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Defend the core: Maintaining intact
rangelands by reducing vulnerability
to invasive annual grasses

By Jeremy D. Maestas, Mark Porter, Matt Cahill, and Dirac Twidwell

On the Ground

* New geographic strategies provide the landscape
context needed for effective management of inva-
sive annual grasses in sagebrush country.
Identifying and proactively defending intact range-
land cores from annual grass invasion is a top pri-
ority for management.

Minimizing vulnerability of rangeland cores to an-
nual grass conversion includes reducing exposure
to annual grass seed sources, improving resilience
and resistance by promoting perennial plants, and
building capacity of communities and partnerships
to adapt to changing conditions and respond to
the problem with appropriate actions in a timely
manner.
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A new battle cry is being heard from the Great Plains
to the Great Basin in the fight to save America’s grasslands
and shrublands: “Defend the Core”! This concept refers to an
emerging strategy for conserving rangelands that emphasizes
proactive and preventative management of large-scale threats
within otherwise intact landscapes comprised mostly of native
plant communities, or ‘cores.’ In the Plains, such a strategy
is being applied to halt woody encroachment and grassland
loss to trees like eastern redcedar (Juniperus virginiana L.)."*
Farther west, partners in sagebrush (Aremisia L. spp.) coun-
try are beginning to adopt this approach to more effectively
curb shrubland conversion to invasive annual grasses, such as
cheatgrass (Bromus tectorum L.), medusahead (Zueniatherum
caput-medusae (L.) Nevski), and ventenata (Ventenata dubia
(Leers) Coss.).1* " Despite differences across geographies, the
approach uses the same spatially-explicit planning process to
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help prioritize management in and around rangeland cores
where it is still possible to prevent state transitions that result
from invasive plants.

While conservationists are embracing this new threat-
reduction strategy, applications of it are relatively new and
questions remain about how to implement it effectively
at meaningful scales. Vulnerability-based models are used
around the world to manage risks associated with a variety
of large-scale and intractable threats, such as, climate change
and woody plant encroachment.”” Vulnerability is typically
defined as a function of three factors: sensitivity, exposure, and
adaptive capacity (Fig. 1). In general, sensitivity refers to the
inherent characteristics of a system that determine the de-
gree to which it is impacted by a threat or stressor. Exposure
refers to the magnitude of threat or stressor the system is ex-
posed to. Sensitivity and exposure combine to determine risk.
For instance, Great Plains grasslands historically had low risk
of woody encroachment because regular fire improved vigor
of native grasses reducing sensitivity to woody invasion and
exposure to woody seed sources was rare in expansive grass-
lands. Adaptive capacity refers to the potential of human com-
munities to adapt to a threat with minimal disruption, such
as a community within a watershed that comes together to
more effectively confront woody encroachment across prop-
erty lines (e.g., landowner prescribed burn associations) rather
than working alone.

Converging scientific and technological advancements
over the last decade provide a better understanding of sage-
brush ecosystem vulnerability to annual grass invasion. Part-
ners in the sagebrush biome have built out a robust science
framework describing biotic and abiotic drivers of ecosystem
resilience to disturbance or stress and resistance to invasive
annual grasses.”’ Resilient ecosystems have the capacity to
reorganize and regain their basic characteristics when altered
by stressors such as invasive plants and disturbances like fire,
while resistant ecosystems have attributes limiting establish-
ment and expansion of the invader.>'” For example, cooler
and wetter sagebrush sites supporting healthy perennial plant
communities exhibit greater resilience to wildfire and resis-
tance to annual grass invasion than warmer and drier sites
with depleted perennial plant communities.!” Our under-
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Figure 1. The classic vulnerability-based model for reducing large-scale
ecosystem threats.

standing of the biology and ecology of invasive annual grasses
has also improved,'! along with the tools needed to disrupt in-
vasive species reproduction processes.12 Recent breakthroughs
in remotely-sensed rangeland vegetation mapping provide
heightened awareness of where annual grass invasions are oc-
curring and how they are changing through time,'* providing
context for communities and partners to rally around a co-
ordinated strategy to tackle this evolving threat.>*° When
combined, these advancements provide a basis for reducing
vulnerability of sagebrush ecosystems to annual grass invasion
by allowing us to more effectively address sensitivity, exposure,
and adaptive capacity.

We elaborate on what it means to proactively “defend the
core” by applying the vulnerability-based model to reduce the
threat of invasive annual grasses. First, we review the critical
role of landscape context in informing management options
and expectations and discuss how geographic strategies help
managers understand this context. Next, we highlight three
guiding actions needed to reduce vulnerability of sagebrush
rangeland cores to annual grass conversion: 1) reduce exposure
to invasive annual grass seed sources, 2) improve resilience
to disturbance/stress and resistance to invasion by promoting

perennial plants, and 3) build capacity of communities and
partnerships to adapt to changing conditions and respond to
the problem with appropriate actions in a timely manner.

Importance of landscape context

We often wait too long to address resource issues, defer-
ring management until problems are obvious. However, prin-
ciples of invasion ecology teach us that control is more ef-
tective and cost-efficient when done early before infestations
become widespread. Indeed, Early Detection and Rapid Re-
sponse (EDRR) has long been a key tenet of invasive species
management. The field of landscape ecology teaches us that
scale and context matter too as invasions tend to be spatially
contagious. This “landscape context” is essential to under-
stand as ecosystem composition, structure, and function par-
tially depend on what is happening around that location at
multiple scales (e.g., watershed, region, biome) through time.

Combining these principles in a simple example illustrates
the importance of understanding the severity and extent of
invasions when evaluating management options and expec-
tations. Contrast a largely intact hypothetical rangeland core
with few annual grass infestations (Fig. 2a) with a landscape
that is heavily invaded by annual grasses with few uninvaded
lands remaining (Fig. 2b). In which of these landscapes do you
think annual grass control will be more effective over the long
run? Clearly, success in stopping annual grass conversion de-
pends not only on what is happening within a particular site
on the ground, but also what is happening in the surrounding
area.

Understanding this landscape context enables managers to
focus the right actions, in the right places, at the right time,
and set realistic expectations for potential outcomes. In the
relatively uninvaded core area (Fig. 2a), the emphasis is on
risk management to proactively prevent invasions and erad-

Landscape Context Informs Management

Risk Management:
Protection, Prevention, Preparedness,
Early Detection Rapid Response

w

Regional state transition

Crisis Management:
Mitigation, Rehabilitation

No/low annual grasses . Annual grass dominated

Figure 2. Conceptual example illustrating the importance of landscape context. A landscape that is largely intact with few annual grass infestations
() is contrasted with a landscape that is heavily invaded by annual grasses (b). As more of the landscape transitions to annuals, regional state shifts

occur limiting management response and options.
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ication of new infestations. In the heavily invaded landscape
(Fig. 2b), prevention is no longer an option as invasive annu-
als are widespread and difficult to control. Here, crisis man-
agement is needed to mitigate the most severe impacts of
the annual grass-fire cycle on life and property. Given the
widespread nature of the annual grass problem and invasi-
bility of sagebrush rangelands (see Boyd et al., this issue),"*
land managers should be asking themselves: 1) What kind of
landscape do I live or work in?; 2) Am I already in a crisis or
should I be working to prevent one?

Remotely-sensed vegetation maps help managers know
the condition of the landscape they are working in, en-
abling partners to develop geographic strategies for prioritiz-
ing appropriate management actions in the right places (see
Creutzburg et al., this issue).»*° Identifying and defending
cores from annual grass invasion is a top priority for man-
agement as it is more likely to be effective and cost-eflicient
than waiting to act until problems are acute. In cores, op-
portunities remain to reduce risks before difficulty and costs
go up exponentially as the scale and severity of invasions in-
crease. Yet, cores cannot be defended in isolation so tran-
sitioning lands situated between cores and more degraded
regions are also important areas for aggressive management
and restoration. Finally, focusing triage tactics (e.g., targeted
fine fuels reduction, enhanced fire suppression) in degraded
regions can help mitigate and contain crises resulting from
widespread invasive annuals and frequent fire (see Wollstein
et al. and Davies et al., this issue).!>2® We focus here on fur-
ther describing the proactive management needed to defend
cores.

Reducing vulnerability of cores to invasion

With common geographic strategies providing context for
management, partners are better positioned to focus specific
actions needed to reduce vulnerability of sagebrush rangeland
cores to invasive annual grasses. Putting the vulnerability-
based model into practice, we discuss three guiding actions
needed to “defend the core” from annual grass conversion: 1)
reduce exposure of cores to invasive annual grass seed sources,
2) improve resilience to disturbance/stress and resistance to
invasion by promoting perennial plants, and 3) build capacity
of communities and partnerships to adapt to changing condi-
tions and respond to the problem with appropriate actions in
a timely manner (Fig. 3).
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Figure 4. Invasive annual grass life cycle. Limiting exposure of range-
land cores to invasive seed sources is essential to breaking the cycle.

1). Reduce exposure to invasive seed sources

Simply put, annual grass invasion of rangeland cores can-
not occur without seed sources. Stopping these weeds means
stopping their seeds to prevent subsequent dispersal, recruit-
ment, and reproduction (Fig. 4). Exposure of cores to seeds
and subsequent reproduction is a primary point of vulnera-
bility leading to annual grass conversion. As annual plants,
invasive annual grasses have one job: produce seed every year.
And they are exceptionally good at it. Cheatgrass and other
non-native annuals produce vast amounts of seed annually.
Furthermore, annual grass seeds are well-adapted for disper-
sal making it difficult to contain seed spread. Once intro-
duced, viable seeds accumulate on site and contribute to re-
establishment after initial control which is often inconsis-
tently or ineffectively implemented. But we are not helpless,
and applying our understanding of the pathways of invasion
can inform specific actions we may need to take to stop the
spread.

Annual grass invasion is a spatially contagious process
whereby new seed introductions often come from nearby in-
vaded areas. These are the front lines of annual grass control
where managers can take steps to reduce exposure of unin-
vaded cores, such as, eradicating or containing small infes-
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tations, controlling timing of livestock and human access to
invaded areas during seed production to limit dispersal op-
portunities, and heightened vigilance using EDRR in unin-
vaded areas. Wildlife and free-roaming equids also contribute
to annual grass seed dispersal, so monitoring and treatment of
known travel corridors may be required to reduce introduc-
tions from these sources. Seed can also come from faraway
places through contaminated hay or seed, recreationists, vehi-
cles, and livestock transportation. In these cases, other mea-
sures may be needed, such as regional regulation of agricul-
tural seed contamination, use of certified weed and annual
grass free forage and restoration materials, seasonal travel re-
strictions, and clean-out periods for livestock moving from
place to place.

Where introductions have already occurred, seedbank de-
pletion is key to reducing exposure.'” Insights into cheatgrass
seed viability and longevity provide the biological basis for
long-term control. Science shows over 96% of first-year seeds
germinate the fall after hitting the ground, with few persisting
more than 2-5 years in the soil. 1718 A multi-year approach to
seedbank depletion using selective herbicides provides a crit-
ical tool for reducing seed exposure over time,'? assuming a
residual community of desirable perennial vegetation exists or
a reseeding effort is successful to re-occupy previously infested
sites. Another consideration in seedbank depletion is decreas-
ing seed viability by reducing ‘safe sites’ for germination, such
as thatch or litter that facilitates annual grass seed germina-
tion and growth.!” These early response techniques can be
successful if they disrupt the short-lived seedbank dynamics
of annual grasses and then focus on prevention of reinvasion.

Long-term efficacy of efforts to reduce exposure to annual
grass seed sources is not well understood and is an area in
need of future research. In the interim, management actions
should be coupled with regular monitoring and adaptive man-
agement. Multiple interventions are required to deplete seed
sources once introduced, so land managers should consistently
incorporate adaptive, multi-year treatments into annual grass
management plans.

2). Improve resilience and resistance by
promoting perennial plants

The sensitivity of sagebrush rangelands to invasive an-
nual grasses has been well-described in terms of ecosystem
resilience to disturbance/stress and resistance to invasion.!”
While much of the Intermountain West is well-suited to in-
vasion by winter annual grasses,'! relative resilience to distur-
bance/stress and resistance to invasion varies along an envi-
ronmental gradient based on certain abiotic and biotic fac-
tors.®?19 Warmer and drier sites are more susceptible to
cheatgrass invasion than cooler and wetter sites (e.g., lower vs.
higher elevations). Vegetation composition and productivity
also determine resilience to disturbance/stress and resistance
to invasion. Perennial grasses are particularly important for
keeping invasive annuals out by occupying above and below-
ground niches that might otherwise be available for weeds

Perennial Plants

Invasive
Annual

Figure 5. Maintaining a sufficient density of healthy perennial plants is
a key factor in reducing sensitivity to annual grass invasion. lllustration
credits: Jeremy Maestas and Maja Smith, Sage Grouse Initiative

(Fig. 5).1° For certain species, like medusahead, soils strongly
influence susceptibility to invasion.

Invasive species management only focusing on killing the
weed, without considering mechanisms of invasion and what
will take its place when it’s removed, is akin to playing “whack-
a-mole™—a metaphor used to describe a situation in which
attempts to solve a problem are piecemeal, resulting only in
temporary or minor improvement. Long-term solutions lie in
integrated approaches that manage both for desired peren-
nials and against invasive annuals. Since abiotic factors are
beyond our control, improving resilience and resistance boils
down to managing for the health and vigor of perennial plants,
especially bunchgrasses. This includes tactics, such as graz-
ing management favoring desired perennial plants, restora-
tion seeding (see Baughman et al., this issue),”’ herbicide
treatments to release perennials from invasive competition
and deplete the invasive seedbank,'” and reducing ground-
disturbing activities that weaken perennial vegetation.’ John-
son et al. (this issue) describe in more detail specific actions

for improving ecosystem resilience and resistance.’!

3). Build capacity to adapt to changing
conditions

Increasing society’s capacity to respond to complex and dy-
namic problems with appropriate actions in a timely man-
ner is essential to minimizing loss of critical ecosystem func-
tions and services into the future. The ever-expanding niche
for invasive annual grasses with climate change'’**?3 un-
derscores the importance of land and resource managers in
sagebrush county to be prepared to confront this problem,
even if invasive annuals are not a clear and urgent threat lo-
cally today. Managing vulnerability to a dynamic threat is a
socio-ecological systems problem requiring not only ecologi-
cal knowledge but also political and cultural will to take an ‘all
hands, all lands’approach. Building adaptive capacity includes

increasing the ability of institutions and agencies to learn and
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transfer knowledge quickly (see Schroeder et al., this issue),”*

while also providing creative flexibility in decision-making
and accountable power structures to ensure action. Innova-
tive organizational infrastructure, such as collaboratives and
special management units, can also empower local commu-
nities to more effectively respond to changing management
needs. Garnering support for reliable long-term funding and
resources is another key element of enhancing adaptive ca-
pacity at the local level that enables willing stakeholders to
act (see Smith et al. and Cabhill et al., this issue).>»2°

Community-based cooperatives are a proven mechanism
for building the capacity for adaptation. Cooperatives share
equipment, experience, staff, and resources to conduct treat-
ments across property lines which increases their collective
abilities to manage resource issues. County Weed Control
Districts and Cooperative Weed Management Areas (CW-
MAs) are such existing structures for diverse partners to ad-
dress invasive species in a particular area. Other innovative
examples include organizations like the High Desert Part-
nership which brings people together to solve diverse rural
challenges from wildfire to economic development (see: https:
//highdesertpartnership.org/). Unique learning networks are
also emerging, like the University of Wyoming’s Institute
for Managing Annual Grasses Invading Natural Ecosystems
(IMAGINE) which is connecting scientists and land man-
agers to improve data sharing and communications about how
to effectively manage invasive annuals. Human capacity in
the form of boots-on-the-ground to coordinate collaborative
efforts is vital to ensuring willing groups have the support
needed to function.

The co-mingled nature of public-private rangelands in
sagebrush country requires land and natural resource man-
agement agencies, private landowners, and other partners to
row in the same direction toward a shared vision and goal at
multiple scales. Biome-wide frameworks, such as, the NRCS
Working Lands for Wildlife Framework for Conservation
Action,! Western Governors Association Toolkit for Inva-
sive Annual Grass Management,’ and Western Association
of Fish and Wildlife Agencies’ Sagebrush Conservation Strat-
egy,” help align federal and state partners with a common “de-
fend the core” strategy for proactively protecting rangeland
cores from invasive annuals. Stepping this down to state-wide
or area-wide plans co-produced by local stakeholders provides
an actionable roadmap for coordination and investment in hu-
man capacity, management, and monitoring. Models, such as,
Idaho’s Cheatgrass Challenge,’ Oregon’s SageCon Invasives
Initiative (Creutzburg et al., this issue),” and Wyoming Gov-
ernor’s Invasive Species Initiative illustrate flexibility in how
state and local partners can work towards the same the shared
vision.

A proactive path forward

As we consider a new path forward to address the annual
grass problem, it is instructive to evaluate the effectiveness
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of past efforts and priorities and acknowledge shortcomings.
While we spend most of our resources dealing with the lat-
est crisis in heavily impacted regions, previously uninvaded
rangelands continue to transition to invasive annuals every
day. Climate change only adds to the urgency as cheatgrass
and other invasive annuals are on the move, increasingly occu-
pying new niches and challenging management assumptions
and palrzldigms.n’m’22

However, new vegetation mapping technology provides us
with a better understanding of the spatial distribution of the
problem which has enabled partners to lay out proactive and
comprehensive strategies for tackling it. Roughly 70% of the
sagebrush biome still has relatively low amounts of invasive
annuals, providing land managers with abundant opportuni-
ties for proactive risk managemcnt.27 Putting maintenance of
intact rangeland cores at least on par with our investment in
crisis management provides an opportunity to save the vast
majority of remaining rangelands that are still functional. Suc-
cessfully defending cores will require a shift in mindset and
the sustained resources needed to build adaptive capacity of
landowners and managers to reduce exposure to annual grass
seed sources and continually improve rangeland resilience to
disturbance/stress and resistance to invasion in the face of
change.

Declaration of Competing Interest

None.

Acknowledgements

We wish to thank the High Desert Partnership (Burns,
Oregon), the SageCon Partnership, and Oregon State Uni-
versity for their leadership in organizing the 2020 Invasive
Annual Grass Workshop and this special issue of Range-
lands. We are also indebted to the NRCS Working Lands for
Wildlife team for providing conceptual inspiration and spatial
products (Rangeland Analysis Platform, https://rangelands.
app/) enabling the proactive approach for tackling rangeland
threats discussed in this paper.

References

1. NaturaL Resources Conservarion Service (NRCS). A
framework for conservation action in the sagebrush biome.
Working Lands for Wildlife, USDA-NRCS. Washington, D.C.
2021; https://wlfw.rangelands.app. Accessed August 19,2021.

2. TwipweLL D, DT Focarty, anD JR WEIR. Reducing woody
encroachment in grasslands: A guide for understanding risk
and vulnerability. Oklahoma Cooperative Extension Ser-
vice Publication E-1054. 2021; https://wlfw.rangelands.app/
assets/greatPlainsMaterials/E-1054WoodyEncroachment.pdf.
Accessed November 1,2021.

3. NaturaL Resources ConservaTioN Service (NRCS).
Tackling Idaho’s Cheatgrass Challenge. USDA-NRCS.
Boise, Idaho. 2020; https://www.nres.usda.gov/wps/PA_

5

Please cite this article as: Jeremy D. Maestas, Mark Porter, Matt Cahill et al., Defend the core: Maintaining intact rangelands by
reducina vulnerabilitv to invasive annual arasses. Ranaelands. httns://doi.ora/10.1016/i.rala 2021.12 008


https://www.highdesertpartnership.org/
https://www.rangelands.app/
https://wlfw.rangelands.app
https://wlfw.rangelands.app/assets/greatPlainsMaterials/E-1054WoodyEncroachment.pdf
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1560032&ext=pdf
https://doi.org/10.1016/j.rala.2021.12.008

10.

11.

12.

13.

14.

6

NRCSConsumption/download?cid=nrcseprd1560032&ext=
pdf. Accessed August 19,2021.

. WEsTERN GovErNORs Association (WGA). A toolkit

for invasive annual grass management in the West. 2020;
https://westgov.org/images/editor/FINAL_Cheatgrass_
Toolkit_July_2020.pdf. Accessed August 19, 2021.

. RemincgTon TE, Deisert PA, Hanser SE, Davis DM,

Ross LA, WerLty JL. Sagebrush conservation strategy—
Challenges to sagebrush conservation. U.S. Geological Survey
Open-File Report 2020-1125.2021. doi:10.3133/0£r20201125.

. Creurzeure MK, Orsen AC, ANTHONY M, ET AL. A geo-

graphic strategy for cross-jurisdictional, proactive management
of invasive annual grasses in Oregon. Rangelands, XX (2022), pp.
XXX-XXX, doi:10.1016/j.rala.2021.12.007.

. Guick P, Stein BA, anp Eperson NA (eds). Scanning the

conservation horizon: A guide to climate change vulnerabil-
ity assessment. National Wildlife Federation, Washington D.C.,
USA. 2011; https://www.nwf.org/vulnerabilityguide. Accessed
August 19,2021.

. Magstas JD, Campeerr SB, Cuamsers JC, PeLLant M,

MirLer RF. Tapping soil survey information for rapid assess-
ment of sagebrush ecosystem resilience and resistance. Range-
lands. 2016; 38:120-128. d0i:10.1016/j.rala.2016.02.002.

. Cuawmsers JC, Beck JL, Braprorp JB, ET AL. Science frame-

work for conservation and restoration of the sagebrush biome:
Linking the Department of the Interior’s integrated rangeland
fire management strategy to long-term strategic conservation ac-
tions. Part 1. Science basis and applications. General Technical
Report RMRS-GTR-360. Fort Collins, Colorado. U.S. Deparz-
ment of Agriculture, United States Forest Service, Rocky Mountain
Research Station. 2017. doi:10.2737/RIMRS-GTR-360.
Cuameers JC, BrapLey BA, Brown CS, eT aL. Resilience
to stress and disturbance, and resistance to Bromus tec-
torum L. invasion in cold desert shrublands of western
North America. Ecosystems. 2014; 17:360-375. doi:10.1007/
s10021-013-9725-5.

Germino M], Bernar J, Stark JM, ArLen EB, Rau BM.
Exotic brome-grasses in arid and semiarid ecosystems of the west-
ern US: Causes, consequences, and management implications. New
York: Springer; 2016 hztps:// link.springer.com/ book/10.1007/
978-3-319-24930-8.

SesasTian DJ, Nissen SJ, SeBasTian JR, KG Beck. Seed bank
depletion: the key to long-term downy brome (Bromus tecto-
rum L.) management. Range Ecol & Manag. 2017. doi:10.1016/
j.rama.2016.12.003.

ArLrep BW, BesteLmeYER BT, Boyp CS, ET AL. Improving
Landsat predictions of rangeland fractional cover with multitask
learning and uncertainty. Methods in Ecology and Evolution. 2020.
doi:10.1111/2041-210X.13564.

Boyp CS. Managing for resilient sagebrush plant communities
in the modern era: We’re not in 1850 anymore. Rangelands, XX
(2022), pp. XXX-XXX.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. WorrsTeIN K; O’Connor C, Gear ], anp Hoagranp R. Min-

imize the bad days: Wildland fire response and suppression suc-
cess. Rangelands, XX (2022), pp. XXX-XXX. d0i:10.1016/j.rala.
2021.12.006.

Davies KW, WorrsteiN K, DracT W], axnp O’Connor C.
Grazing management to reduce wildfire risk in invasive annual
grass prone sagebrush communities. Rangelands, XX (2022), pp.
XXX-XXX.

Burnsipe OC, WiLson RG, WEisBerG S, HusBarD KG. Seed
longevity of 41 weed species buried 17 years in eastern and
western Nebraska. Weed Science. 1996; 44:74-86. doi:10.1017/
S0043174500093589.

Smita DC, Mever SE, ANDErsoN V. Factors affecting Bro-
mus tectorum seed bank carryover in Western Utah. Range Ecol
&8 Manag. 2008; 61:430-436. doi:10.2111/07-035.1.
Perryman BL, Scaurrz BW, McApoo JK, Cervantes JC,
Foster S, McCuin G, Swanson S. Viewpoint: An alternative
management paradigm for plant communities affected by inva-
sive annual grass in the Intermountain West. Rangelands. 2018,
40:77-82. doi:10.1016/j.rala.2018.03.004.

Baveuman O, Kurra S, SHeLeEy RL, AND MunN L. Rationale
and potential for using native plants during ecosystem restora-
tion. Rangelands, XX (2022), pp. XXX-XXX.

Jounson DD, Boyp CS, O’Connor RC, anp Smrta D. Ratch-
eting up resilience in the Northern Great Basin. Rangelands, XX
(2022), pp. XXX-XXX, doi:10.1016/j.rala.2021.12.009.
McManon DE, Urza AK, Brown JL, Pueran C, CHAM-
BERS JC. Modelling species distributions and environmental
suitability highlights risk of plant invasions in western United
States. Diversity and Distributions. 2021. doi:10.1111/ddi.13232.
Smrta JT, ALLrep BW, Boyp CS;, eT aL. The elevational ascent
and spread of exotic annual grass dominance in the Great Basin,
USA. Diversity and Distributions. 2021. doi:10.1111/ddi.13440.
ScHRrOEDER VM, Jounson DD, O’ConnNor RC, ET AL.. Manag-
ing invasive annual grasses, annually: A case for more case stud-
ies. Rangelands, XX (2022), pp. XXX-XXX.

Smrra BS, Unrriep JK, Harr Derrees DK, ano D] Woob.
Prioritizing limited resources in landscape scale management
projects. Rangelands, XX (2022), pp. XXX-XXX.

CaniLr M. The range has changed: A viewpoint on living in
sagebrush ecosystems in the age of invasives and wildfire. Range-
lands, XX (2022), pp. XXX-XXX.

Magestas J, Jones M, Pastick NJ, ET AL. Annual herbaceous
cover across rangelands of the Sagebrush Biome: U.S. Geological
Survey data release. 2020. doi:10.5066/P9VL3LD5.

Authors are from: USDA Natural Resources Conservation Service,
West National Technology Support Center, 1201 NE Lloyd Blud,
Suite 801, Portland, OR, 97232; O?'L’gO}Z De]mrﬂnmz‘ qfﬂg}”icu/—
ture, Enterprise, OR, 97828; The Nature Conservancy, Bend, OR,
97702; Department of Agronomy and Horticulture, University of
Nebraska—Lincoln, Lincoln, NE, 68588

Rangelands

Please cite this article as: Jeremy D. Maestas, Mark Porter, Matt Cahill et al., Defend the core: Maintaining intact rangelands by

reducina vulnerahilitv to in

annual ar

Ranaelande httne'//doi ora/10 1016/i rala 2021 12 00K


https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1560032&ext=pdf
https://westgov.org/images/editor/FINAL_Cheatgrass_Toolkit_July_2020.pdf
https://doi.org/10.3133/ofr20201125
https://doi.org/10.1016/j.rala.2021.12.007
https://www.nwf.org/vulnerabilityguide
https://doi.org/10.1016/j.rala.2016.02.002
https://doi.org/10.2737/RMRS-GTR-360
https://doi.org/10.1007/s10021-013-9725-5
https://link.springer.com/book/10.1007/978-3-319-24930-8
https://doi.org/10.1016/j.rama.2016.12.003
https://doi.org/10.1111/2041-210X.13564
https://doi.org/10.1016/j.rala.2021.12.006
https://doi.org/10.1017/S0043174500093589
https://doi.org/10.2111/07-035.1
https://doi.org/10.1016/j.rala.2018.03.004
https://doi.org/10.1016/j.rala.2021.12.009
https://doi.org/10.1111/ddi.13232
https://doi.org/10.1111/ddi.13440
https://doi.org/10.5066/P9VL3LD5
https://doi.org/10.1016/j.rala.2021.12.008

	Defend the core: Maintaining intact rangelands by reducing vulnerability to invasive annual grasses
	Importance of landscape context
	Reducing vulnerability of cores to invasion
	1) Reduce exposure to invasive seed sources
	2) Improve resilience and resistance by promoting perennial plants
	3) Build capacity to adapt to changing conditions

	A proactive path forward
	Declaration of Competing Interest
	Acknowledgements
	References


