarly on a per-gram basis (Fig. 3).
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DISCUSSION

Effects of resident plant groups on

C. maculosa seedling establishment

An earlier study of our same field plots evaluated C.

maculosa seedling responses to grass, forb, and crypto-

gam layer removals (Pokorny et al. 2005). It was found

that seedling establishment increased when forbs were

absent (Fig. 2), which suggests forbs are particularly

important for preventing C. maculosa invasion. Remov-

ing forbs reduced overall productivity during the period

when C. maculosa seedlings were establishing (2001

data, Fig. 1), which suggests increased productivity (i.e.,

resource use) as the mechanism by which forbs

discouraged establishment. Growing season precipita-

tion during 2001 provides further evidence that forbs are

important for maintaining productivity and preventing

invader establishment. Proportionally, forbs sometimes

produce more biomass in dry years (Briggs and Knapp

1995), and the 2001 growing season was quite dry (540

mm from 1 April through 31 July) in comparison to the

other years of our study (;200 mm in 2003 and 2004).

Thus, productivity may have been lowest in forb-

removal plots in 2001 because 2001 was dry. However,

we hasten to add that the pattern of lower productivity

and increased C. maculosa establishment in the absence

of forbs has a second interpretation. Specifically, this

pattern could have been caused by large plant commu-

nity gaps; i.e., gaps caused by forb removals. More

specifically, C. maculosa sowing may have occurred

before resident plants fully equilibrated to forb remov-

als. And if the plants lacked time to ‘‘fill in’’ after forb

removals, then the increased C. maculosa establishment

we witnessed could be an experimental artifact. So our

data are inconclusive about the role of forbs in

preventing C. maculosa establishment. On the other

hand, our data are conclusive in showing that intact

bunchgrass communities can be highly resistant to

invader establishment (Fig. 2), and this suggests past

invasions may be a response to management or

prolonged drought that depleted one or more plant

groups.

Effects of resident plant groups on C. maculosa growth

While our data are not ideally suited for studying C.

maculosa establishment, they are well suited for studying

post-establishment growth. And the post-establishment

growth phase is critical to C. maculosa population

viability; a demographic study has highlighted the

importance of young plant (i.e., rosette) growth and

survival to C. maculosa invasion dynamics (Jacobs and

Sheley 1998). In our study, shallow- and deep-rooted

forbs and grasses affected C. maculosa growth similarly

on a per-gram basis, and the per-gram effect of any one

group was unaffected by the biomass production of

other groups; i.e., there were no significant interactions.

This implies that the numbers of species within the forb

and grass groups were large enough that diversity effects

saturated. Ours is not the first study to suggest a

saturating relationship between diversity and invader

performances (e.g., Naeem et al. 2000, Milbau et al.

FIG. 1. Mean biomass production in plots with resident plant groups removed. Numbers above bars signify statistically
significant differences (P , 0.05) between years (e.g., a 2004 bar topped with 1 and 3 is different than 2001 and 2003). Within a
given year, bars topped with n are different than bars with no removal.
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2005). And it is not particularly surprising that the

saturation level is sometimes reached in plant assem-

blages comprised exclusively of forbs or grasses. Forb

and grass groupings can be poor predictors of functional

attributes (Wright et al. 2006); i.e., at a given species

richness level, groups comprised of forbs or grasses can

be as functionally diverse as groups comprised of forbs

and grasses.

Effects of resident plant group removals

on productivity and invasion risks

Given that our study’s per-gram competitive effects

did not differ appreciably among plant groups, we

conclude that maintaining the number of grams of

biomass produced (i.e., productivity) is what matters

most for repelling C. maculosa invasions. And it is

overall productivity that matters, not the productivity of

particular plant groups. However, all plant groups may

be needed to maintain overall productivity. For

instance, in 2001, plots with deep-rooted forbs removed

yielded lower than plots containing all plant groups

(Fig. 1). This lower yield could reflect sampling effects

(Huston 1997, Wardle 2001) or niche partitioning

between forbs and grasses (Tilman et al. 2001, Hector

et al. 2002), or as mentioned above, it could simply be an

experimental artifact resulting from plants lacking

sufficient time to equilibrate to 2000 plant removals.

The 2004 data provide stronger evidence that deep-

rooted forbs are important contributors to overall

productivity; plots with deep-rooted forbs removed

yielded lower than intact plots in this year (Fig. 1).

But it is peculiar that plots with both deep- and shallow-

rooted forbs removed did not under-yield intact plots in

2004. That productivity was reduced by removing a

portion of the forbs but not all the forbs was

unexpected. We refrain from offering an explanation

for this result because several plausible explanations

exist, and our data do not convincingly refute or

corroborate any of them.

FIG. 2. (A) Mean Centaurea maculosa densities and (B) individual plant masses resulting from plant group removal treatments
during the period 2001–2004.
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In contrast to 2001 and 2004, removing forbs

increased productivity in 2003, and this certainly

tempers our conclusion that forbs are critical for

maintaining productivity (Fig. 1). In fact, this finding

opens up the possibility that, averaged over many years,

the grassland we studied is more productive without

forbs. To us, this seems unlikely, in part because it goes

against an existing body of theory and empiricism

(Naeem et al. 1996, Tilman et al. 2001, Hector et al.

2002). Instead, it seems more likely that removing forbs

inflated the temporal productivity variance (i.e., pro-

ductivity variance calculated over many years) as

opposed to inflating the temporal productivity mean

(i.e., time-averaged productivity). The idea that remov-

ing plant groups increases productivity variation enjoys

strong empirical support (Tilman et al. 2006).

And how might C. maculosa respond to the increased

productivity variation that results from removing forbs?

Inflated productivity variation implies an increased

incidence and magnitude of low-productivity years, with

the low-productivity years being a consequence of fewer

resource users (i.e., forbs), not fewer resources. At a

given resource supply rate, fewer resource users will lead

to increased resource availabilities, and it is widely held

that increased resource availabilities will encourage

invasions (Davis et al. 2000, Davis and Pelsor 2001).

Thus, invasion risks probably increase after forbs are

removed because resource availabilities become unchar-

acteristically high, particularly in years where grass

growth does not compensate for the absence of forbs.

Yet, removing forbs only mildly impacted productiv-

ity in our study (Fig. 1), and at a glance, this seems to

imply forbs play but a minor role in maintaining

productivity and resisting invasions at the sites we

studied. However, it may be that forbs are particularly

important in poor grass years, and our sample of years

did not include excessively poor grass years. The notion

that some years are poor for grasses but good for forbs

surpasses mere conjecture. For instance, if overstocking

of cattle in a given year results in overgrazing of grasses,

then grass production may be reduced but forb

production might be unaffected (Pavlů et al. 2006), or

forbs may even increase. Livestock were excluded from

our study area, so our sample of years purposely

excluded intense grazing years. And livestock grazing

is not the only disturbance that differentially affects

forbs and grasses; others include grasshopper outbreaks

(Burleson and Hewitt 1982, Hewitt and Onsager 1983),

and droughts (Briggs and Knapp 1995). Moreover,

deeply rooted forbs can be particularly important

contributors to overall biomass production and resource

use in drought years (Weaver et al. 1935, Skinner et al.

2004). In summary, our study was too short and too

limited in scope to characterize the role of forbs in

‘‘severe’’ years (i.e., years with intense grazing, drought

or other disturbances), and the severe years may be

when forbs are most important to overall productivity

and invasion resistance.

There is much concern that local extinctions may

promote exotic species invasions. Yet invader responses

to realistic, nonrandom extinctions remain largely

unstudied. Our investigation centered on species losses

that are quite common within the system we studied. We

feel this study yielded information of value to grassland

managers struggling to prevent exotic weed invasions.
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