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a b s t r a c t 

This special issue of Rangeland Ecology and Management is dedicated to applying the Sagebrush Con- 

servation Design (SCD) to improve conservation outcomes across the sagebrush biome in the face of

pervasive ecosystem threats. This special issue provides new science and real-world examples of how we

can implement the SCD to save a biome. The SCD is a tool to identify intact sagebrush areas and address

the largest threats to the ecosystem. The SCD focuses on first protecting intact and functioning sage- 

brush ecosystems, called Core Sagebrush Areas, then works outward toward more degraded areas (i.e.,

“Defend the Core”). The premise behind the Defend the Core approach is simple: focus resources first

on preventative actions that retain ecosystem services in Core Sagebrush Areas because they are more

cost-effective and more likely to be successful. The opening article of this special issue creates a founda- 

tion for the 19 following papers, providing a coherent path for implementing the SCD. The overarching

themes are: 1) Business-As-Usual Won’t Save the Sagebrush Sea, 2) Better Spatial Targeting Can Improve

Outcomes, 3) Conservation Planning is Needed to Develop Realistic Business Plans, 4) Targeted Ecosystem

Management: Monitoring Shows Managing for Sagebrush Ecological Integrity is Working, 5) Maintaining

Sagebrush Ecological Integrity is Ecologically Relevant, and 6) There is Only Hope if We Manage Change.

The collective articles show that there is no shared plan to save the biome, yet a business plan for the
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n evolving conservation model in sagebrush country 

Despite being among the least developed places in the world, 

he sagebrush biome of the U.S. faces numerous threats and is

mong the most imperiled in the country ( Fig. 1 ). Loss and degra-

ation of sagebrush rangelands, and resulting impacts to wildlife, 

ere showcased since 1941 when Aldo Leopold warned society of 

he perils of cheatgrass ( Leopold 1941 ). In the mid-1970s, concern

as expressed about the effects of human alteration of sagebrush 

abitats to improve livestock production ( Vale 1974 ; Baker et al.

976 ). By the late 1990s, large-scale loss and degradation of sage-

rush due to wildfire, cheatgrass invasion, agricultural conversion, 

nd other ecosystem-based threats like conifer expansion garnered 

urther worry about the future of this iconic American biome and

ts wildlife ( Knick 1999 ; Wisdom et al. 2005 ). 

There are no more iconic species in sagebrush than the greater

age-grouse (hereafter, sage-grouse; Centrocercus urophasianus ). As 
igure 1. The Global Human Modification Index ( Theobald et al. 2020 ) and its relationsh

he largest contiguous portion of the Lower 48 States with the lowest amount of human 
als. The sagebrush biome still has vast expanses of open spaces with high 

hat is rare in other ecological systems within the lower 48 states. If we 

f the main drivers of ecosystem change, implementing the SCD and De- 

tegies to help save a biome. 

ublished by Elsevier Inc. on behalf of The Society for Range Management. 

This is an open access article under the CC BY-NC-ND license 
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 sagebrush obligate game bird, sage-grouse is a high-profile 

pecies of concern whose population declines closely track sage- 

rush ecosystem loss and degradation, prompting wildlife man- 

gers to develop the first-ever range-wide sage-grouse Compre- 

ensive Strategy in 2006 ( Stiver et al. 2006 ). However, the most

onsequential event bringing sagebrush country into the forefront 

f American conservation occurred in 2010 when sage-grouse was 

etitioned for protection under the Endangered Species Act of 1973 

ESA; 16 U.S.C. 1531 et seq) and determined to be ‘warranted but

recluded’ ( USFWS 2010 ). 

Regulatory ramifications of a potential ESA listing galvanized 

takeholders and partners across the West to come together to 

mplement necessary conservation measures ahead of a court- 

rdered status review of the species in 2015. In an unprece-

ented national effort, collaborations between federal, state, and 

ocal governments, private landowners, and non-governmental or- 

anizations precluded the need for federal protections through the 
ip to the sagebrush biome of the United States of America. The sagebrush biome is 

modification. 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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doption of policy changes and conservation actions ( USFWS 2015 ).

overnors from 11 western states provided leadership through

he development of state-based conservation plans and implemen-

ation of Executive Orders and on-the-ground conservation and

estoration ( Connelly et al. 2004 ). For the first time in history, the

ureau of Land Management (BLM) and U.S. Forest Service (USFS)

mended all federal land use plans throughout the western U.S.

pecifically to incorporate sage-grouse habitat needs. On private

ands, the Natural Resources Conservation Service (NRCS) created

nd funded the Sage-Grouse Initiative (SGI) to empower landown-

rs to be part of the solution through voluntary and incentive-

ased Farm Bill conservation ( NRCS 2015 ). In 2015, the U.S. Fish

nd Wildlife Service (USFWS) determined sage-grouse no longer

arranted protection under the ESA. Then-Secretary of the Inte-

ior Sally Jewell and current Secretary of Agriculture, Tom Vilsack,

n a joint news release from the White House stated, “The greater

age-grouse conservation strategy comprises the largest landscape- 

evel conservation effort in U.S. history and demonstrates that through

trong Federal, state, and private collaboration, the ESA can be an ef-

ective and flexible tool in encouraging conservation and providing the

ertainty needed for sustainable economic development in our states

nd communities .”

Since 2015, partners in the sagebrush country have remained

ommitted to implementing conservation measures for sage-

rouse ( Range-wide Interagency Sagebrush Conservation Team

024 ) and innovating to better quantify outcomes and inform

daptive management ( Coates et al. 2021 ). Simultaneously, part-

ers have been embarking on the next frontier in sagebrush con-

ervation planning and delivery: expanding from a bird to a biome.

n support of the Department of Interior’s Integrated Rangeland

ire Management Strategy, interagency scientists and managers de-

eloped the Science Framework for the Conservation and Restora-

ion of the Sagebrush Biome to help prioritize management strate-

ies based on the needs of sage-grouse and underlying ecosystem

esilience and resistance ( Chambers et al. 2017 ; Crist et al. 2019 ).

he NRCS provided an early example of ecosystem-based conser-

ation delivery, expanding its SGI to a framework for Conserva-

ion Action in the Sagebrush Biome that focused voluntary efforts

n addressing the primary threats to ecosystem resilience ( NRCS

021a ). 

Most recently, the Western Association of Fish and Wildlife

gencies (WAFWA) led a diverse coalition of experts and stake-

olders to create the Sagebrush Conservation Strategy (hereafter,

trategy; Remington et al. 2020 )—a proactive effort to extend con-

ervation beyond grouse to benefit the people and wildlife that

epend on the sagebrush ecosystem. The Strategy synthesizes the

ildlife and ecology of the sagebrush biome and key challenges. It

rovides a powerful tool to support and inform the Strategy, and

he Sagebrush Conservation Design (SCD) ( Doherty et al. 2022 ).

he SCD leverages advancements in remotely sensed land cover

roducts to provide spatially explicit maps of sagebrush rangeland

onditions and ecosystem threats through time. 

inding common ground to expand the conservation tent 

From the 1950s until recently, challenges to the sagebrush

iome have been largely framed as a species-habitat use issue,

rimarily sage-grouse, but also mule deer and pygmy rabbits. The

hreat of an Endangered Species Act listing and/or declines in pri-

rity wildlife species, such as mule deer, were the avenues that

rought the challenges of the sagebrush ecosystem to the pol-

cy forefront. A complication of this species-specific conservation

raming is that not all people living and working within this biome

alue wildlife as much as they value human use (e.g., Utilitar-

an/Traditionalist vs. Mutualist [ Manfredo, et al. 2018 ]). Country-

ide, States that encompass the sagebrush biome have some of
he highest densities of Traditionalists, who value human well-

eing above wildlife, and the lowest densities of Mutualists, who

elieve that wildlife are entitled to the same rights as humans

See Manfredo et al. 2018 , maps 1 and 2). Another limitation of

his species-centric approach is that most management recommen-

ations focused on species-specific responses to human develop-

ents (e.g., sage-grouse lek buffer distances, Holloran and Ander-

on 2005 , sage-grouse core area delineations, Doherty et al. 2011 ;

nd mapping of mule deer winter habitats, Sawyer et al. 2009 ). In-

vitably, species-specific framing resulted in conflicts when trade-

ffs were perceived between protecting wildlife habitat (mutualist

alues) and permitting other human uses (utilitarian/traditionalist

alues). 

Addressing the issue of large-scale ecosystem degradation re-

uires a different approach that simplifies the complex causes of

cosystem degradation into easily understandable and comparable 

ategories of ecosystem conditions instead of traditional species-

pecific interventions. For this approach to succeed, the categories

f past, current, and potential future ecosystem conditions must

lign with and appeal to a diverse range of stakeholders who may

ave different value structures, such as traditionalists, mutualists,

nd others ( Salafsky et al. 2008 ). A clearly defined set of benefits

rom improving ecological conditions can motivate stakeholders 

o implement solutions at scale by bringing different stakeholder

roups together through shared common interests (e.g., Johnson

t al. 2019 ). Collaborating with a diverse set of stakeholders to

reate categories of ecological conditions (e.g., desired traits, un-

esirable threats) can also facilitate the development of a shared

onservation vision by translating complex ecological information 

nto tangible and implementable projects ( Biggs et al. 2011 ). This

hared vision is necessary because regulatory interventions have

ot effectively controlled the individual threats causing the largest

hanges to the biome, such as invasive annual grasses, altered

ildfire regimes, or drought ( Boyd et al. 2014 ). 

The SCD focuses on five ecological metrics, three of which are

hared values between diverse stakeholders ( + perennial grass, -

nvasive annual grass, - expanding conifer), one is neutral (sage-

rush), and one has caused large-scale disagreements (human

odification). Perennial grasses are vital for maintaining the eco-

ogical stability and resiliency of sagebrush ecosystems, serving as

he foundation of rural grazing communities. Combatting invasive

nnual grasses and conifer expansion is also a shared challenge.

his special issue quantifies that 87% of documented losses in Core

agebrush Areas ( Doherty et al. 2022 ) were due to increases in

wo threats (invasive annual grasses and conifers), while the loss of

erennial grasses (a desired condition) accounted for an additional

% of the loss of Cores Sagebrush Area ( Fig. 2 ). This means stake-

olders share common values for 91% of the underlying causes

f the degradation of the sagebrush biome. Conversely, human

odification has been a point of contention between stakeholder

roups with conflicting interests. This special issue demonstrates

hat over the last two decades, 3% of the loss of Core Sagebrush

reas was directly caused by human modification. Focusing solu-

ions on where we have common ground, fighting shared threats

nd shared value (perennial grasses), has a proven track record of

ringing stakeholders together through common interests within 

he sagebrush biome ( Johnson et al. 2019 ). 

he Sagebrush Conservation Design (SCD): supporting 

roactive, ecosystem conservation 

In 2021, WAFWA assembled a working group of experts to de-

elop a spatially explicit conservation design that could inform and

upport a biome-wide Sagebrush Conservation Strategy. This group

epresented a diverse set of disciplines, including climatology,

onservation biology, fire ecology, landscape ecology, rangeland
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Figure 2. The overall percentage of each of the five components of sagebrush ecological integrity, which caused the landscape to decline from being classified as a Core 

Sagebrush Area from 2001 to 2020. 
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cology, spatial ecology, and wildlife biology. The overarching goal 

f the effort was to provide a common basis for understanding

he state of sagebrush rangelands through time. Within this 

pecial section, our goals were to produce the science to 1) help

nify conservation delivery effort s to proactively reduce primary 

cosystem threats, 2) facilitate and promote discussion among 

takeholders to set ecosystem-level objectives, and 3) inform a 

omprehensive and strategic adaptive management framework. 

he conservation design was built around a shared vision of help-

ng conservation partners identify and retain large and functioning 

agebrush landscapes. 

The primary goal of the Sagebrush Conservation Design (SCD; 

oherty et al. 2022 ) was to locate regions that had high-quality

agebrush habitats as determined by sagebrush ecological integrity 

SEI). The authors accomplished this by creating a map that clas-

ified these areas by management classes based on their SEI rank-

ngs. The SCD parses sagebrush rangelands across the biome into 

hree categories: 1) Core Sagebrush Areas, 2) Growth Opportu- 

ity Areas (GOA), and 3) Other Rangeland Areas (ORA) ( Fig. 3A ).

ore Sagebrush Areas represent intact and functioning sagebrush 

cosystems with few landscape threats. Growth Opportunity Ar- 

as are relatively functioning sagebrush ecosystems impacted by 

ne or more landscape threats. Other Rangelands Areas contain 

he lowest SEI due to more severe threat impacts or are non-

agebrush rangeland habitats. These mapped categories helped to 

dentify large, functional sagebrush landscapes that had healthy 

ative perennial grass understories and were at low risk of threats.

he resulting SCD leveraged cutting-edge advancements in re- 

otely sensed landcover products to develop spatially explicit 

aps of sagebrush rangeland conditions and landscape threats 

hrough time ( Fig. 3B ). 

Importantly, the SCD goes beyond assessing the state of the 

iome by providing a foundation for implementing a new proac- 

ive conservation approach: “Defend the Core, Grow the Core, Mit- 

gate Impacts” ( NRCS 2020 , 2021b ; WGA 2020 ). This broad strat-

gy focuses on first protecting intact and functioning sagebrush 

cosystems (“cores”) and then working outward to improve the 

anagement and restoration of more degraded landscapes rather 
han initially starting with the most degraded areas ( Fig. 4 ; NRCS

021b ). The premise behind the “Defend the Core” approach is 

imple: focus resources first on preventative actions that retain 

cosystem services in Core Sagebrush Areas because they are more 

ost-effective and more likely to be successful. Cores serve as an-

hor points for conservation allowing land managers to be more 

ffective given the favorable landscape context. Given sufficient re- 

ources, managers are then encouraged to grow the core by imple-

enting targeted restoration in Growth Opportunity Areas. Finally, 

ctions in Other Rangeland Areas may be warranted to minimize 

atastrophic impacts of threats or restore other high-value resource 

reas. 

Papers within this special issue provide tools to create an ac-

ionable path for the “Defend the Core” strategy, helping us under- 

tand the conservation volume needed to be successful in fight- 

ng threats as well as an honest discussion on questions such as:

) Given current and/or potential increased conservation resources: 

here and how much Core can we successfully defend? 2) Where

nd how much Core can we grow from existing Growth Oppor-

unity and Other Rangeland Areas? 3) Can we be successful in de-

ending the remaining Core? 4) Given the rate of ecosystem change

nd current levels of ecosystem threats, which Other Rangeland Ar- 

as are unlikely to return to Cores? 

ey themes of the special issue 

This special issue of Rangeland Ecology and Management is 

edicated to applying the SCD to improve conservation outcomes 

cross the sagebrush biome in the face of pervasive ecosystem 

hreats. Through this collection of 20 peer-reviewed articles, au- 

hors leverage the SCD to explore potential futures for the sage-

rush biome, present spatial targeting tools to reduce threats 

ore effectively, illustrate how those tools can be applied to en-

ance planning and support monitoring, show the relevance of 

cosystem-based management for a variety of services and val- 

es, and discuss the importance and challenges of making the so-

ial change needed to save the biome from irreparable ecosystem 

osses. We have organized these papers into six themes to better
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Figure 3. Location: (A) and change over time in size and extent (B) of Core Sagebrush Areas, Growth Opportunity Areas, and Other Rangeland Areas from 2001–2020 within 

the sagebrush biome of the United States of America. Warm colors (Yellow, Orange, and Red) represent losses to the Biome. Shades of Green represent increases. Colors that 

stay the same between panels A and B represent no change in status. Credit: Doherty et al. (2022) . 

Figure 4. New spatial landcover products now make it possible to map the condition and degradation of sagebrush rangelands through space and time. The “Defend the 

Core” strategy leverages this technology to identify intact “cores” and emphasizes proactive management of these areas as a top priority ( NRCS 2020 ). Once preventative 

management has been provided to keep cores healthy, more aggressive restoration and management can then be implemented to grow cores through time. Credit: USDA- 

NRCS Working Lands for Wildlife. 
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rticulate the main points anticipated to support proactive ecosys-

em conservation. 

heme 1: Business-As-Usual Won’t Save the Sagebrush Sea 

We started the special issue with three papers focusing on

iome-wide ecosystem context. Collectively, the first three papers

ighlight that a “business-as-usual” strategy will not be success-

ul because the rate of losses drastically outpaces our ability to

eliver effective conservation under the current conservation tar-
eting regime. This section specifically provides insight into ques-

ions such as, “What are the trade-offs and consequences of the

tatus quo versus different strategic levels of conservation target-

ng?” To have a realistic vision for the biome grounded in sci-

nce, we need to frame the conservation problem on a biome-

ide scale. Mozelewski et al. (2024) contrast the ecological tra-

ectory of all biome losses with all conservation actions to im-

rove SEI. The authors empirically ask, “Can we Defend the Core

ith current allocations and spatial prioritization of effort?” They
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how the conservation community is off by orders of magnitude 

n closing the yearly conservation gap between the area of con-

ervation we are currently implementing vs. the annual area of 

cosystem lost each year. However, the authors then show how de-

isions in our control today on the allocation of effort, spatial tar-

eting, coordination with other existing programs, and new fund- 

ng sources like the Bipartisan Infrastructure Law (BIL; “H.R. 3684 

117th Congress: Infrastructure Investment and Jobs Act”) and In- 

ation Reduction Act (IRA; “H.R. 5376 – 117th Congress: Inflation 

eduction Act of 2022”), can close or come close to closing the

onservation gap over the next decade. Holdrege et al. (2024) show

hat climate change and associated climate-vegetation-fire interac- 

ions are likely to decrease the future extent of Core Sagebrush Ar-

as by 34%. Their results provide a long-term future perspective on

he sensitivity and sustainability of sagebrush habitats to climate 

hange that could inform strategies for climate adaptation and pri- 

ritization of conservation and restoration investments. For exam- 

le, they located the areas that have high SEI currently and are

rojected to have high SEI in the future. These climate-resilient lo-

ations may be used as anchors for long-term biome-wide strate- 

ies. Theobald et al. (2024) calculated the structural connectivity 

f the sagebrush ecosystem (SEI-C) for each year from 2001–2021. 

hey spatially identified the Core Sagebrush Areas, which form the 

onnectivity “backbone” of the ecosystem. Their analyses also show 

hat, much like SEI, structural connectivity has declined over the 

ast two decades, and focused conservation efforts are going to be

eeded to defend the backbones of the biome. 

heme 2: Better Spatial Targeting Can Improve Outcomes 

The goal of the second theme of the special issue is to high-

ight where conservation actions have higher probabilities of 

anagement success. The four papers in this theme help answer 

uestions such as, “How can I start to develop a strategy to defend

he cores in my area of interest?” Each of the papers within this

heme provides practical examples of how spatial ecology and 

hreat modeling for conifer encroachment, invasive annual grass, 

ropland conversion, and wildfire can be linked with the Defend

he Core framework to develop conservation strategies across 

ifferent scales. Reinhardt et al. (2024) develop a framework 

or identifying areas where targeted conifer management could 

roduce the greatest return on investment and have the least un-

esired impacts. Their analysis demonstrates how a collaboratively 

nformed decision analysis combining stakeholder values with 

patially explicit models using multi-criterion decision analyses 

as the potential to result in a “no regrets” conifer management

rioritization for the sagebrush biome. Boyd et al. (2024) present

 timely, relevant, and simple strategic management framework to 

egin to address invasive annual grasses, the single largest cause 

f ecosystem declines over the last two decades (69% of core

osses, see Fig. 2 ). Their strategy focuses on maintaining habitats

hat we can least afford to lose to invasive annual grasses and

mproving those habitats where success is most likely to regain

arge landscapes of core sagebrush rangelands. To help make this 

ramework actionable, they created spatial data showing the loca- 

ions of maintenance and improvement areas and locations of areas 

here restoration is not probable; thus, impacts from these areas 

n immediately adjacent areas should be mitigated. Bedrosian 

t al. (2024) quantify the cropland area of the sagebrush biome

nd identify where the highest quality sagebrush rangelands are 

ost at risk of future cropland conversion. The study found that

igher levels of cropland conversion risk were rare biome-wide 

nd generally clustered geographically, presenting an opportunity 

or strategically targeting easements on landscapes most at risk. 

ost notably, many areas of the northern Great Plains show high

oncentrations of future cropland risk. This paper also highlights 
he concept of an ecological neighborhood and how the permanent 

rotections of conservation easements on private lands can extend 

cological benefits to adjacent public lands. Lastly, Christ et al. 

2024) quantify the spatial overlap of Core Sagebrush Areas and 

rowth Opportunity Areas with annual wildfire burn probability 

ithin the sagebrush biome. They found that > 84% of CSA and

0% of GOAs were in the lowest burn probability classes. This

aper is the first to quantify the risk of fire in CSAs and GOAs,

howing that this risk is lower than fire risk across the rest of the

iome. The authors also found that the risk of fire is not spatially

niform; some priority areas in the Great Basin, such as Northern

evada and Southern Idaho, will require effective implementation 

f active fire management to remain viable sagebrush ecosystems 

nto the future. Conversely, investments in fire prevention may not 

e needed to defend core areas at very low risk of fire. 

heme 3: Conservation Planning Ensures Realistic Business Plans 

A common question that arises when new science is produced 

s: “How does our Agency or group align with the findings and

hat does this mean for our decision-making?” Developing a busi- 

ess plan can provide answers to important questions such as 

ow much high-priority land is available in good ecological con- 

ition, the level of risk faced by high-priority lands, the rate at

hich they are changing, and the amount of funding that is avail-

ble to address these issues. There are two papers within this

heme to provide examples of how to answer these questions. 

parklin et al. (2024) is the opening step in the technical trans-

er of the SCD to the entire U.S. National Park (NPS) and U.S. Fish

nd Wildlife Service (USFWS) Refuge System within the sagebrush 

iome. These analyses provide high-level insight into how these 

gencies can contribute to overall biome-wide effort s as well as

eeded context to internally prioritize effort s. For example, the au-

hors show that the cost of treating all conifer and invasive an-

ual grass within all refuges and parks is financially infeasible,

ut that focusing on the areas that have the highest SEI can de-

rease costs by an order of magnitude. They also show that the

PS has 98% of their Core Sagebrush Areas and Growth Opportu-

ity areas in 5 National Parks and the USFWS has 91% of their Core

agebrush Areas (CSA) and Growth Opportunity Areas (GOA) in 5 

efuges. Not all conservation groups employ spatial analysts dedi- 

ated to replicating the analyses of Sparklin et al. (2024) . Therefore,

limpi et al. (2024) , present a new online tool developed to sup-

ort the implementation of the SCD for planning and evaluation. 

he authors introduce a new freely available online user interface 

hat easily calculates the changes in CSA, GOAs, and ORAs through

ime, and that shows which components of SEI are causing the

hanges. This simple tool allows users to understand what volume 

f conservation is needed to defend the core at whichever spa-

ial scale is of interest, from biome-wide to regional management 

reas. 

heme 4: Targeted Ecosystem Management: Monitoring Shows 

anaging for Sagebrush Ecological Integrity is Working 

The fourth theme provides a template for program evaluation, 

ccountability, and monitoring of treatment effectiveness through 

he lens of SEI and the population response of a high-priority

ildlife species. Mozelewski et al. (2024) highlight the importance 

f effectiveness in treatments to the overall amount of core sage-

rush areas we will be able to maintain in the future. Ultimately,

hey show it is not dollars spent or acres treated that will lead

o an increase in Core Sagebrush Areas; it is effective conservation

ligning with an overarching strategic ecosystem vision . Therefore, 

onitoring and program evaluation to understand “are we doing, 

hat we think we are doing” will be needed. The three papers in

his theme aim to do just that. 
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ties. 
Naugle et al. (2024) demonstrate the utility of SCD in evaluat-

ng the efficacy of SGI for conserving Core- and Growth priorities

n private lands. They show that the NRCS was highly targeted,

aving either reversed (7 landscapes) or halted (2 landscapes) the

egradation of nine legacy landscapes from woodland expansion.

rom an adaptive management perspective, they also show that

GI needs to address annual invasive grasses in areas where

onifers were removed to maintain the integrity of initial invest-

ents (i.e., maintenance costs). Finally, they show that saturating

ore areas with the right conservation treatments can increase the

ffectiveness of resulting outcomes by 20%. 

Smith et al. (2024) use the SCD to demonstrate measurable in-

reases in ecological integrity and the response of invasive annu-

ls following conifer management in Idaho. This paper shows how

atellite imagery (Rangeland Analyses Platform and RCMAP) and

he response curves of the individual components that make up

EI (i.e., Q curves, Doherty et al. 2022 ) can be used to evaluate

trategic goals in legacy landscapes. 

In the original SCD paper, Doherty et al., (2022) demonstrate

hat populations of sage-grouse were stable within Core Sagebrush

reas during the last two decades. In the last paper of this sub-

ection, Coates et al. (2024) evaluate whether conservation treat-

ents aimed at increasing SEI also increase the population perfor-

ance of sage-grouse. This paper quantitatively shows that what is

ood for SEI is also good for sage-grouse. Furthermore, they show

hat certain management actions targeting the behavioral biology

f sage-grouse unrelated to SEI can also have a positive effect. This

esult shows that while managing for SEI is highly beneficial for

age-grouse, species-specific research, and conservation actions re- 

ain important needs. Papers within our fourth theme provide

ractable real-world examples of delivering conservation at volume,

onitoring outcomes, and providing recommendations based on 

rogram evaluation. 

heme 5: Maintaining Sagebrush Ecosystem Integrity is Ecologi-

ally Relevant 

The main objective of the SCD was to identify areas with high-

uality sagebrush habitats as measured by SEI. By quantitatively

efining and mapping the relative rankings of SEI for the biome

nd placing them in management classes the authors mapped

arge and functioning sagebrush landscapes with native perennial

rass understories and low levels of threats. In this special issue,

e have three new papers that dive deeper into the ecological rel-

vance of SEI. 

Prochazka et al. (2024) specifically link all components of SEI

o sage-grouse population trends across the species 11-state range.

his paper provides insight into how managing for components

hat make up SEI can increase sage-grouse populations and pro-

ides further evidence that managing for SEI is also good for sage-

rouse. This paper also highlights that while there has been an

verall population decline since Doherty et al. (2022) , populations

ere still stable within Core Sagebrush Areas and declining steeply

n both Growth Opportunity Areas (-22%) and Other Rangeland Ar-

as (-64%). Kumar et al. (2024) go on to link the abundance and

rends of sagebrush songbirds to SEI across the biome. Authors

how bird abundance is up to 10-fold higher in Core Sagebrush

reas than in Other Rangeland Areas. They also quantify a 58% de-

line in birds that accompanies the transition of Cores to ORAs in

he last two decades. O’Connor et al. (2024) wraps up this sec-

ion with a conceptual framework for measuring changes in car-

on security through the proactive management of Core Sagebrush

reas. 

The three papers in Theme 5 collectively provide further data

n ecosystem services that managing for SEI provides. These pa-

ers highlight that dichotomies such as managing for sage-grouse

s. SEI or enhancing Carbon Security vs. SEI are false. The ecolog-
cal relevance of SEI presented in this paper demonstrates there is

lenty of room for nuance and context to help balance ecological

oods and services with managing SEI because they are ultimately

omplementary strategies. 

heme 6: There is Only Hope if We Manage Change 

The first theme shows that business-as-usual won’t save the

agebrush sea, and this final theme offers four conceptual frame-

orks to stimulate the thought processes needed to create the

hange. Olsen et al. (2024) highlight that the adoption of new sci-

nce is often limited because current approaches to science deliv-

ry are regularly top-down, detached from on-the-ground realities,

nd disempowering because of the complexity of scientific prod-

cts and the lack of synthesis across studies. The authors present

 compelling framework for people working in technical transfer

nd extension to bridge the gap between emerging science and

n-the-ground practical realities. Wollstein et al. (2024) highlight

hat a focus on ecological importance alone will not result in the

hange ( Fig. 5 , Credit Wollstein et al. 2024 ). The authors devel-

ped a simple, but powerful conceptual framework to align eco-

ogical values guided by science with the social capacity needed

o deliver conservation. They go on to discuss the importance of

onducive administrative conditions needed to direct resources to

igh-priority areas and support the people doing the “dirt” work

y removing barriers to efficiency. Ultimately, ecological impor-

ance, social capacity, and conducive administrative conditions are

eeded to deliver conservation at scale and the absence of any

f the pillars may cause inefficiencies and could lead to failures.

emington et al. (2024) provides long-term perspectives on what

s required to make a significant change in the sagebrush system.

he authors are professionals who started their careers working in

he sagebrush as early as 1974. In addition to presenting practi-

al pathways forward, they make the point that the current con-

itions, which represent the best-case scenario based on the Sage-

rush Conservation Design’s (SCD) projections, still result in signifi-

ant losses of sagebrush ecological integrity compared to the early

0 0 0s, let alone the 1970s. Finally, Cahill (2024) shares his expe-

ience of managing change in the sagebrush and emphasizes the

eed for optimists and pessimists to work together to effectively

anage change. 

ifficult decisions lie ahead 

Prioritization of conservation and management actions is cru-

ial when there isn’t enough money to cover all necessary tasks.

nderstanding how people working at different scales think is

ey, because the spatial extent to which a person generally works

an strongly influence how an individual views biome-wide effort s

uch as the SCD. To foster communication, the team that devel-

ped this special issue also developed terminology to help people

orking at different extents better understand one another: Open

ecision Space & Defined Decision Space . Open Decision Spaces re-

er to large extents, such as the sagebrush biome or a State, that

re large enough that prioritization of areas and efforts is obvi-

usly needed. Open Decision Spaces are more likely to use the

CD to plan strategic allocation of effort and funds, discuss over-

ll strategies for the biome, and decide which locations are the

best” investments. Defined Decision Spaces refer to a smaller spa-

ial extent, such as a county, BLM field district, or other regional ar-

as with defined boundaries, such as a U.S. Fish & Wildlife Service

ational Wildlife Refuge or a park within the U.S. National Park

ystem. Managers and landowners within Defined Decision Spaces

re deeply passionate about their area and think more often about

ow they can move the needle within their work area than how

heir management areas align with national or biome-level priori-
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Figure 5. A framework to align ecological values with social capacity and management leadership to deliver conservation at volume (Credit Wollstein et al., Chapter 18, 2024 ). 

Conservation at scale requires all three pillars: Ecological Importance, Social Capacity, and Conducive Administrative Conditions. That is, strategic conservation involves not 

only work in ecologically important areas; it’s an approach that must also include efforts to support or enhance social capacity and conducive administrative conditions. 
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What is clear, is that if resources needed to implement all busi-

ess plans developed in Defined Decision Spaces are orders of 

agnitude greater than the resources available to allocate within 

pen Decision Spaces, hard choices on prioritizing effort s will have

o be made. In this special issue, Sparklin et al. (2024) demonstrate

hat both the U.S. National Park Service and U.S. Fish and Wildlife

ervice National Refuge System within the Sagebrush Biome will 

eed to prioritize areas to Defend the Core, because the status

nd trends of threats drastically exceed resources available to fight 

osses. Sparklin et al. (2024) provide an excellent example of how

o defend the core in the most important landscapes by prioritiz-

ng actions. As a community, There is benefit to a willingness to

rioritize certain areas to have the resources to say “yes” to facing

heir conservation challenges. However, in so doing, we must also 

cknowledge that other areas will be of lower priority. 

It’s critical to understand that both open and defined decision 

paces are ultimately needed and deference to either spatial scale 

s a folly. The social capacity and ecological expertise required

o deliver conservation projects are critical to achieving the re- 

uired conservation volume within Defined Decision spaces (see 

ollstein et al. 2024 ). We must also acknowledge that developing

n effective strategy requires understanding the context, vision, 

riority areas, and required resources (financial and logistical). It 

lso requires conducive administrative conditions for successful 

mplementation. Developing an effective strategy and creating 

onducive administrative conditions largely occur in the Open 

ecision Space. Currently, most conservation effort s are largely 

riven by ranking submitted field-based conservation projects that 

re not linked to an overarching strategy developed at a State

r Biome level. Mozelewski et al. (2024) showed us our current

usiness-as-usual approach to conservation resulted in a conser- 

ation gap that was multiple orders of magnitude larger than all

urrent conservation effort s across all St ate, Federal, and NGO

rganizations. 

Given the current ecosystem trajectory, it is evident that the 

esources required by all stakeholders in the biome are signifi-

antly larger than what is available in the most optimistic scenario

 Mozelewski et al. 2024 ). Consequently, a challenging decision that
 r
he community is confronted with is what to do in areas that are

f lower priority. New ideas from the climate change literature 

uggest there is a need to be more flexible in approches to ecosys-

em changes ( Schuurman et al. 2022 ). Instead of trying to resist all

hanges, accepting some functional changes or directing ecosystem 

rocesses towards a new state that may not match the historical

aseline condition could be more beneficial (aka, resist, accept, di- 

ect, RAD, Schuurman et al. 2022 ). This doesn’t mean the aban-

onment of lower-priority areas, but rather finding ways to create 

alue for society through them. The RAD framework represents a 

reakthrough because it acknowledges that managing ecosystems 

olely based on their historical dynamics may not always be pos-

ible due to limited resources and a lack of ecological conditions

eeded to do so. Managers in the sagebrush biome have initiated

 conversation on how to coexist with invasive annual grasses in

he sagebrush ecosystem, as mentioned in a recent study by Davies

t al. (2021) . The group’s fundamental idea is to accept that certain

reas cannot be restored, and instead, we must learn to adapt and

oexist with them. 

Although spatial prioritization of effort makes sense in concept, 

t is much easier for practitioners working in Open Decision Spaces

o acknowledge. Prioritizing landscapes allows for more success as 

esources can be targeted towards landscapes with a higher likeli- 

ood of achieving goals. Said another way, managers in Open Deci-

ion Spaces are not faced with the very hard decision to abandon

ghting in localized areas they are deeply passionate about. The 

hallenge of conservation arises when most of the Decision Space 

s in a reactive emergency care status (i.e., ambulance areas, see

ig. 4 ). In such cases, it may not be possible to restore historical

aseline conditions within those areas. 

ake-home messages 

The papers should be papers not paper supporting the six 

hemes within this special issue provides insight into how the 

CD can be implemented to save a biome. Theme 1 shows that

usiness-as-usual won’t work to save the sagebrush sea. Cur- 

ently, there are excellent examples of successful collaborative 
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artnerships in the biome working to reduce ecosystem threats

t watershed scales and larger (see case studies within Chapter A

nd in Chapter N of Part II of the WAFWA Conservation Strategy;

emington et al. 2024 ). However, the loss rates documented in the

CD (1.3 million acres per year, Doherty et al. 2022 ) and papers in

heme 1 ( Mozelewski et al. 2024 ; Holdrege et al. 2024 ; Theobald

t al. 2024 ) all indicate we will not be successful unless we

ave increased conservation capacity, a shared vision, coordinated

ctions, and are much more strategic in when, where, how, and

hether we resist changes at the biome scale. Further, decisions

ithin our control today on spatial targeting are the single most

mportant steps to close the conservation gap. Mozelewski et al.

2024) document we are currently invested in a reactive conser-

ation strategy (i.e., ambulance Fig. 4 ) with < 10% of the invasive

nnual grass and ∼23% of conifer treatment acres being targeted

owards preventative conservation and Defending the Core (i.e.,

tethoscope in Fig. 4 ). Unless we prioritize Defending the Core, we

annot expect that we will be successful in stopping losses of Core

agebrush Areas. 

Theme 2 shows how better spatial targeting can improve out-

omes and introduces four tools to help with spatial targeting.

hile Theme 1 shows changes to spatial targeting are needed to

elp close the conservation gap, Theme 2 presents practical anal-

ses of where those changes could occur to maximize uplift. Im-

roved spatial targeting goes well beyond using the tools pre-

ented here and could include localized models developed within

efined areas. Ultimately, the success of targeted ecosystem man-

gement will likely occur when managers align project-level de-

isions with the core concepts of the SCD (i.e., the strategic vi-

ion of Defend and Grow the Core) and the definition of success

hifts from project-level effectiveness (i.e., treatment success) to

trategic goal(s) evaluation of “Are we Defending and Growing the

ore.” Both the invasive annual grass ( Boyd et al. 2024 ) and conifer

 Reinhardt et al. 2024 ) papers took the novel step of taking the

creages identified within their respective highest priority areas

nd in just Core Sagebrush Areas asked how long it would take

o treat identified areas once. Using the most optimistic conserva-

ion scenario from Mozelewski et al. (2024) , the authors found it

ould take around a decade of focused effort. 

Theme 3 demonstrates how conservation planning is essen-

ial to develop realistic business plans. The largest point to take

ome from Theme 3 is that understanding the status and trends

f threats and desired traits within one’s management boundaries

s critical to developing a business plan grounded in data. This

oncept is critical as it demonstrates how aligning conservation

eeds across all defined decision spaces (USFWS refuges and Na-

ional Parks) with goals, objectives, and financial resources in an

pen decision space leads to realistic business plans. Sparklin et al.

2024) show how the USFWS and NPS would both need to priori-

ize in the open decision space (i.e., the Park and Refuge systems)

f their goal was to Defend the Core within the highest priority

agebrush refuges and parks. 

Theme 4 shows that targeted ecosystem management and mon-

toring are working. Overall, this special issue highlights that ef-

ective conservation needs to align with an overarching strategic

cosystem vision to guide treatments. The current best example

f large-scale habitat treatments that are guided by a strategic vi-

ion is the USDA Working Lands for Wildlife program led by the

RCS ( Natural Resources Conservation Service 2021a ). The NRCS

ound that when treatments were saturated into legacy landscapes,

hey saw a 20% increase in effectiveness in Defending the Core

 Naugle et al. 2024 ). These papers provide real examples of deliv-

ring conservation at volume, monitoring outcomes, and provid-

ng recommendations based on program evaluation. Importantly,

his theme also shows that satellite-based monitoring can be used
o understand treatment effectiveness as well as the longevity of

reatments (i.e., NRCS legacy landscapes maintenance costs). These

xamples provide hope, that despite major threats to the biome,

e have been successful, and we can be again at even larger

cales. 

Theme 5 provides further evidence of the ecological importance

f the SEI to sagebrush obligate songbirds, sage-grouse, and car-

on sequestration. We hope that the history of conservation in the

agebrush biome and finding common ground sections above cre-

te a compelling vision of why we need to move beyond single-

pecies management and myopic focus on single metrics such as

arbon counting. We also recognize that other priorities such as

ingle-species and a one-size-fits-all effort that solely relies on the

CD are not practical. The NRCS programmatic evaluation showed

RCS work primarily aimed at sage-grouse aligned with the SCD.

oth Coates et al. (2024) and Prochazka et al. (2024) show that

onservation actions geared towards SEI increased population per-

ormance of the Bi-State Sage-grouse and populations within Core

agebrush Areas are stable despite large range-wide declines. How-

ver, Prochazka et al. (2024) also indicates that understanding spe-

ific behavior responses would help manage human modification

o the biome. Ultimately, linking the current conceptual model of

EI or new conceptual models that link to other priority ecosystem

etrics that have shared value, such as water quality or riparian

reas, would help expand and refine the current SCD. 

The final theme clearly articulates more factors than ecology,

cience, or publications are essential to implement change within

he sagebrush biome. Making the science we have more action-

ble is critical to adoption, especially in the defined decision

pace where projects are implemented ( Olson et al. 2024 ). Sec-

nd, change management involves human social aspects, its not

ust ecology. Understanding and leading people are essential skills

o implement conservation and streamline the systems to fund and

oordinate conservation ( Wollstein et al. 2024 ; Remington et al.

024 ; Cahill 2024 ). 

Defending the Core is a powerful strategy that is already work-

ng to catalyze diverse stakeholders to work together to fight

hreats to the ecosystem in efforts such as the Cheatgrass Chal-

enge ( NRCS 2020 ). However, resistance to ecosystem change can-

ot be the only tool employed when trying to manage an en-

ire biome with a long-established invasive species problem ( Boyd

t al. 2024 ) during a rapidly changing climate ( Holdrege et al.

024 ; Schuurman et al. 2022 ). The special issue collectively artic-

lates that the status quo will not suffice and envisions a strategic

ame plan for attacking multiple ecosystem threats. The sagebrush

iome still has wide open places with high ecological integrity at

 scale that other ecological systems within the lower 48 states do

ot have ( Figs. 1–2 ). Therefore, Defending the Core and the SCD

re still viable strategies to find common ground among diverse

takeholders, and begin the conversations to organize the conser-

ation community to develop a shared plan to save the sagebrush

iome. 
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