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Private landowners and the 

facilitation of an invasive species 

By Michael G. Sorice , Kiandra Rajala , and David Toledo 

On the Ground 

• We explored private landowner perceptions about 
the invasive Kentucky bluegrass in the US north- 
ern Great Plains. 
• Landowner responses to a mail survey indicated 

little to no preventative action. 
• We also employed a scenario approach to as- 

sess landowner perceptions based on changes to 

ecosystem services. 
• Scenario results indicated that the early stage of 

invasion was considered slightly acceptable. At 
the late stage, when negative impacts are most 
severe for landowner livelihoods, bluegrass was 

rated as slightly unacceptable. 
• Cascading impacts will become more evident and 

incentivizing early action to prevent further inva- 
sion is key to maintaining these working land- 
scapes. 
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ntroduction 

Rangelands in the United States and globally are under 
onstant threat of transformation and degradation from novel 
nd invasive species that negatively impact the ecosystem 

ervices supporting agricultural livelihoods.1 Invasives can 
utcompete other species for resources, facilitate the spread 
f pests and diseases, and reduce the biodiversity that sup- 
orts many ecosystem functions.2 Effective management of 
nvasives is paramount for sustainable rangeland manage- 
ent, but is particularly complicated in regions where private 
andowners dominate the landscape. Heterogeneous manage- 
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ent goals, risk thresholds, attitudes, and land management 
references among landowners often result in inconsistent 
ooperation that undermines efforts to achieve desired out- 
omes at large spatial scales.3 We explored the prospect that 
andowners will effectively manage Kentucky bluegrass ( Poa 
ratensis L.) on their land in the northern Great Plains of 
orth Dakota; a landscape where over 90% of the land is pri-
ately owned and landowners are highly dependent on ranch- 
ng and farming ( Fig. 1 ).4 , 5 

For invasive species like Kentucky bluegrass, ecological re- 
earch is paramount in tracking its spread, identifying ecolog- 
cal effects, anticipating cascading consequences for livestock 
perations, and evaluating the effectiveness of interventions.
he perennial Kentucky bluegrass can be characterized as an 
nsidious invasive species of the predominantly cool-season 
rasses of the northern Great Plains. Recent estimates sug- 
est that Kentucky bluegrass is expanding both in terms of 
he acres on which it is present and its dominance in plant
ommunities where it is found.6 , 7 There is scientific agree- 
ent that the net ecological impacts of Kentucky bluegrass 
xpansion are negative, yet uncertainty continues to exist re- 
arding the specific impacts to key ecological processes and 
ervices, and the implications for agricultural operations and 
ivelihoods.6–8 

Social science research fundamentally contributes to an 
nderstanding of the capacity to respond and adapt to invasive 
pecies through formal and informal interventions including 
olicy and outreach. Underlying these interventions are the 
erceptions of landowners that motivate them to take action 
gainst the invader. A key question during the spread of an 
nvasive species is how landowners intend to respond in the 
idst of active expansion in a region. Because of the domi- 
ance of private lands in North Dakota, landowners ostensi- 
ly act as gatekeepers of the success of Kentucky bluegrass.
nderstanding what drives their responses to invasive grasses 
s key to developing effective interventions. 
To understand the social dynamics that relate to the con- 

inued spread of Kentucky bluegrass, we draw from and ex- 
and on research conducted by Rajala et al.10 focused on 
ow large-acreage private landowners across nine counties 
f North Dakota think about and evaluate the acceptability 
f Kentucky bluegrass. Our goal is to highlight the role of 
cenario-based social science research as a way to 1) identify 
ey drivers of landowner responses, 2) incorporate scientific 
ncertainty or system variability, and 3) account for a vari- 
ty of experiences by providing a richer context that allows 
345 
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Figure 1. As Kentucky bluegrass continues to spread in North Dakota and the northern Great Plains (A) it threatens rural livelihoods that depend 
on livestock (B). Bluegrass forms dense mats that displace warm season grasses and native forbs (C). Prescribed fire is an effective but not widely 
used tool for managing bluegrass (D). Source: 2018 National Resources Inventory Rangeland Resource Assessment Table 27. 9 Photos courtesy of 
D. Toledo 
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andowners to have a comparable baseline of understanding
f the issue. This can provide a stable foundation for devel-
ping and evaluating policy instruments and governance ap-
roaches that support both ecological integrity and landowner
rosperity. 

verview of study methods and survey 

espondents 

Our study area consisted of nine adjacent North Dakota
ounties that create an east-west transect of the state, from
46 
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ass County on the Minnesota border to Golden Valley
ounty on the Montana border.10 We sent a mail survey
o 1,219 randomly selected landowners who owned at least
04.7 hectares (1,000 acres) in the study area using five mail-
ng phases to encourage participation.11 We received a 32%
djusted survey response rate (n = 365) and the landowners
ho responded to our survey were overwhelmingly focused
n agricultural production as their livelihood. Most respon-
ents (76%) said their life is mostly or completely organized
round ranching or farming and 75% mentioned ranching
r farming as their primary occupation. The majority also
xpressed that their land completely represents their way of
Rangelands 
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Figure 2. Landowner judgements of acceptability of Kentucky blue- 
grass on their property (n = 233). 
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ife (59%), and that they mostly or completely rely on their 
and as part of their business (87%). In sum, our sample is 
ighly homogeneous in that it represents private landown- 
rs reliant on ranching and farming operations for their 
ivelihoods. 

andowner perspectives on Kentucky 

luegrass 

In one section of our survey, we asked landowners to tell us 
bout their experiences with perceptions of, and land manage- 
ent goals related to, Kentucky bluegrass on their land using a 
eries of Likert-type scales. We found that the species is not at 
he forefront of many landowners’ minds: 50% of respondents 
aid they did not have, or were unsure if they had, bluegrass on
heir property. Most of these landowners also indicated they 
ere not familiar with (24%) or only had a slight familiarity 
ith bluegrass (45%). With low perceived exposure and low 

amiliarity with Kentucky bluegrass, a large majority (80%) 
tated they have no goal for managing this species on their 
angeland. 
Almost all landowners (94%) who reported having blue- 
rass on their land indicated that they were moderately to ex- 
remely familiar with bluegrass. Despite this familiarity, only 
2% indicated that their goal was to decrease bluegrass. In- 
tead, a plurality of landowners with bluegrass-invaded grass- 
ands (41%) indicated that they have no goal for bluegrass 
nd 25% indicated they intend to maintain what they cur- 
ently have. Digging deeper, landowners with a goal to de- 
rease bluegrass self-reported an average of 13% more Ken- 
ucky bluegrass on their land than landowners with no goal 
95% confidence interval: 2-24%; ANOVA: F (2,119) = 2.92,
 = 0.06, η2 = 0.05; Kruskal-Wallis: X 

2 
(2) = 7.127, p = 0.03,

2 = 0.03). 
Knowing how a landowner judges the acceptability of an 

nvasive is a useful indicator of their likely management re- 
ponse.10 , 12 Overall, landowners were decidedly ambivalent 
hen it comes to Kentucky bluegrass ( Fig. 2 ). Just over half
ated it as neither acceptable nor unacceptable (Mean 4.0;
D = 1.3; Median = 4). 
Figure 3. An example scenario presented 
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sing scenarios to understand the 

cceptability of Kentucky bluegrass 

With an invasive species that may have substantial negative 
mpacts for the land and a landowner’s operation, a key ques- 
ion of interest is how social science can capture landowner re- 
ponses when landowners differ in their familiarity and expo- 
ure to the invasion. Anticipatory research proves difficult in a 
ontext where a substantial proportion of the stakeholders are 
naware of or currently unaffected by the issue. In cases such 
s these, scenario-based approaches are useful because they 
rovide the respondent a context in which to make their deci- 
ions. Specifically, scenarios provide respondents with a holis- 
ic depiction of outcomes associated with an invasive species 
ike Kentucky bluegrass. This description of outcomes is well- 
uited to a wide range of landowner experiences and knowl- 
dge levels because the scenarios orient landowners to the 
ame set of information. Below, we briefly describe the fac- 
orial vignette survey experiment employed in the survey de- 
ailed in Rajala et al.10 to gain insights into the drivers of en-
agement (or lack thereof ) in bluegrass control efforts. 
Factorial vignette survey experiments have respondents 

valuate a series of potential outcomes presented as a narrative 
alled a vignette.13 , 14 In our survey, we provided landowners 
ith vignettes describing how a new grass species expanding 
n native rangeland would affect multiple ecosystem services.
t is notable that, although we modeled it after Kentucky blue- 
to landowners in vignette experiment. 

347 
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rass, we labeled it as a new, unnamed species. Doing so pre-
ents landowners from judging the species based on precon-
eived notions about bluegrass and provides the researchers
ith appropriate latitude in defining the range species im-
acts. 
Vignette experiments provide a number of advantages

ompared with single-item or lists of direct questions com-
only used in surveys.13 Because vignettes are based on a
ultidimensional experimental design, the underlying effect
f each variable can be identified with greater precision. The
xperimental design enables researchers to identify the unique
ffects of individual dimensions that may be highly correlated
n reality.14 Vignette experiments can incorporate scientific
ncertainty by asking respondents to evaluate a variety of po-
ential outcomes. Deploying a vignette experiment within a
urvey combines the strengths of experimental and observa-
ional research by enabling causal inference for participants
n the study and generalization to the population sampled,
espectively, facilitating internal and external validity. 
In vignette experiments, each vignette is comprised of mul-

iple attributes (e.g., forage quantity) with fixed levels that
andomly vary across vignettes (e.g., forage can decrease, re-
ain the same, or increase). This process forces respondents
o make tradeoffs between the attributes presented in each vi-
nette and integrate these tradeoff considerations into a sin-
le judgement. For instance, if forage quantity increases while
ater availability decreases, landowners must consider the rel-
tive importance of each change in their overall judgment. 
The vignette experiment we deployed in the survey focused
n the effects that an unnamed grass with impacts that mirror
entucky bluegrass may have on ecosystem services salient to
gricultural producers. To identify the ecosystem services we
onducted a literature review, gathered insight from range-
and specialists in the region, and interviewed landowners in
orth Dakota. We then refined the ecosystem services and
heir levels through pretesting with experts and landowners.
uring the same consultation process we relied on rangeland
xperts to identify the degree to which each attribute could
hange as a result of the new grass species. This resulted in
even ecosystem services including impacts to forage avail-
bilit y, qualit y, and yield as key provisioning services ( Table 1 ).
e also identified floral resources for pollinators and water
nfiltration and availability as regulating services. Finally, we
onsidered grass diversity and bird diversity as supporting ser-
ices. 
We employed an incomplete block experimental design to

educe the 2,187 possible vignettes to 28. Each landowner was
andomly assigned to respond to four vignettes ( Fig. 3 ).10 For
ach vignette, we asked landowners to indicate the acceptabil-
ty of the grass on their rangelands using a 7-point Likert-
ype scale (1 = extremely unacceptable, 4 = neither accept-
ble or unacceptable, and 7 = extremely acceptable). We also
sked landowners to indicate their management intentions for
he grass (1 = definitely reduce/control, 4 = would not change
urrent management, and 7 = definitely promote/maintain).
ecause each respondent evaluated multiple vignettes, we
sed mixed regression models to anal y ze the data.13 We mod-
led forage quality, forage quantity, and water infiltration as
48 
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ontinuous variables, and treated forage availability and grass
iversity as ordinal categorical variables. We modeled flo-
al resources and bird diversity as nonlinear continuous vari-
bles.10 

cceptability of impacts 

Landowners’ judgements about the acceptability of the
entucky bluegrass analog were strongly related to their in-
ention to control it, do nothing, or promote it (n = 209, Wald
 

2 
(1) = , P < 0.001, R 

2 = 0.75). For every one-level decrease
n the acceptability (e.g., moving from neutral to slightly
nacceptable), a landowner’s intention to reduce/control the
pecies increases by 13% on average ( b = -0.77, SE = 0.02,
 = -46.54, P < 0.001). Following attitude theory that such
udgements mediate the relationship between outcomes and
ehavior, we focus on the relationship between ecological im-
acts and judgements of acceptability.12 

Overall, landowners considered all ecosystem services in
heir evaluation of the Kentucky bluegrass analog (Wald
 

2 
(11) = 349, P < = 0.01, R 

2 = 0.25). Landowners preferred
rasses that increased forage quality and quantity, as well as
he hydrologic function of their rangeland ( Fig. 4 A). Summer
r fall (late season) forage was preferred to spring only (early)
 Fig. 4 B). Landowners preferred that bird diversity and polli-
ator resources did not decrease, but there were no differences
etween the no change and increase conditions ( Fig. 4 A). Fi-
ally, landowners’ acceptance of the species decreased as the
iversity of other grass species was reduced ( Fig. 4 C). 

he stages of Kentucky bluegrass invasion 

Using the results of the model, we can explore scenarios
hat reflect landowner acceptability of Kentucky bluegrass at
arly, moderate, and late stages of invasion ( Fig. 5 ). Early inva-
ion of bluegrass is characterized by enhanced forage quality
nd yield that is only available in the spring, and no change
o other ecosystem services. Under these conditions, blue-
rass is expected to be considered slightly acceptable. Mod-
rate stage invasion includes a moderate loss in grass diversity
long with increased forage qualit y, quantit y, and spring avail-
bility. Landowners are expected to view these impacts as neu-
ral to slightly acceptable. Late-stage invasion is characterized
y enhanced forage qualit y and quantit y in the spring, but a
arge reduction in the diversity of other grasses as well as re-
uctions of floral resources and grassland bird diversity. Our
odel indicates that landowners would be expected to judge
he advanced bluegrass analog as slightly unacceptable. 
These results include all landowners in the sample, but

t is possible that concern about the bluegrass analog may
e higher or lower for specific subgroups of landowners. We
onsidered that landowners with a livestock operation may
e more sensitive (i.e., less accepting) than other landowners
o the bluegrass analog, while so-called absentee landowners
ay be less sensitive. We found that differentiating landown-
Rangelands 



Table 1 
Ecosystem services examined in vignette experiment 

Ecosystem service Levels Vignette text 

Provisioning services: Forage 
Availability Early Provides palatable forage for livestock only early in the grazing season (April & May). 

Summer ∗ Provides palatable forage for livestock only during the summer grazing season ( June, July, August). 
Late Provides palatable forage for livestock only late in the grazing season (September, October, 

November). 
Quality Decrease Provides lower than average (25% less crude protein) quality forage for livestock during the 

primary growing period of this species. 
No change ∗ Provides average (in terms of crude protein) quality forage for livestock during the primary 

growing period of this species. 
Increase Provides higher than average (25% more crude protein) quality forage for livestock during the 

primary growing period of this species. 
Quantity Decrease Produces a lower than average (25% less) yield in terms of lb/acre. 

No change ∗ Produces an average yield in terms of lb/acre. 
Increase Produces a higher than average (25% more) yield in terms of lb/acre. 

Regulating services 
Pollinator resources Decrease Leads to a considerable decrease (loss of 15%) in the amount of floral resources that provide pollen 

and nectar for pollinator species. 
No change ∗ Doesn’t change the amount of floral resources that provide pollen and nectar for pollinator species. 
Increase Leads to a considerable increase (gain of 15%) in the amount of floral resources that provide pollen 

and nectar for pollinator species. 
Water infiltration & 

availability 
Decrease Considerably decreases (loss of 20%) water infiltration into the soil and the amount of water 

available to other plants. 
No change ∗ Doesn’t change water infiltration into the soil and the amount of water available to other plants. 
Increase Considerably increases (gain of 20%) water infiltration into the soil and the amount of water 

available to other plants. 
Supporting services: diversity 
Grassland birds Decrease Leads to a considerable decrease (loss of 3-5 species) in the variety of grassland birds. 

No change ∗ Doesn’t change the variety of grassland birds. 
Increase Leads to a considerable increase (gain of 3-5 species) in the variety of grassland birds. 

Grasses Large decrease Greatly decreases (loss of 50% or more) the diversity of other grasses. 
Moderate decrease Moderately decreases (loss of 20%) the diversity of other grasses. 
No change ∗ Has no effect on the diversity of other grasses. 

∗ Levels reflect the status quo or no change outcomes. 

Figure 4. All ecosystem services were significantly related to landowner judgements of acceptability. Several ecosystem services were treated as 
continuous (A), and others were modeled as nominal (B) or ordinal (C). 

2022 349 
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Figure 5. The expected acceptability of a grass like Kentucky bluegrass 
at early, moderate, and late stages of invasion based on expected eco- 
logical impacts of bluegrass to ecosystem services. 
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Figure 6. Of the models tested only the number of hours landowners 
typically spend managing, operating, or working on their land was re- 
lated to the acceptability of Kentucky bluegrass. Acceptability decreases 
at each progressive stage of invasion. 
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rs who use their land primarily for crop production from
hose who use their land primarily for livestock produc-
ion or as a mixed crop and livestock operation did not
elp explain acceptability judgements ( b = -0.11, z = -0.62,
 = 0.54). Similarly, focusing in on landowners who use their
and primarily for livestock did not improve understanding
f acceptability ( b = 0.12, z = 0.70, P = 0.49). When we con-
idered absentee landownership using the distance of the
andowner’s primary residence from their land in miles (0
iles if living on the land), we found no relationship ( b <
.01, z = -0.83, P = 0.40). Finally, we considered the degree
o which landowners were directly involved in land man-
gement based on the number of hours landowners typi-
ally spent managing, operating, or working on their land per
eek.15 Landowners’ involvement with their land was high
Mean = 44.5 hours/week, SD = 29, Median = 50) and in-
ersely related to acceptability, with greater involvement in
anagement related to lower acceptability of the bluegrass
nalog ( Fig. 6 ; b = -0.007, z = -2.61, P < 0.01). 
In sum, landowners preferred increases to ecosystem ser-

ices that have a more direct impact on their operation (e.g.,
orage and water) with less focus on increasing indirect ser-
ices such as biodiversity and pollination. The vignette exper-
ment showed that landowners focused primarily on livestock
roduction judged the acceptability of the bluegrass analog
imilarly to those focused primarily on crop production. Only
he degree to which a landowner is actively engaged in man-
gement was related to increased sensitivity of invasion (i.e.,
ower acceptability ratings). Based on the strong relationship
etween acceptability and management intention, landown-
rs are likely to attempt to control bluegrass only once the

nvasion is advanced. l  

50 
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ncorporating uncertainty into social science 

esearch 

W hen tr ying to understand an uncertain phenomenon
hat threatens both social and ecological systems but un-
qually affects them, scenario approaches can be useful tools
o assess landowner reactions and inform potential policy
esponses. A number of different scenario approaches ex-
st. For instance, economics valuation studies use scenarios
o estimate economic values of environmental goods,16 and
pproaches that employ cognitive mapping integrate insight
rom multiple stakeholders to compare the outcomes of sce-
arios or evaluate the effectiveness of different management
nterventions.17 These and other methods can inform a struc-
ured decision-making process for invasive species manage-
ent to social and ecological outcomes of rangeland man-
gement.18 

As a whole, respondents were overwhelmingly ambiva-
ent when asked directly about the acceptability of Ken-
ucky bluegrass. Familiarity with bluegrass varied and al-
hough only 50% of landowners reported having Kentucky
luegrass on their land, recent ecological estimates suggest
hat most nonfederal rangelands in our study have been in-
aded by Kentucky bluegrass.6 Providing landowners with
cenarios that reflect different ecological outcomes in the vi-
nette experiment creates a context that can adjust for vari-
tion in knowledge and personal experiences evident in the
andowner sample (i.e., familiarity with and self-reported
resence of Kentucky bluegrass on their land). Although blue-
rass attitudes are not polarized in the vignette results, re-
pondents viewed the initial impacts of Kentucky bluegrass
ositively but evaluated outcomes associated with increased
xpansion as increasingly unacceptable. The experimental
esign of the vignettes enables further insight into how
andowners’ preferences for ecosystem services, such as for-
Rangelands 
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ge, influence their final judgements of tradeoffs in real-world 
ituations. 

nticipating and planning for invasive species 

We found that private landowners are likely ineffective 
atekeepers against an invasive grass that behaves analogous 
o Kentucky bluegrass. The more involved a landowner is 
ith the land, the more responsive they are regardless of dis- 
ance they live from the land.15 Although landowners re- 
pond to decreased ecosystem services triggered by the in- 
asive, late-stage bluegrass invasion was onl y slightl y un- 
cceptable. This estimate signals a relatively small chance 
hat private landowners will independently combat the in- 
asion of Kentucky bluegrass, especiall y in its earl y stages.
he idea that landowners may delay the control of blue- 
rass until it has severe negative impacts is supported by 
dditional analyses in Rajala et al.10 The paradox is that 
he failure of preventative and early management of inva- 
ive species often results in more expensive and less ef- 
ective management options at later stages of invasion,
long with greater social and ecological impacts of the 
nvasion.19 

This lack of preventative action is not uncommon in in- 
asive species management or human decision-making under 
onditions of risk and uncertainty. Invasive species are wicked 
roblems without simple causes or solutions and the manage- 
ent response from individual landowners may be encum- 
ered by a number of interacting and potentially conflicting 
cientific, ethical, political, and individual considerations.20–23 

ngaging in protective action is not assured even when they 
erceive high risks from natural hazards.24 Consequently, it 
s not surprising that the landowners did not indicate an in- 
ention to take direct decisive action. The next question re- 
ates to the kinds of interventions that can motivate control 
f Kentucky bluegrass given the high threshold for action in 
his case. 
External incentives and collaborative engagement can help 
enerate the cooperation necessary to thwart continued ex- 
ansion of invasive species like Kentucky bluegrass through- 
ut privately owned, agricultural landscapes like the north- 
rn Great Plains. A number of policy solutions have been 
ighlighted for controlling invasive species in complex social- 
cological landscapes, stemming from incentive programs to 
ollaborative landscape planning. A well-designed incentive 
rogram can employ cost-share, direct payments, and/or tech- 
ical assistance to induce landowners to engage in particular 
ange management practices at particular times that impact 
entucky bluegrass. In such cases, landowner perceptions of 
luegrass are surpassed by other needs and concerns. Regional 
nvasive species control organizations can engage stakehold- 
rs to develop coordinated strategies and leverage funding to 
upport invasive species control.25 However, a combination of 
op-down (i.e., rules, regulations, and incentives), bottom-up 
i.e., self-organization by landowners), and middle-out ap- 
roaches (e.g., boundary organizations like weed manage- 
022 
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ent districts that foster coordination) recognizes the im- 
ortance of taking action while providing private landowners 
ith the latitude to design and adopt solutions that fit their 
eeds. Invasive species management strategies that incorpo- 
ate landowner needs and consider ecosystem service trade- 
ffs can better align policies with specific stages of invasion 
o promote adaptive governance and achieve improved social 
nd ecological outcomes.19 , 26 

Overall, it is not surprising that landowners in our study 
ere not willing to take immediate definitive action against 
he Kentucky bluegrass analog. Despite broad consensus 
mong scientists about the net negative ecological impacts 
f the species, uncertainty remains about specific ecological 
mpacts. Further, many landowners may be largely unaware 
f or unaffected by the species, and little is known about the
ascading impacts on a landowner’s operation. This is com- 
ounded with the fact that rangelands in general are perpet- 
ally threatened by invasive species and that landowners do 
ot always judge invasives as bad using the same parameters 
s ecologists.27 Efforts to deal with invasives must continue 
o consider the complex interacting dynamics that influence 
ndividual decisions to control invasives.18 

A major challenge to stemming the negative social and 
cological consequences of the Kentucky bluegrass invasion 
s reconciling scientific information with landowners’ local 
nowledge and experiences. The specific attributes of this in- 
asive grass and its patterns of invasion can be deceptively at- 
ractive to the livestock industry—it is a palatable, productive,
ool season species growing in a geographic area well suited to 
ool season grasses. However, as Kentucky bluegrass invasion 
rogresses, the inevitable loss of warm season grasses and re- 
uctions in native forb abundance results in the reduction of 
cological as well as livestock enterprise resilience, as graz- 
rs no longer have access to warm season forage during drier,
otter parts of the year. As Kentucky bluegrass continues to 
ransform northern Great Plains rangelands, cascading im- 
acts will become more evident and the problem will likely 
ecome more salient. Adopting ways of productively man- 
ging invaded rangelands to account for ecosystem services 
andowners value as well as incentivizing early action to pre- 
ent further invasion of Kentucky bluegrass are keys to main- 
aining these working landscapes. 
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