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Abstract

:

In the North American Great Plains, multigenerational ranches and grassland biodiversity are threatened by dynamic and uncertain climatic, economic, and land use processes. Working apart, agricultural and conservation communities face doubtful prospects of reaching their individual goals of sustainability. Rangeland research could serve a convening platform, but experimental studies seldom involve local manager communities. The Collaborative Adaptive Rangeland Management (CARM) project, however, has undertaken a ten-year, ranch-level, participatory research effort to explore how community-engaged research can increase our understanding of conservation and ranching goals. Using ethnographic data and the nature-culture concept—which recognizes the inseparability of ecological relationships that are shaped by both biological and social processes—we examine the CARM team’s process of revising their management objectives (2016–2018). In CARM’s early days, the team established locally-relevant multifunctional goals and objectives. As team members’ understanding of the ecosystem improved, they revised objectives using more spatially, temporally and ecologically specific information. During the revision process, they challenged conventional ecological theories and grappled with barriers to success outside of their control. The emerging CARM nature-culture, based on a sense of place and grounded in hope, provides insights into effective community-engaged research to enhance rangeland livelihood and conservation outcomes.
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1. Introduction


This paper explores how community-engaged research efforts can increase mutual understanding of conservation and ranching production goals in working rangelands. Rangelands are uncultivated and/or extensively managed grazing lands that support culturally and biologically diverse social-ecological systems worldwide; they cover approximately 40–60% of the Earth’s terrestrial surface (Reid et al. 2008). Working rangelands of the US Western Great Plains include some of the last remaining intact shortgrass steppe in North America. This semi-arid ecosystem, at the driest and warmest edge of the Great Plains (Lauenroth and Burke 2008), provides crucial habitat for wildlife. This includes a suite of rapidly declining grassland bird species, about which the conservation community is increasingly concerned (Brennan and Kuvlesky 2005; North American Bird Conservation Initiative US Committee 2009). Multigenerational ranching communities also have an interdependent relationship with these working lands, a large portion of which are controlled by federal and provisional/state land management agencies (Figure 1). In many rangelands, conservation-production trade-offs drive conservation and agricultural groups into conflict (Sayre 2002; Sheridan 2007; White 2012; and Walker and Hurley 2004). Yet, evolutionary history makes the shortgrass steppe a potential common ground, because the ecosystem evolved with large herbivore grazing and depends on this ecological process to sustain biodiversity (Hart and Ashby 1998; Milchunas et al. 1988; Augustine and Derner 2012; Lauenroth and Burke 2008; and Porensky et al. 2017). Additionally, conservation interests and ranching communities share similar challenges to reaching their distinct goals, including highly variable weather and climate, and regional land-use conversion from grasslands to urban, cultivated, and industrial uses (Figure 1); (Haggerty et al. 2018; Gosnell and Abrams 2011; Gosnell et al. 2006; and Hamilton et al. 2016). In this study, we seek to describe goal setting in the Collaborative Adaptive Rangeland Management (CARM) project by a team of ranchers, conservationists, public agency employees, and researchers tasked with managing a ranch-scale research project.



1.1. Social and Ecological Context of the Shortgrass Steppe of Eastern Colorado


The CARM project is embedded in a complex conservation context that shapes how conservation and ranching stakeholders engage in shared management responsibility. The working landscapes of shortgrass steppe in the Western Great Plains face high levels of weather and grassland production variability (Figure 1) (Sala et al. 1988; and Derner et al. 2009). The resilience of these systems was shaped by fire, grazing by native large and small mammals, and highly variable precipitation over evolutionary time scales (Milchunas et al. 1988, 1989; Augustine and Derner 2012; and Knapp and Smith 2001). Thus, the shortgrass steppe is relatively tolerant of grazing and resilient to these ecological disturbances (Porensky et al. 2017a; and Milchunas and Lauenroth 1993). Today, the shortgrass steppe is largely managed by ranching families, including those with public land grazing permits, and by federal and state public land management agencies. Conservation in the region requires limiting conversion of rangelands to cultivated cropland or urban/exurban development, and restoring and reconnecting heterogeneous native prairie areas to benefit a suite of Great Plains grassland bird species (Fuhlendorf et al. 2012; Knopf 1994; and Parton et al. 2003). Some target bird species require habitats shaped by prairie dogs or fire (mountain plover, Charadrius montanus), or short-structured areas formed by large herbivore grazing (McCown’s longspur, Rhynchophanes mccownii). Other species rely on tall-structured or shrub dominated areas (lark bunting, Calamospiza melanocorys; grasshopper sparrow, Ammodramus savannarum; Brewer’s sparrow, Spizella brewer) (Derner et al. 2009; Augustine and Derner 2012; Samson and Knopf 1996; Augustine and Derner 2015; Knopf 1994; and Skagen et al. 2018). Despite recognition of the importance of restoring “pattern and process” to improve conservation outcomes (Fuhlendorf et al. 2012; Fuhlendorf and Engle 2001), conventional grazing practices often produce homogenous vegetation structure (Briske 2011). Forage production and vegetation diversity determine beef production outcomes for these ranching operations and are highly influenced by variable rainfall.



A working hypothesis in rangeland science predicts that loss of extensively managed private family ranches can result in conversion to land uses that remove ecological processes, in particular grazing by large herbivores, from the ecosystem (Brunson and Huntsinger 2008; Gosnell et al. 2006; and Charnley et al. 2014). This can occur due to conversion to cropland, exurban development, or alternatives to working rangelands, such as government-funded programs that restore grassland, but generally preclude ecological disturbance by grazing and fire (e.g., Conservation Reserve Program in the USA) (Brunson and Huntsinger 2008; Wallace et al. 2006; Charnley et al. 2014; and Knight 2007). A decline in rangeland resources can also shift the social capital of remaining ranching families, which may lead to a decline in rural community cohesion, and loss of rural aesthetic and financial resources (Tickamyer et al. 2017). Decision-making by family ranchers is viewed as an important driver of wildlife conservation outcomes for several reasons. First, private ranch land provides extensive areas of native rangeland and wildlife habitat, which family ranches have been shown to manage sustainably for generations (Brunson and Huntsinger 2008), particularly with moderate stocking rates in this grazing-adapted ecosystem (Hart and Ashby 1998; and Milchunas et al. 2008). Second, private land often connects tracts of public land, “stitching” habitat together across public-private boundaries that might otherwise fragment continuous habitat in the region (Charnley et al. 2014; Wallace et al. 2006). Third, ranchers and the ranching industry have traditionally been active in local, regional and national conservation and industry political processes, and are regarded as key stakeholders in the Western US context (Robbins 2006). Rangeland-based livestock production systems are an important economic sector in the Great Plains. Ranchers remain the foundation of early stages of beef and lamb production systems, raising calves, yearlings, and lambs on open rangeland until they are weaned for feeding or finished on grass.



Public land ranchers own and operate small to mid-sized cow-calf, yearling, or combined operations (running between ~25–300 head on the Pawnee National Grassland), and depend on the forage provided by native or restored rangelands for at least part of the growing season (May–October). Weaned calves or yearlings are marketed through video auction, private treaty or the local livestock auction, and conventionally go to a feed yard for finishing before slaughter. Cattle are typically of a Continental breed (Black and Red Angus, and Angus/Hereford crosses are most popular). Stocking rates vary with rainfall, though an average moderate stocking rate for the grazing season is typically ~0.6 animal unit months (AUM)·ha−1 (Augustine et al. 2017). These ranches rely on multi-generational local ecological knowledge and rural community networks to adapt to market and environmental changes over long-term planning horizons (Wilmer and Fernández-Giménez 2015). Increased demand for amenity ranch property and shifting economic prospects in rural areas can make ranch expansion and succession difficult or impossible (Munden-Dixon et al. 2018; Wilmer and Fernández-Giménez 2015; and Haggerty et al. 2018). Furthermore, shifting land ownership and community structure in ranching communities is predicted to reshape social capital across the region as operators adapt to changing climates (Briske et al. 2015; and Joyce et al. 2013). Additional ranch income in the region is often derived from off-ranch work, dryland small-grain farming, and from wind energy or oil and gas revenue.



Our study also takes place within the context of a diverse scientific community with a complex history. Rangeland research efforts in the region historically operated as social enclosures, keeping scientists in and manager communities out, so manager-researcher interactions were limited. Research began in 1939 at the Central Plains Experimental Range (CPER, operated by the USDA-Agricultural Research Service since 1953). Early efforts emphasizing small-scale, productivist work (Shoop et al. 1989). More recent, ranch-scale multifunctional investigations have addressed agro-ecological interactions. Despite an increasingly multifunctional perspective, knowledge end-users were kept at an arm’s length. Stakeholders were rarely directly included in the research process, or in the evaluation and application of research findings. Increased criticism of this science model and the resultant “science-management divide,” which pitted research evidence against manager experience in grazing management, erupted in a debate in the late 2000s (Briske et al. 2008; Teague et al. 2013; Roche et al. 2015; and Brunson and Burritt 2009). The Collaborative Adaptive Rangeland Management (CARM) project, described below, sought to mend this divide and pilot a different model of collaborative research, with direct and continued engagement of representatives from the ranching, conservation and government agency land manager communities, together with biophysical and social scientists in a long-term participatory research project.




1.2. The Collaborative Adaptive Rangeland Management Study


Formed in 2012, the CARM researcher and stakeholder team manages an experimental yearling cattle ranch on the Central Plains Experimental Range (a Long-Term Agro-ecosystem Research site in Nunn, CO, see: Spiegal et al. 2018) via collaborative adaptive management (CAM) (Hopkinson et al. 2017; Beratan 2014; and Susskind et al. 2012). Conceptually, the project incorporates collaborative decision-making and evidenced-based practices, in this case, within a broader experimental design (Armitage et al. 2009). The CARM project explicitly strives to offer useable findings for real-world management contexts outside of the experimental range, including interdisciplinary, multi-use management scenarios on nearby federal lands, and community-based, collaborative conservation efforts spanning multiple land ownership boundaries.



In 2012, the CARM researchers identified a group of 11 stakeholders, comprised of conservation, public agency, and ranching community representatives, and invited them to manage, together, a herd of yearling cattle grazing on ten (CARM) pastures, each 130 ha, at the CPER (Figure 2). The conservation organization representatives have expertise in wildlife and rangeland management and research. Public agency representatives are employees of state and federal agencies that manage publicly owned rangelands in the region, or advise rangeland managers in grazing decision-making. Rancher members are cow-calf, yearling, or cow-calf plus yearling ranchers and also members of the local grazing association, comprised of a community of local ranching families, and which holds a local Pawnee National Grassland grazing permit.



Since 2012, this group has worked with rangeland, social, wildlife, economic, and animal scientists to establish goals and objectives and make decisions for the spatio-temporal distribution of cattle grazing and prescribed burning. Together these researchers and stakeholders comprise the “CARM team,” though researchers do not vote. A comparison treatment, the Traditional Rangeland Management (TRM) treatment, is implemented simultaneously on a second set of ten 130 ha pastures paired in soils, topography, and vegetation composition characteristics to the CARM pastures. This treatment is not actively adaptively managed, but reflects the grazing management common across the region, specifically on the nearby Pawnee National Grassland, via season-long, continuous grazing at the same stocking rate as the CARM treatment (Bement 1969), and thus provides comparison data for CARM decision making.



The CARM group assembles at the CPER for decision-making meetings at least three times each year (typically January, April, and late October), and communicates virtually periodically between these meetings. They interpret monitoring data collected on CARM and TRM pastures by the researchers indicating progress toward objectives including: Plant species composition and production; temperature, precipitation, and soil moisture; cattle behavior, fecal quality, and average daily weight gains; and grassland bird nesting and abundance monitoring data. Researchers coordinate the meetings, which include field tours, presentations, data interpretation activities, and small group discussions to involve local and professional knowledge from the stakeholders. Researchers facilitate voting on proposed management actions. The group strives for full consensus, but its collectively determined operational rules require a 75% super majority of stakeholders to implement a proposed action.



CARM stakeholders make decisions about cattle grazing to control the density, sequence, and duration of pasture grazing and rest on CARM pastures. The spatio-temperal distribution of TRM cattle is constant. The CARM group also has control over the number of cattle and the use of prescribed burns. Any stocking rate shifts or burns implemented on CARM pastures are also implemented on TRM pastures to isolate spatio-temporal distribution of cattle as the main factor differing between the two treatments. Stakeholders may not change the type of cattle, the number of pastures, or the season of grazing for logistical reasons. In 2014, the CARM group decided to group all the yearlings into one herd and rotate them among pastures, striving to rest two pastures each year (for drought reserve and to benefit cool-season grasses) and to graze each pasture at a different time each year. Between 2014, when grazing treatments began, and 2018, the stakeholder group incrementally increased stocking rates from 214 head to 280 head. They also refined decision-making thresholds for moving the herd among pastures to deal with reduced cattle average daily gain in the CARM pastures, which was attributed to stock density (see Table 1 and pasture grazing records in Supplement A Tables A1 and A2). The group also implemented prescribed burns in 2014, 2016, and 2017 to enhance grassland bird habitat and forage quality (Figure 2). For more information on these decision-making processes, see (Wilmer et al. 2018b).




1.3. Goal and Objective Setting and Revision


In 2012, prior to baseline ecological data collection in 2013 and grazing treatment implementation in 2014, the CARM team met for the first time. With the help of a social scientist with knowledge of goal setting literature, they drafted an overarching management goal: “To pass the land on to future generations, economically and ecologically” (Figure 3). They established management objectives relating to wildlife (grassland birds), rangeland vegetation, and profitable ranching outcomes, and in 2016 added social learning objectives (Figure 3). Initial goals and objectives were influenced by the context of a severe drought in 2012, specifically in the desire for more non-shortgrass plant species, and were notably vague, lacking quantitative targets, metrics, or specific spatial and temporal scales for objectives. The vague nature of the goals was attributed by researchers to the groups’ need for additional baseline data (which was collected in 2013) and knowledge of the area’s variability before specific quantifiable objectives could be set. As the project continued, the group eventually agreed to work together toward all objectives even though some team members were more knowledgeable about or interested in outcomes of one subset of objectives (Wilmer et al. 2018b).



In 2017, the CARM team began revising the original 2012 management objectives. Stakeholder participant comments at meetings in 2016 noted that roughly drawn, vague objectives aiming to improve ecological outcomes everywhere, every year, were creating decision-making challenges for the team. In response to these comments, researchers initiated the process of revising vegetation and wildlife objectives in CARM. The aim of this revision process was to evaluate and apply lessons learned, in the spirit of the adaptive management literature (Allen and Gunderson 2011). Researchers cited literature that suggests data and experience-informed revision of original management objectives (double loop learning) improves management adaptation to uncertain and complex contexts (Argyris 1977; Fernández-Giménez et al. 2008). The team recognized that they were re-writing objectives when original objectives have not been met, and acknowledged that goal revision processes could be used to justify weakening environmental protection or improvement goals. While the group did not revise its overall goal, a series of team and subgroup meetings produced revised management objectives (Table 1), accompanied by specific targets and metrics (Supplement C). We examine these outcomes further in the findings section.





2. Natureculture Conceptual Lens


Investigating the process of developing rangeland management goals and objectives, as a focus of social research, requires a conceptual framing of human-nature relationships that moves beyond anthropo or eco-centric traditions (Glaser et al. 2008). As Lorimer (2012) argues, a growing emphasis on “multinatural” or “more than human” approaches to social sciences, by returning to questions of ontology, requires interdisciplinary inquiry of conservation and ecology in the Anthropocene era. The latter “represents the public death of the modern understanding of Nature removed from society” (Lorimer 2012, p. 1). Natural resource scholars increasingly recognize that complex links between humans and our environment preclude separate conceptualizations of “Nature” and “Culture” in the modernist sense (Latour 2012; Glaser et al. 2008). They have joined geographers and anthropologists in rejecting human-nature dualisms, seeking instead new tools to interrogate social reality and create opportunities to conserve multispecies thriving in an interconnected world (Huntsinger and Oviedo 2014; Roesch-McNally et al. 2018; Glaser et al. 2008, and Hruska et al. 2017). For example, the natureculture concept (Fuentes and Wolfe 2002; Haraway 2003; and Malone and Ovenden 2016) creates space for novel examinations of relationships between and among species and their environments.



The nature-culture concept recognizes the inseparability in ecological relationships that are formed through biophysical and social processes (Fuentes and Wolfe 2002; and Malone and Ovenden 2016), a tangled bond of nature with culture, and of biology and evolution with history (Haraway 2003, 2004). In selecting this framework, we seek a lens that offers an alternative to the human/nature, rational/emotional dualisms that have, for so long, limited the relationships between social and natural sciences. The human/nature divide has constrained rangeland systems research with ontological and epistemological incongruities, for example in recent debates about grazing management in the range science literature that pitted manager experience against positivist experimental evidence (see: Briske et al. 2008, 2011). Nature-culture thinking tackles the nature/culture divide explicitly via a consideration of (a) beyond-human agency; (b) manager responsibility to the natural world; and (c) consideration of relational ontologies, or “more-than-human” assemblages of interacting and co-existing species; (Haraway 2003; and Latour 2004). We engage with vital materialist ontology to explore “hybrid” or “cyborg” mixtures of human and non-human components and discuss social “response-ability”, or manager’s ability to adapt and relate to “flourishing” human-wildlife worlds (Haraway 2008; and Lorimer 2012).



Nature-culture provides a lens for interpreting how goals and objectives are constructed in the context of rangelands, where modernist agronomic approaches to land management fail (Sayre 2017) and productivist management goals have given way to multifunctional goals, or a combination of production, consumption, and protection priorities (Wilson 2007; and Holmes 2006). Nature-culture thinking allows social and biophysical scientists to consider the responsibility species have toward one another, and the role of multiple types of knowledge in shaping inter-species relations (De la Bellacasa 2010; Haraway 2008). In rangeland management, interspecies relations extend to the consideration of an entire agro-ecosystem, spanning various groups of managers, domestic livestock and managed wildlife populations, vegetation, and soil communities, and prevailing weather and climatic conditions, all at multiple spatio-temporal scales. Experience, emotion, and moral reasoning shape the culture of these multispecies relations, as they help individuals and social groups navigate biophysical processes and the decision-making of non-human agents (Plumwood 2006; Roesch-McNally et al. 2018; Ellis 2013; and Nightingale 2011). Given the need to interpret human-ecosystem relations as they relate to goals, we employ two key concepts to inform geographic and emotional specificity in the discussion of rangeland nature-cultures: A sense of place and hope.



Sense of place involves the meanings, emotions, and beliefs that tie individuals and communities to landscapes and multispecies networks (Chapin and Knapp 2015; Williams and Stewart 1998; and Masterson et al. 2017). Daily decision making for land managers—both ranchers and conservationists—depends upon working knowledge of geology, biology, ecology, climatology, and the dynamic and multi-scaled social, economic, and political context. This decision-making is situated in families, local social networks, religious practices, and in cultural traditions and history Knapp and Fernández-Giménez 2009). Management is living knowledge of place. For example, Marshall (2010) investigated the relationship between place attachment and resilience to climate variability for Australian ranchers, and showed that the most resilient, place-attached ranchers were also willing to use seasonal forecasts, and were employable, strategic, and financially secure. A sense of place may also serve as an important driver of stewardship and conservation ethic (Chapin and Knapp 2015).



Hope is “the will and the way” to achieve a different future (Snyder 1995). A goal-directed cognition, hope indicates important, socially acceptable goals that are under one’s control and have some probability of attainment (Averill et al. 2012). Hope provides a foundation of human learning and coping (Snyder 1995), and is distinct from optimism, which is a positive outcome expectancy that does not necessarily enable navigation of roadblocks to goal attainment (Scheier and Carver 1985; and Rand 2017). In natural resource management, hope influences how managers establish goals and adapt these to achieve a sense of progress (Snyder 1995).



Ranchers often identify as conservationists and business people and prioritize goals for long term sustainability and lifestyle (Wilmer and Fernández-Giménez 2015; and Smith and Martin 1972). Rancher decisions involve trade-offs between profitability and sustainability, often during stressful drought or variable market conditions (Kachergis et al. 2014). Such decisions can be intellectually and morally daunting, as well as emotionally exhausting. The goal of passing a ranch to the next generation is a common aspiration and indicator of ranch-system resilience to these challenges. For conservationists, in contrast, optimism is fleeting for the decline of grassland bird species in the Great Plains to be reversed, as bird surveys continue to indicate rapid population declines across many species (North American Bird Conservation Initiative US Committee 2009; Samson and Knopf 1996). Hobbs (2013) suggests that conservation practitioners and researchers experience a process of grief in addressing species loss. Finding hope to reverse biodiversity loss may be important to reenergizing conservation science and practice (Jackson 2006).



Below we apply natureculture thinking as an analytical lens for rangeland management. We describe in more detail how objectives for conservation and ranching were constructed and revised (after five years of management) by participants in the CARM study. We then discuss how this process reveals the development and practice of nature-culture in CARM, including a sense of place through the development of more place-specific knowledge, and hope, by finding a will and a way toward positive outcomes.




3. Methodology


We employed a constructivist grounded theory approach to our qualitative analysis because it provided a rigorous method for examining our largely qualitative data set and for building on current theory through iterative data collection and interpretation of social experience and meaning-making (Charmaz 2006). Our use of the nature-culture conceptual lens, however, required a direct engagement with the interrelated socially and biologically constructed reality of the CARM experience (Lorimer 2012). The CARM project involves ongoing interpretation of weather and seasonal climatic forecasts and biophysical monitoring data by stakeholders and researchers together, including: Grassland bird abundance and nesting behavior; vegetation structure, production, and composition; cattle behavior, dietary quality and weight gain; and eco-hydrological monitoring from the grazing experiment and from other research at CPER and beyond. Key monitoring results of annual and weekly indicators were posted on the project website (https://www.ars.usda.gov/plains-area/fort-collins-co/center-for-agricultural-resources-research/rangeland-resources-systems-research/docs/range/adaptive-grazing-management/research/). Progress toward management objectives was summarized by researchers at each quarterly meeting. While more in-depth examination of these ecological data will be published elsewhere, initial findings and interpretations were foundational to the social processes documented in this study. Our examination of interacting and interconnected biophysical and social data allowed us to engage more directly with questions of ontology in CARM and to counter-balance the anthropocentric aspects of our qualitative approach.



Qualitative Data Collection and Analysis


We focus on the revision processes of two key project objectives, both of which were first developed in 2012, in order to narrow our examination of the broad and data-rich CARM case and because the process of revising project objectives was staggered over several years. The vegetation objective aimed to increase plant species diversity and the production of cool-season mid-grasses (Table 1). This objective captured important aspects of both biodiversity conservation and grassland production for the CARM group. The second objective focused on wildlife, specifically the most threatened grassland songbird species on the project, the McCown’s longspur, which is a short-structured grassland obligate. Additional vegetation and wildlife objectives were developed, but have not yet undergone in-depth revisions. Profitable ranching objectives are slated for revision in 2018–2019.



Each CARM team meeting was audio recorded and subject to in-depth note taking. For this study, we collected field notes and transcripts of meetings between January 2017 (when the revision process for goals and objectives began) and April 2018, and organized these in a computer spreadsheet. This included notes from whole team meetings, researcher-only reflective meetings, and personal field notes submitted throughout the project by researchers to an online form. We separated qualitative data relating to: (1) Reflective or summary discussion, (2) meetings and text regarding the vegetation objective, and (3) meetings and text regarding the wildlife objective. This included the original and revised goals and objectives language (Table 1) from the official CARM planning document: The “Grazing Management Plan”.



We first identified major events and data products (e.g., Supplement A Tables A1 and A2, Supplement B) used in the revision process, and related these to literature, in order to select the nature-culture theoretical framework with which to evaluate the CARM experience. The first and second authors coded the transcripts via note taking within the spreadsheet to indicate both an interpretative summary of events and analytical notes in cells next to pertinent qualitative data. We compiled initial observations in a research memo and suggested two possible themes related to how CARM participants navigated and negotiated the objectives revision process. We identified these explanatory concepts as sense of place and hope. We explored these concepts with the other researchers and a subset of two stakeholders. At this time, project ecologists also provided insight into relevant biophysical data related to the objectives. We returned to the literature to refine our understanding of concepts of sense of place and hope, and their use in natural resource management, and the first author re-read the data and coded for specific examples and counter-examples of the hope and sense of place themes. We enhanced the trustworthiness of the data analysis by providing an audit trail of data synthesis, including direct quotes to inform reader interpretation, and by engaging in peer and member checking of key themes (Lincoln and Guba 1985, 1986). CARM participants gave informed consent to participate in social research regarding their decision-making via Colorado State University IRB Protocol 12-3381H. Qualitative data are provided in Supplement C.





4. Findings


4.1. Developing a Sense of Place


Through the early years of CARM and during the objectives revision process the team demonstrated growing attention to spatial, temporal, and theoretical specificities, including naming previously numbered CARM pastures (Figure 2). The team’s revision of the vegetation production and diversity objective illustrated this process. The revised vegetation objectives included different production targets on three distinct soil/site types across the landscape (Figure 2). This increased specificity was based on extensive discussions of the ecological concepts and processes that relate site characteristics to management aspirations. The team also incorporated more specific temporal dimensions into the revised objectives. They assessed previous research, indicating that stocking-rate driven changes in vegetation composition take multiple decades at the site (Porensky et al. 2017), and discussed whether objectives to increase vegetation diversity and production of forage grasses were achievable in the planned ten-year time span of the project. In this exchange during a subgroup meeting, a researcher (1) asked a public land management agency representative to consider time scales for vegetation objectives and received a candid response:


Researcher (R1) prompting stakeholders to decide the time scale for the revised objectives: “… You just mentioned time scale. What about time scale and making sure that’s in here?”



Agency representative (AR1) draws upon her professional knowledge of the ecosystem: “50 years.”



(All-Laughing)



AR1: “Seems most realistic out there.”







By indicating that change would take decades in this slow-changing ecosystem, this agency representative brought in her local professional knowledge to help ensure that the CARM objectives were realistic. Eventually, the team extended temporal targets for the project as long as possible, at the logistically and funding-constrained ten-year time span of the project, which encompassed a realistic management horizon for ranching families and agencies (Table 1; Supplement C). The team spent multiple meetings selecting appropriate targets that accounted for the range of precipitation variability at the site. The team ultimately set targets for cool-season grass production in relation to 2015, a year within memory that had exceptional production. Rationale for the cool-season-mid grass objectives included the importance of increasing seasonal forage production during shoulder times (starting and ending of the grazing season in this warm-season grass dominated ecosystem), providing wildlife habitat, and increasing the capacity for enhanced forage production in wet years.



The CARM team also examined conventional theoretical frameworks used in rangeland vegetation management relative to their growing spatial and temporal ecological knowledge. US federal public agencies have adopted resilience-based theories of vegetation dynamics illustrated with state-and-transition models (STMs), or conceptual diagrams that indicate hypothesized management-driven plant community change at specific sites (Westoby et al. 1989), as illustrated in Figure 4. Public agency stakeholders asked the team to revise species composition targets using existing STMs. However, STMs for the study site indicate assemblages of species and alternate states not currently present or observed previously at CPER. Further, some team members disagreed with the use of vegetation targets that were based on the STM’s “reference state” or “Historical Climax Plant Community”. Team members argued that the reference state did not properly describe the group’s desired conditions and failed to incorporate natural ecological disturbance regimes, climatic changes, or wildlife habitat needs. This was illustrated by an exchange during one meeting at which an agency representative and conservation group representative discussed the use and limitations of Ecological Site Descriptions (ESDs, which contain site-specific STMs) in the revised objectives:


Conservation group representative 1 (CGR1) clarified how the new vegetation objective differed from the original 2012 objective: “This [revised vegetation objective] is moving beyond cool-season grasses, and trying to have a clear objective, and it’s also then introducing the ESD [Ecological Site Description] as a reference point.”



Researcher 1: “Yes, [we are trying to develop] more specific objectives, including lessons learned with 4 plus years of data. You understand there’s a loamy, sandy and mixed [ecological site]. To take it one step further.”



Agency representative (AR1) clarified that the proposed revision included a reference plant community derived from the Ecological Site Description: “It’s introducing the reference state as a reference point.”



CGR1 expressed concern about the use of the reference plant community: “I don’t feel like that expresses, this one doesn’t express a value we would like.”



CGR2, agreed with AR1: “We would like to get, to get as close as we can to the reference condition.”



AR2, trying to understand why the reference plant community is needed in the revision: “Is this that cool-season grasses link to [cattle] weight gain?”



Researcher 2 (responding to AR2): “These states include cool-season grasses and more diverse plant composition.”



CGR1 (responding to CGR2): “That, I have a problem with that.”



CGR2: “You don’t want a more diverse plant community?”



CGR1: “I’ve been trained to be very skeptical of the reference states [in Ecological Site Descriptions]. And I have experience in this area and I’ve seen agency people without mentioning names push for reference states which are their opinion of Ecological Site Descriptions.”







The team voted to adopt revised vegetation objectives that did not include STMs as references but had more place-aware targets for production of cool-season forage species and plant biodiversity as two separate objectives. Groups of pastures managed under different targets are indicated on Figure 2.



A growing sense of place indicated by spatial, temporal and theoretical specificities, also informed the revision process for the wildlife objective. Team members assessed the site characteristics (vegetation composition, topography, and soil type) where the short-structure obligate bird, McCown’s longspur, had historically been found and discussed, where pastures were potential management targets (Supplement B). Debate centered on whether objectives should reflect ideal future conditions and result in the creation of as many pastures as possible for a species in steep decline, or strive for more pragmatic conditions that would prioritize management on two or three pastures where outcomes were most likely to be achieved, considering other objectives. One agency representative noted:


“The question is: are we creating this habitat in every pasture every year? On these three pastures? Or are we creating [habitat] on one of these three pastures every year?”







Stakeholders and researchers engaged with existing conservation theory, particularly heterogeneity-based management (Toombs et al. 2010; and Fuhlendorf et al. 2012) in relation to place-based knowledge of the CPER site. In several meetings, the team discussed the limitations of applying the general heterogeneity-based framework (see Figure 5) to the objectives without considering specific pasture characteristics, the broader land-use context, and relevant temporal scales. The exchange below among researchers and stakeholders illustrates how the group grappled with data, suggesting that long-term, heavy grazing may be needed to shift species composition, lower vegetation height, and create habitat for McCown’s longspur.


Researcher 1: “So how many years do we have to hit [heavy graze] it? If one year [does not create the habitat]. Do you think five years of hitting it?”



Conservation group representative: “These outliers? That are potential [longspur pastures]?”



Researcher 1: “Yeah, heavy graze Nighthawk [pasture] for McCown’s.”



Researcher 2: “I think 30–50 years of heavy, sustained grazing, every year.”



Agency representative: “I don’t know what you’re basing that off of.”



(Laughter)



Researcher 2: “That table I showed you earlier today.”



Agency representative: “So you’re saying, somehow, they’re, depicting species, so it has nothing to do with height. And they’re depicting the buffalo grass and blue grama.”



Researcher 2: “It has everything to do with height, but they know that species predicts height.”



This ecologist (“Researcher 2” above) discussed this in more depth later in the meeting:



“If you want to generalize that [vegetation] height is really important, and in many cases more important than the species composition. But once you get to know these rangelands you start to realize that how you manage over the long term, for particular compositional shifts, greatly affects height. You know? Managing with long-term sustained heavy grazing is the way you get into a blue grama [shortgrass] dominated state that will consistently give you more short vegetation. The more midgrasses [e.g., western wheat grass] you have the more that height’s going to fluctuate with rainfall.”







This challenged the view of some in the group that heterogeneity (and biodiversity) could be maximized by increasing plant diversity and cool-season plant production, and by “not grazing the same pasture the same way every year.” A conservation group representative expressed these challenges in reconciling theory with place-based knowledge in this way:


“I’m struggling between landscape scale objectives and pasture scale objectives. There are sometimes conflicts between the two. I’m not sure we have a decision framework for those two. Something in my ecological brain doesn’t like having a fixed plan for a fixed place. Maybe it is a time scale, or place. My knowledge of the ecosystem doesn’t like that.”







This “struggle” to apply to a ranch or pasture-scale theoretical framework for conservation that emphasizes landscape and regional scale patch dynamics appeared repeatedly throughout the qualitative data. Following the emerging “heterogeneity” school of rangeland management, original objectives indicated the team would strive to increase heterogeneity at every scale, at all times (Toombs et al. 2010). The strategy to achieve this was to rotationally graze eight pastures with a single herd of cattle, resting two different pastures each year, and the pasture sequence of grazing would not be similar from one year to the next. The team discussed lessons from CARM and long-term data from CPER indicating that the McCown’s longspur avoided pastures that had been rested the previous year, and preferred pastures with very short vegetation that had been shaped by multiple decades of heavy, season-long grazing. Data suggesting that the species of greatest conservation concern in the project required “a fixed plan for a fixed place” necessitated increased awareness and attention to pasture and ranch-scale spatial specificities.



The final proposed objectives included spatially and species-specific targets for grassland birds, as one conservation group representative articulated in discussion:


“I think we could do two things. Should we have a McCown’s longspur objective? I’m saying I would be for that. And the second is, I would rather it be a local objective, not a CPER wide [objective].”







During the first five years of CARM, stakeholders made several requests to increase the number of tours, pasture photos and maps to help interpret CARM outcomes. To enhance geographical knowledge, the team added annual field tours and increased geospatial data and map-based communications. In 2018, a stakeholder described the value of field time during quarterly CARM meetings to enhance their pasture-specific knowledge and understanding of ranch-scale context and changes. They lamented that their knowledge of place had been limited by a lack of time on-the-ground early in the project, as the 2012 objectives were written before the researchers conducted a baseline assessment (in 2013). Multigenerational rancher stakeholders, who had more local knowledge, boosted the group’s sense of place by sharing their experiences and observations with relative newcomers to the area.




4.2. Hope: A Will and a Way



“Look at the grassland birds that are declining in population. McCown’s, lark bunting, mountain plover and grasshopper sparrow. You don’t have to be a very good economist to see that these negatives are bad numbers. This didn’t make it to the Endangered Species list, but it could. What are we going to be doing on this project to counter that?”





During the objectives revision process, the researcher quoted the above synthesized information regarding the rate of grassland bird decline and prompted the CARM team to discuss what opportunities they had to make an impact on conservation, and to prevent the birds of interest from becoming subject to additional conservation regulations that might impede ranching operations. The team discussed limitations of weather, animal behavior, and external human activity related to grassland conversation to agriculture and development both in the Great Plains and in the Mexican wintering grounds of the migratory grassland species. At several points during the process, the team recognized that desired outcomes would be difficult or perhaps impossible to achieve because of the uncontrollable effect of these combined drivers. A rancher reflected on the long-term trends in grassland bird populations and questioned:


“Do we change our grazing management? Or do we not change our grazing management because there are no birds to come back?”







The team nonetheless moved forward to design aspirational goals, demonstrating a concept we coded as “responsibility to possibility” or the sense of responsibility and hope that framed their revision efforts. One conservation group representative stated:


“These birds are facing a long-term decline, it would take a long time to bring birds back. If we manage better, we could stabilize them if not increase them in places.”







The team developed the hypothesis “if you graze it, they may come,” (echoing a line from a popular movie) during the CARM meetings. This indicated the belief that they could improve prospects for the species by creating habitat, in the hope that habitat would lead to increased McCown’s longspur populations. A conservation group representative said:


“I’ve always been struck by this, the populations. When most of these birds go away, that’s so totally out of our control, in some ways. Having a habitat objective makes a lot of sense to me. I’m not opposed to saying something about the populations. But we can’t necessarily say that populations are improving or declining because of anything we’ve done. Whereas we can, if we are really focused on making sure we have a certain amount, whatever that amount is, of the right habitat, we can.”







In implementing the “if you graze it, they may come” idea, the team discussed how they could act for positive change, even if external factors (weather, farming and grazing practices, and exurban development) drive the species into further decline. One stakeholder, a public agency representative, reflected later that the CARM stakeholders hoped this positive change would gain recognition by managers outside the research project. They said: “the idea is that you set an example, and you hope that grows. You hope that whatever you can do, even on a small scale, people will recognize that, and it will spread.”



The importance of finding hope for better outcomes in CARM was particularly pronounced for researchers, who spent the most time with the data and were acutely aware of the consequences and limitations of CARM progress. In this capacity, they felt a strong responsibility to project outcomes and for how the objectives were written. A short exchange during a subgroup meeting between a researcher and two stakeholders illustrates this point:


Researcher (AR1): “Why not manage all of [these pastures for longspur]? It’s the rarest species in the whole landscape.”



Conservation group representative 1 (CGR1): “Yeah. Well, why not all of them, but we better make sure we’re focusing on those two [pastures] where most of the nests are.”



CGR2: “Why not all of them? Because that’s contradictory to some of our other goals. That’s why not all of them.”



Later, the same researcher reflected on this experience in this way:



“As a scientist I see the data first, I experience it when I’m doing point counts. But I wait, and after two years we show the decline at the meeting, and by then there is not much we can do, and I am so frustrated.”







In a group reflective session, the researchers noted that they were motivated to be involved in CARM because it offered a chance to make a positive impact in real conservation and production outcomes, both at the scale of the project and regionally, and to combine ecological and production-focused research efforts. One researcher reflected on the CARM experience:


“It is hard to take off the scientist control hat. We were brought up to have full control of experimentation. We usually take out variability, test clearly identified treatments in a hopefully replicated design. […] This is a more holistic approach with impact, where we can understand implications of trade-offs and synergies, to have that impact. But it is hard to sit in the back of the room and watch the train come off the tracks and have to be quiet …”







Another scientist echoed this sentiment, adding:


“I care about conservation and producers. That’s why I’m in this job. What excites me is it [CARM] is forcing us to be humble as scientists, and listen more, which is really important. I’m learning more about other people’s knowledges, and how they think about the world.”







Based on these reflections, the research team proposed guidelines for their involvement in CARM decision-making that allowed them to provide professional advice without becoming voting members (Supplement D). The team also discussed the need to work with an experienced facilitator to ensure that individual scientists could provide this advice outside of a facilitator role. Revising the scientists’ roles allowed them to explore explicitly their own professional, personal, and emotional sense of responsibility to management objectives.



This reflection prompted new insights, including that for researchers and other stakeholders, a key aspect of hope in CARM involved responsibility, or “the will” to act for a better future. A subset of team members described the view that the group should take responsibility to act in any way possible to improve outcomes for the longspur. One team member expressed concern that a spatial target for bird conservation was too small. He said, “Why don’t we have a more aspiration goal of what we’d like to see?” Another said:


“Some people wait until they know birds are in decline, or that grazing is impacting birds, and then they act. I assume that we should do something before we know for sure that they are declining. I assume we should act until we have good evidence that they are fine.”







They went on to describe what they saw as an “apathy of scale” in conservation, or the attitude that “someone else will deal with it” or that “conservation is beyond our control” because it is constrained by land use change or climate and weather. Proposed longspur objectives were presented at a full-team meeting in April 2018 with a rationale that identified the longspur as the species of “greatest conservation need in Colorado” and recognized barriers to success: “climatic trends, extreme weather events and changes in habitat outside the breeding grounds.”





5. Discussion


The themes of sense of place and hope illustrate a nature-culture developing among the CARM team as members come to know place—a specific landscape full of interacting wildlife, vegetation, livestock and human communities. The process reveals how the team found a will (taking responsibility for) and a way (via more place-specific objectives) to envision a path forward. This became an emotionally challenging and socially complex experience, for both stakeholders and scientists, as team members re-evaluated their roles in the project, the application of well-established theories for management, and their experiences as participants. Rather than opting just to maintain habitat or vegetation composition where possible, the team expressed hope by writing aspirational, but pragmatic objectives for improved management at CPER.



5.1. Advancing Goal Setting for Conservation and Ranching Outcomes


This analysis of the CARM team’s experiences illuminates how nature-culture develops to shape management objectives, a finding that has potential to advance collaborative conservation and management elsewhere. The team’s engagement with current theories in rangeland management, including State and Transition Models (STMs) and heterogeneity-based management, suggests that community-engaged research can build upon our understanding of current ecological theories and decision-support resources (Joshi et al. 2017; and Knapp et al. 2011). We find that the process of discussing and modifying these theories in relation to place-specific information helped the team develop a sense of place, which in turn enabled them to craft more relevant, achievable objectives. In practice, CARM participants from diverse backgrounds relied on STM or heterogeneity-based theories to envision desirable future rangeland conditions. Those using the STM framework sought to achieve a reference plant community, while those from the heterogeneity school sought to create landscape scale heterogeneity.



Those seeking to define vegetation objectives based on “reference states” desired plant communities that exhibited their full “potential” relative to a specific combination of climate, topographic and soil characteristics. The reference plant community was described as a diverse mix of productive, native forage species with multiple growth forms and structures. A “reference state” objective seeks conservation of soil and plant diversity. The paradigm of reference-state based goals dates back to early ecological theory and management of rangelands (Sayre 2017; Clements 1928; Dyksterhuis 1949; and Briske et al. 2018) and is interpreted as the desire for presumed pre-European conditions. This approach often implies that a removal or reduction of disturbance (grazing, fire) improves rangeland “condition” (Clements 1928; Twidwell et al. 2013). We recognize that the STM literature and many users and teachers of STM concepts have gone to lengths to clarify that managers should set site-specific objectives and that the “reference state” is not the de facto vegetation objective for every site; however, earlier Clementsian ecology did presume a desired condition, defined as an “historic climax plant community”. Our data show that managers’ practice of these concepts is still shaped by the idea that conservation is generally achieved by minimizing disturbance and managing for a conceptualization of “reference” conditions. The reference state paradigm supports the discourse that managers can “do well by doing good” for the rangeland plant community, and posits tight feedbacks between rangeland plant species composition and ranching outcomes from cattle grazing. In particular, shifting rangeland plant communities towards the so-called “reference state” is generally hypothesized to lead to improved long-term ranch sustainability or profitability.



In contrast, stakeholders approaching objective setting from the heterogeneity paradigm sought conservation outcomes for wildlife which they believed would benefit from increasing variability in vegetation height and density across the landscape (Toombs et al. 2010; and Fuhlendorf et al. 2012). These characteristics are typically created through the management of ecological processes such as fire and grazing by large herbivores. While biodiversity conservation is the main objective of this paradigm, recent literature (and a hypothesis in CARM) explores the potential for heterogeneity-based management to maintain or improve beef production outcomes, via creation of forage reserves across the landscape that enhance drought resilience for ranchers, or via patch burn grazing to manage the distribution of high-quality forage quality (Fuhlendorf and Engle 2004; and Derner and Augustine 2016).



The CARM team’s collaborative attempts to simultaneously employ both paradigms in one place revealed mismatches between the two theoretical frameworks at various temporal and spatial scales. In the vegetation objectives revision, those that sought a diverse “reference state” in all pastures faced opposition from those who sought heterogeneous rangeland composition and structure among pastures to support grassland bird habitat, particularly for shortgrass species. The fact that managers in CARM set out to use local STM reference conditions as baselines for their vegetation objectives, but ultimately created their own, place-based vegetation objectives that accounted for bird habitat requirements, indicates the importance of flexible, locally-relevant engagement with ecological theory coupled with explicit consideration of multiple management goals. Likewise, the challenges that the CARM group faced in engaging heterogeneity-based objectives, particularly for McCowns’ longspur, suggest that non-spatial, theoretical management paradigms will be difficult for managers to adopt until such paradigms are related to and grounded in place-based knowledge built over long timespans. From an ethnographic perspective, this illustrates the complex and difficult process of how the CARM group interpreted and applied knowledge of what was possible for conservation improvements at the site.



Our evaluation of the CARM project also provides insight into the challenges conservation groups and ranchers face from external drivers such as climate, economic and ecological change. Ongoing research on the feedbacks between rangeland management strategies and ecological outcomes across scales highlight these barriers. For example, long-term data from the Great Plains and globally have identified the role of climate change and weather in rangeland plant community composition change (Hoover et al. 2014; Augustine et al. 2017; and Fernández-Giménez and Allen-Diaz 1999). Management baselines are shifting due to warming, changing seasonal patterns, and increased carbon dioxide (Derner et al. 2018); thus, backward-looking management goals, such as the desire for pre-European conditions, are increasingly unrealistic (Perryman et al. 2018; Jorgenson et al. 2018). Economic research indicates the importance of variable weather, as well as fluctuating livestock markets, in limiting ranch profitability (Hamilton et al. 2016). This is a humbling prospect for ranching families, conservationists and researchers dedicated to intensifying agricultural production and improving conservation outcomes in the region. In the context of grassland bird conservation, urban development on migratory birds’ wintering grounds in Mexico may nullify any conservation efforts in the Western Great Plains near the CARM study site (Pool et al. 2014). In sum, management research and recommendations have potentially over-emphasized the power of particular grazing management strategies to produce different ecological outcomes in complex, stochastic rangeland management systems, even in the relatively slow-changing, semi-arid Western Great Plains (Wilmer et al. 2018a).




5.2. Fostering Hope and Sense of Place in Range Decision-Making


Our experience with CARM suggests that there is an increasing need to foster hope in public land managers for their ability to achieve conservation outcomes under high levels of uncertainty and with a lack of control over adjacent lands. What the CARM experience teaches us is that managers with hope and a sense of place are willing to try to achieve objectives that serve both conservation and production goals despite the variability and unpredictability of the ecosystem and management outcomes. CARM illustrates how community engagement in research can foster this responsibility to multispecies thriving by connecting manager communities to the landscape, and to one another. Managers from diverse backgrounds can effectively collaborate to develop and refine aspirational management objectives that work around the limitations of broader climate, biological and social drivers. Fostering knowledge of place and “a will and a way” to improve conservation outcomes may play a key role in overcoming these limitations to enhanced stewardship. Outside of the research context rangeland management for multiple goals often requires collaboration by diverse interests, and local manager knowledge can contribute to hopeful goal setting. Scholars of pastoralism have shown that herders worldwide, like US rangeland managers and the CARM stakeholder group, consciously and deliberately work within the bounds of “Nature”. For example, pastoralists use their knowledge of topography, animal behavior, social networks, climate and ecological processes to adapt to large swings in precipitation and extreme events through flexible approaches that match forage supply and quality with demand, maintaining animal well-being, and negotiating access to both natural and human resources (LaRocque 2014; Huntsinger et al. 2010; Fernández-Giménez and Estaque 2012; Reid et al. 2014; and Davis 2016).



Developing a sense of place and practicing multispecies responsibility within a grazing research project like CARM requires manager-inclusive research methods and a commitment to connecting communities and ecosystems. Outside of the research context, public agencies, and conservation groups facilitating collaborative rangeland management can seek to build connections to place by maximizing stakeholder time together on the landscape and access to decision-making responsibility. The CARM team will always be less connected to CPER and the shortgrass ecosystem than if they were living and working on the site together. Those who do not have a connection to ranching are particularly distanced from the physical and emotional labor, financial risk, and lifestyle reward of the industry, as are absentee land owners and many of the decision-makers in other collaborative management contexts. Our analysis suggests that connecting local stakeholder groups to the scientific process and to extensive rangeland landscapes through management responsibility enables them to begin to develop and practice a new rangeland nature-culture. Development of nature-culture emerged from a growing collective sense of place and hopeful choices that re-imagined better conservation outcomes on the landscape.



Place-based knowledge, as practiced by pastoralists and ranchers, shapes their identities, families, communities, and their ecological environments (Knapp and Fernández-Giménez 2009; Fernández-Giménez 2015; and Dong et al. 2016). Research interpreting rancher local knowledge is limited (Knapp and Fernández-Giménez 2009), yet research on local ecological knowledge in natural resources management generally suggests such place-based knowledge shapes and is shaped by emotional, religious, spiritual, social connections to and management of specific places (Masterson et al. 2017; Plumwood 2006; Fernández-Giménez 2015; and Fernández-Giménez and Estaque 2012; Robinson et al. 2000; Aswani et al. 2018). Ranchers’ local knowledge may also exist at scales that are different from those of research-derived knowledge and practice (Cote and Nightingale 2012). Knowledge built from prolonged management experience can be both deep—reflecting knowledge of ecological relationships and change over decades—and wide, spanning landscape scale social and ecological contexts (Kassam 2008). Evaluations of rangeland species composition across ranches with varying grazing strategies but culturally ubiquitous ranch goals for long-term viability showed that varied strategies could produce very similar results (Wilmer et al. 2018a). Perhaps local knowledge of experienced managers, particularly ranchers who operate with a hopeful outlook, can provide insights for the broader management community seeking to develop effective collaborative conservation efforts (Knapp and Fernández-Giménez 2009; Tuhiwai Smith 2013; Chapin and Knapp 2015; and Fernández-Giménez et al. 2006).





6. Conclusions


This investigation into the process of revising goals and objectives offers insights into effective adaptive management and planning at ranch, community and regional scales (Domínguez-Tejo and Metternicht 2018). The CARM experience suggests that a discussion of nature-culture thinking is an important next step for collaborative conservation and management planning, which may depend on a sense of place, and the responsibility decision-makers feel to multiple species. Developing individual and community sense of place requires extended experiential time on the landscape together, and learning from local managers, such as ranchers, especially early in the process and especially for recent arrivals to the local area (Fernández-Giménez et al. 2008). It also requires time for interpretation of theoretical and local geographical knowledge, and for knowledge of regional climate and social contexts beyond the area of interest. While biophysical science lacks the reflexive tradition of qualitative research (Opie 1992), explicit discussions of the roles of researchers as facilitators versus investigators may expedite goal setting and enhance researchers’ awareness of their own subjective interpretation of management objectives (Hall et al. 2018). The contribution of an experienced facilitator should not be undervalued in this process.



Community-engaged research and collaborative conservation efforts will also benefit from opportunities to develop and practice hope—the thought process of effective goal setting and attainment (Rand 2017)—and shared moral and cultural aspirations for responsibility to multispecies thriving. Adapting Snyder’s (1995) recommendations, hope may be nurtured through celebrations of past success, story-telling, reflection on achievements and setbacks, and efforts to cultivate interdisciplinary conversations about moral and ethical aspects of goal setting and responsibility. These processes should explicitly consider team members from all backgrounds, including researchers and facilitators in non-voting roles. Our experience in CARM suggests that effective collaborative research and management requires more than just attention to the process and scientific methods. It also relies on effective collaborative goal and objective development, the equally important processes by which managers identify and define their own capacity and motivation to participate in responsible nature-culture.








Supplementary Materials


The following are available online at http://www.mdpi.com/2076-0760/8/1/22/s1, Supplement A: Historical management treatments of the CARM herd, Supplement B: McCown’s longspur factsheet, Supplement C: Qualitative data for CARM objectives revision process.





Author Contributions


Conceptualization, J.D.D., D.J.A., H.W.; Methodology, H.W., M.E.F.-G., J.P.R.; Formal Analysis and Investigation:, H.W., L.M.P., J.P.R., J.D.D., D.J.A., D.P.P.; Resources, J.D.D.; Writing–Original Draft Preparation, H.W., L.M.P.; Writing–Review & Editing, H.W., L.M.P., M.E.F.-G., D.J.A., D.P.P.; Visualization, H.W.




Funding


This research was funded by the United States Department of Agriculture Agricultural Research Service and USDA-NIFA grant 2005-67019-23009.




Acknowledgments


Thank you the CARM project stakeholders for their ongoing contributions. Thanks also to Nick Dufek, Sam Gersie, Melissa Johnston, Jasmine Bruno, Kristin Davis, Michelle Olsgard Stewart and Nicole Kaplan for technical support with data collection and organization. Thank you to David D. Briske and Caitlin Rottler for reviewing an earlier version of the manuscript and to Caridad Souza for theoretical guidance.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Allen, Craig R., and Lance H. Gunderson. 2011. Pathology and Failure in the Design and Implementation of Adaptive Management. Journal of Environmental Management 92: 1379–84. [Google Scholar] [CrossRef] [PubMed]

	



Argyris, Chris. 1977. Double Loop Learning in Organizations. Harvard Business Review 55: 115–25. [Google Scholar]

	



Armitage, Derek R., Ryan Plummer, Fikret Berkes, Robert I. Arthur, Anthony T. Charles, Iain J. Davidson-Hunt, Alan P. Diduck, Nancy C. Doubleday, Derek S. Johnson, Melissa Marschke, and et al. 2009. Adaptive Co-Management for Social—Ecological Complexity. Frontiers in Ecology and the Environment 7: 95–102. [Google Scholar] [CrossRef]

	



Aswani, Shankar, Anne Lemahieu, and Warwick H. H. Sauer. 2018. Global Trends of Local Ecological Knowledge and Future Implications. PLoS ONE 13: e0195440. [Google Scholar] [CrossRef] [PubMed]

	



Augustine, David J., Justin D. Derner, Daniel Milchunas, Dana Blumenthal, and Lauren M. Porensky. 2017. Grazing Moderates Increases in C3grass Abundance over Seven Decades across a Soil Texture Gradient in Shortgrass Steppe. Journal of Vegetation Science 28: 562–72. [Google Scholar] [CrossRef]

	



Augustine, David J., and Justin D. Derner. 2012. Disturbance Regimes and Mountain Plover Habitat in Shortgrass Steppe: Large Herbivore Grazing Does Not Substitute for Prairie Dog Grazing or Fire. The Journal of Wildlife Management 76: 721–28. [Google Scholar] [CrossRef]

	



Augustine, David J., and Justin D. Derner. 2015. Patch-Burn Grazing Management, Vegetation Heterogeneity, and Avian Responses in a Semi-Arid Grassland. The Journal of Wildlife Management 79: 927–36. [Google Scholar] [CrossRef]

	



Averill, James R., George Catlin, and Kyum K. Chon. 2012. Rules of Hope. New York: Springer Science & Business Media. [Google Scholar]

	



Bement, Robert E. 1969. A Stocking-Rate Guide for Beef Production on Blue-Grama Range. Journal of Range Management, 83–86. [Google Scholar] [CrossRef]

	



Beratan, Kathi K. 2014. Summary: Addressing the Interactional Challenges of Moving Collaborative Adaptive Management from Theory to Practice. Ecology and Society 19. [Google Scholar] [CrossRef]

	



Brennan, Leonard A., and William P. Kuvlesky. 2005. North American Grassland Birds: An Unfolding Conservation Crisis? The Journal of Wildlife Management 69: 1–13. [Google Scholar] [CrossRef]

	



Briske, D. D., B. T. Bestelmeyer, T. K. Stringham, P. L. Shaver, D. D. Briske, B. T. Bestelmeyer, T. K. Stringham, and P. L. Shaver. 2017. Recommendations for Development of Resilience-Based State-and-Transition Models. Rangeland Ecology & Management 61: 359–67. [Google Scholar] [CrossRef]

	



Briske, D. D., S. D. Fuhlendorf, and F. E. Smeins. 2018. Vegetation Dynamics on Rangelands: A Critique of the Current Paradigms. Journal of Applied Ecology 40: 601–14. [Google Scholar] [CrossRef]

	



Briske, David D., ed. 2011. Conservation Benefits of Rangeland Practices: Assessment, Recommendationas and Knowledge Gaps. Lawrence: Allan Press. [Google Scholar]

	



Briske, David D., J. D. Derner, J. R. Brown, S. D. Fuhlendorf, W. R. Teague, K. M. Havstad, R. Li Gillen, Andrew J. Ash, and W. D. Willms. 2008. Rotational Grazing on Rangelands: Reconciliation of Perception and Experimental Evidence. Rangeland Ecology & Management 61: 3–17. [Google Scholar]

	



Briske, David D., Linda A. Joyce, H Wayne Polley, Joel R Brown, Klaus Wolter, Jack A. Morgan, Bruce A McCarl, and Derek W Bailey. 2015. Climate-Change Adaptation on Rangelands: Linking Regional Exposure with Diverse Adaptive Capacity. Frontiers in Ecology and the Environment 13: 249–56. [Google Scholar] [CrossRef]

	



Briske, David D., Nathan F. Sayre, Lynn Huntsinger, Maria Fernández-Giménez, Bob Budd, and Justin D. Derner. 2011. Origin, Persistence, and Resolution of the Rotational Grazing Debate: Integrating Human Dimensions into Rangeland Research. Rangeland Ecology & Management 64: 325–34. [Google Scholar]

	



Brunson, Mark W., and Elizabeth A. Burritt. 2009. Behavioral Factors in Rotational Grazing Systems. Rangelands 31: 20–25. [Google Scholar] [CrossRef]

	



Brunson, Mark W., and Lynn Huntsinger. 2008. Ranching as a Conservation Strategy: Can Old Ranchers Save the New West? Rangeland Ecology & Management 61: 137–47. [Google Scholar]

	



Chapin, F. Stuart, and Corrine N. Knapp. 2015. Sense of Place: A Process for Identifying and Negotiating Potentially Contested Visions of Sustainability. Environmental Science & Policy 53: 38–46. [Google Scholar]

	



Charmaz, Kathy. 2006. Constructing Grounded Theory: A Practical Guide through Qualitative Analysis. Thousand Oaks: Sage. [Google Scholar]

	



Charnley, Susan, Thomas E. Sheridan, and Gary P. Nabhan. 2014. Stitching the West Back Together: Conservation of Working Landscapes. Chicago: University of Chicago Press. [Google Scholar]

	



Clements, Frederic E. 1928. Plant Succession and Indicators. New York: Hafner Press, London: Collier Macmillan Publishers. [Google Scholar]

	



North American Bird Conservation Initiative US Committee. 2009. The State of the Birds, United States of America, 2009; Washington: US Department of Interior, vol. 5.

	



Cote, Muriel, and Andrea J. Nightingale. 2012. Resilience Thinking Meets Social Theory: Situating Social Change in Socio-Ecological Systems (SES) Research. Progress in Human Geography 36: 475–89. [Google Scholar] [CrossRef]

	



Davis, Diana K. 2016. Political Economy, Power, and the Erasure of Pastoralist Indigenous Knowledge in the Maghreb and Afghanistan. In Ethnic and Cultural Dimensions of Knowledge. Edited by Peter Meusburger, Tim Freytag and Laura Suarsana. Cham: Springer International Publishing, pp. 211–28. [Google Scholar] [CrossRef]

	



Derner, Justin, David Briske, Matt Reeves, Tami Brown-Brandl, Miranda Meehan, Dana Blumenthal, William Travis, David Augustine, Hailey Wilmer, Derek Scasta, and et al. 2018. Vulnerability of Grazing and Confined Livestock in the Northern Great Plains to Projected Mid- and Late-Twenty-First Century Climate. Climatic Change 146: 19–32. [Google Scholar] [CrossRef]

	



Derner, Justin D., and David J. Augustine. 2016. Adaptive Management for Drought on Rangelands. Rangelands 38: 211–15. [Google Scholar] [CrossRef]

	



Derner, Justin D., William K. Lauenroth, Paul Stapp, and David J. Augustine. 2009. Livestock as Ecosystem Engineers for Grassland Bird Habitat in the Western Great Plains of North America. Rangeland Ecology & Management 62: 111–18. [Google Scholar]

	



Domínguez-Tejo, Elianny, and Graciela Metternicht. 2018. Poorly-Designed Goals and Objectives in Resource Management Plans: Assessing Their Impact for an Ecosystem-Based Approach to Marine Spatial Planning. Marine Policy 88: 122–31. [Google Scholar] [CrossRef]

	



Dong, Shikui, Karim-Aly S. Kassam, Jean François Tourrand, and Randall B. Boone. 2016. Building Resilience of Human-Natural Systems of Pastoralism in the Developing World. Edited by Shikui Dong, Karim-Aly S. Kassam, Jean François Tourrand and Randall B. Boone. Switzerland: Springer. [Google Scholar] [CrossRef]

	



Dyksterhuis, E. J. 1949. Condition and Management of Range Land Based on Quantitative Ecology. Journal of Range Management 2: 104–15. [Google Scholar] [CrossRef]

	



Ellis, Colter. 2013. The Symbiotic Ideology: Stewardship, Husbandry, and Dominion in Beef Production. Rural Sociology 78: 429–49. [Google Scholar] [CrossRef]

	



Fernández-Giménez, Maria E. 2015. ‘A Shepherd Has to Invent’: Poetic Analysis of Social-Ecological Change in the Cultural Landscape of the Central Spanish Pyrenees. Ecology and Society 20. [Google Scholar] [CrossRef]

	



Fernández-Giménez, María E., and Federico Fillat Estaque. 2012. Pyrenean Pastoralists’ Ecological Knowledge: Documentation and Application to Natural Resource Management and Adaptation. Human Ecology 40: 287–300. [Google Scholar] [CrossRef]

	



Fernández-Giménez, Maria E., and Barbara Allen-Diaz. 1999. Testing a Non-Equilibrium Model of Rangeland Vegetation Dynamics in Mongolia. Journal of Applied Ecology 36: 871–85. [Google Scholar] [CrossRef]

	



Fernández-Giménez, Maria E., Henry P. Huntington, and Kathryn J. Frost. 2006. Integration or Co-Optation? Traditional Knowledge and Science in the Alaska Beluga Whale Committee. Environmental Conservation 33: 306–315. [Google Scholar] [CrossRef]

	



Fernández-Giménezz, Maria E., Heidi L. Ballard, and Victoria E. Sturtevant. 2008. Adaptive Management and Social Learning in Collaborative and Community-Based Monitoring: A Study of Five Community-Based Forestry Organizations in the Western USA. Ecology and Society 13. [Google Scholar]

	



Fuentes, Agustin, and Linda D. Wolfe. 2002. Primates Face to Face: The Conservation Implications of Human-Nonhuman Primate Interconnections. Cambridge: Cambridge University Press, vol. 29. [Google Scholar]

	



Fuhlendorf, S. D., and D. M. Engle. 2004. Application of the Fire—Grazing Interaction to Restore a Shifting Mosaic on Tallgrass Prairie. Journal of Applied Ecology 41: 604–14. [Google Scholar] [CrossRef]

	



Fuhlendorf, Samuel D., and David M. Engle. 2001. Restoring Heterogeneity on Rangelands: Ecosystem Management Based on Evolutionary Grazing Patterns: We Propose a Paradigm That Enhances Heterogeneity Instead of Homogeneity to Promote Biological Diversity and Wildlife Habitat on Rangelands Grazed by Livestock. AIBS Bulletin 51: 625–32. [Google Scholar]

	



Fuhlendorf, Samuel D., David M. Engle, R. Dwayne Elmore, Ryan F. Limb, and Terrence G. Bidwell. 2012. Conservation of Pattern and Process: Developing an Alternative Paradigm of Rangeland Management. Rangeland Ecology & Management 65: 579–89. [Google Scholar]

	



Glaser, Marion, Gesche Krause, Beate Ratter, and Martin Welp. 2008. Human/Nature Interaction in the Anthropocene Potential of Social-Ecological Systems Analysis. Gaia-Ecological Perspectives for Science and Society 17: 77–80. [Google Scholar] [CrossRef]

	



Gosnell, Hannah, and Jesse Abrams. 2011. Amenity Migration: Diverse Conceptualizations of Drivers, Socioeconomic Dimensions, and Emerging Challenges. GeoJournal 76: 303–22. [Google Scholar] [CrossRef]

	



Gosnell, Hannah, Julia H. Haggerty, and William R. Travis. 2006. Ranchland Ownership Change in the Greater Yellowstone Ecosystem, 1990–2001: Implications for Conservation. Society and Natural Resources 19: 743–58. [Google Scholar] [CrossRef]

	



Haggerty, Julia H., Mason Auger, and Kathleen Epstein. 2018. Ranching Sustainability in the Northern Great Plains: An Appraisal of Local Perspectives. Rangelands 40: 83–91. [Google Scholar] [CrossRef]

	



Hall, Kara L., Amanda L. Vogel, Grace C. Huang, Katrina J. Serrano, Elise L. Rice, Sophia P. Tsakraklides, and Stephen M. Fiore. 2018. The Science of Team Science: A Review of the Empirical Evidence and Research Gaps on Collaboration in Science. American Psychologist 73: 532–48. [Google Scholar] [CrossRef]

	



Hamilton, Tucker W., John P. Ritten, Christopher T. Bastian, Justin D. Derner, and John A. Tanaka. 2016. Economic Impacts of Increasing Seasonal Precipitation Variation on Southeast Wyoming Cow-Calf Enterprises. Rangeland Ecology & Management 69: 465–73. [Google Scholar]

	



Haraway, D. J. 2004. The Haraway Reader. New York: Routledge. [Google Scholar]

	



Haraway, Donna Jeanne. 2003. The Companion Species Manifesto: Dogs, People, and Significant Otherness. Chicago: Prickly Paradigm Press Chicago. [Google Scholar]

	



Haraway, Donna Jeanne. 2008. When Species Meet. Minneapolis: U of Minnesota Press. [Google Scholar]

	



Hart, Richard H., and Mary M. Ashby. 1998. Grazing Intensities, Vegetation, and Heifer Gains: 55 Years on Shortgrass. Journal of Range Management, 392–98. [Google Scholar] [CrossRef]

	



Hobbs, Richard J. 2013. Grieving for the Past and Hoping for the Future: Balancing Polarizing Perspectives in Conservation and Restoration. Restoration Ecology 21: 145–48. [Google Scholar] [CrossRef]

	



Holmes, John. 2006. Impulses towards a Multifunctional Transition in Rural Australia: Gaps in the Research Agenda. Journal of Rural Studies 22: 142–60. [Google Scholar] [CrossRef]

	



Hoover, David L., Alan K. Knapp, and Melinda D. Smith. 2014. Resistance and Resilience of a Grassland Ecosystem to Climate Extremes. Ecology 95: 2646–56. [Google Scholar] [CrossRef]

	



Hopkinson, Peter, Ann Huber, David S Saah, John J Battles, Lawrence Susskind, Alejandro E Camacho, and Todd Schenk. 2017. A Word to the Wise: Advice for Scientists Engaged in Collaborative Adaptive Management. Journal of Applied Ecology 59: 752–61. [Google Scholar] [CrossRef] [PubMed]

	



Hruska, Tracy, Lynn Huntsinger, Mark Brunson, Wenjun Li, Nadine Marshall, José L Oviedo, and Hilary Whitcomb. 2017. Rangelands as Social—Ecological Systems. In Rangeland Systems. Edited by David D. Briske. Cham: Springer, pp. 263–302. [Google Scholar]

	



Huntsinger, Lynn, Larry C Forero, and Adriana Sulak. 2010. Transhumance and Pastoralist Resilience in the Western United States. Pastoralism: Research, Policy, and Practice 1: 1–15. [Google Scholar]

	



Huntsinger, Lynn, and JoséL Oviedo. 2014. Ecosystem Services Are Social—Ecological Services in a Traditional Pastoral System: The Case of California’s Mediterranean Rangelands. Ecology and Society 19. [Google Scholar] [CrossRef]

	



Jackson, Jerome A. 2006. Ivory-Billed Woodpecker (Campephilus Principalis): Hope, and the Interfaces of Science, Conservation, and Politics. The Auk 123: 1–15. [Google Scholar] [CrossRef]

	



Jorgenson, Andrew K, Shirley Fiske, Klaus Hubacek, Jia Li, Tom McGovern, Torben Rick, Juliet B Schor, William Solecki, Richard York, and Ariela Zycherman. 2018. Social Science Perspectives on Drivers of and Responses to Global Climate Change. Wiley Interdisciplinary Reviews: Climate Change 10: e554. [Google Scholar] [CrossRef]

	



Joshi, Omkar, Terrie A Becerra, David M Engle, Samuel D Fuhlendorf, and R Dwayne Elmore. 2017. Factors Affecting Public Preferences for Grassland Landscape Heterogeneity in the Great Plains. Environmental Management 60: 922–30. [Google Scholar] [CrossRef]

	



Joyce, Linda A, David D Briske, Joel R Brown, H Wayne Polley, Bruce A McCarl, and Derek W Bailey. 2013. Climate Change and North American Rangelands: Assessment of Mitigation and Adaptation Strategies. Rangeland Ecology & Management 66: 512–28. [Google Scholar]

	



Kachergis, Emily, Justin D Derner, Bethany B Cutts, Leslie M Roche, Valerie T Eviner, Mark N Lubell, and Kenneth W Tate. 2014. Increasing Flexibility in Rangeland Management during Drought. Ecosphere 5: 1–14. [Google Scholar] [CrossRef]

	



Kassam, Karim-Aly. 2008. Diversity as If Nature and Culture Matter: Bio-Cultural Diversity and Indigenous Peoples. The International Journal of Diversity in Organisations, Communities and Nations 8: 87–95. [Google Scholar] [CrossRef]

	



Knapp, Alan K, and Melinda D Smith. 2001. Variation among Biomes in Temporal Dynamics of Aboveground Primary Production. Science 291: 481–84. [Google Scholar] [CrossRef]

	



Knapp, Corrine N, Maria E Fernandez-Gimenez, David D Briske, Brandon T Bestelmeyer, and X Ben Wu. 2011. An Assessment of State-and-Transition Models: Perceptions Following Two Decades of Development and Implementation. Rangeland Ecology & Management 64: 598–606. [Google Scholar][Green Version]

	



Knapp, Corrine Noel, and Maria E Fernández-Giménez. 2009. Knowledge in Practice: Documenting Rancher Local Knowledge in Northwest Colorado. Rangeland Ecology & Management 62: 500–9. [Google Scholar]

	



Knight, Richard L. 2007. Ranchers as a Keystone Species in a West That Works. Rangelands 29: 4–9. [Google Scholar] [CrossRef]

	



Knopf, Fritz L. 1994. Avian Assemblages on Altered Grasslands. Studies in Avian Biology 15: 247–57. [Google Scholar]

	



De la Bellacasa, Maria. 2010. Ethical Doings in Naturecultures. Ethics, Place and Environment 13: 151–69. [Google Scholar] [CrossRef]

	



LaRocque, Olivier. 2014. Revisiting Distinctions between Ranching and Pastoralism: A Matter of Interspecies Relations between Livestock, People, and Predators. Critique of Anthropology 34: 73–93. [Google Scholar] [CrossRef]

	



Latour, Bruno. 2012. The Politics of Nature: How to Bring the Sciences Into Democracy. Cambridge: Harvard University Press. [Google Scholar]

	



Latour, Bruno. 2012. We Have Never Been Modern. Cambridge: Harvard University Press. [Google Scholar]

	



Lauenroth, William K, and Ingrid C Burke. 2008. Ecology of the Shortgrass Steppe: A Long-Term Perspective. Oxford: Oxford University Press. [Google Scholar]

	



Lincoln, Yvonna S, and Egon G Guba. 1985. Naturalistic Inquiry. Thousand Oaks: Sage, vol. 75. [Google Scholar]

	



Lincoln, Yvonna S, and Egon G Guba. 1986. But Is It Rigorous? Trustworthiness and Authenticity in Naturalistic Evaluation. New Directions for Program Evaluation 1986: 73–84. [Google Scholar] [CrossRef]

	



Lorimer, Jamie. 2012. Multinatural Geographies for the Anthropocene. Progress in Human Geography 36: 593–612. [Google Scholar] [CrossRef]

	



Malone, Nicholas, and Kathryn Ovenden. 2016. Natureculture. In The International Encyclopedia of Primatology. Atlanta: American Cancer Society, pp. 1–2. [Google Scholar] [CrossRef]

	



Marshall, N. A. 2010. Understanding Social Resilience to Climate Variability in Primary Enterprises and Industries. Global Environmental Change 20: 36–43. [Google Scholar] [CrossRef]

	



Masterson, Vanessa A, Richard C Stedman, Johan Enqvist, Maria Tengo, Matteo Giusti, Darin Wahl, and Uno Svedin. 2017. The Contribution of Sense of Place to Social-Ecological Systems Research: A Review and Research Agenda. Ecology and Society 22. [Google Scholar] [CrossRef]

	



Milchunas, Daniel G, William K Lauenroth, Ingrid C Burke, and James K. Detline. 2008. Effects of Grazing on Vegetation. In Ecology of the Shortgrass Steppe: A Long-Term Perspective. New York: Oxford University Press, pp. 389–446. [Google Scholar]

	



Milchunas, D. G., and W. K. Lauenroth. 1993. Quantitative Effects of Grazing on Vegetation and Soils Over a Global Range of Environments. Ecological Monographs 63: 327–66. [Google Scholar] [CrossRef]

	



Milchunas, D. G., O. E. Sala, and W. K. Lauenroth. 1988. A Generalized Model of the Effects of Grazing by Large Herbivores on Grassland Community Structure. The American Naturalist 132: 87–106. [Google Scholar] [CrossRef]

	



Milchunas, Daniel G, William K Lauenroth, Philip L Chapman, and Mohammad K Kazempour. 1989. Effects of Grazing, Topography, and Precipitation on the Structure of a Semiarid Grassland. Vegetatio 80: 11–23. [Google Scholar] [CrossRef]

	



Munden-Dixon, Kate, Kenneth Tate, Bethany Cutts, and Leslie Roche. 2018. An Uncertain Future: Climate Resilience of First-Generation Ranchers. The Rangeland Journal. [Google Scholar] [CrossRef]

	



Nightingale, Andrea J. 2011. Beyond Design Principles: Subjectivity, Emotion, and the (Ir) Rational Commons. Society and Natural Resources 24: 119–32. [Google Scholar] [CrossRef]

	



Opie, Anne. 1992. Qualitative Research, Appropriation of the ‘Other’ and Empowerment. Feminist Review 40: 52–69. [Google Scholar] [CrossRef]

	



Parton, William J, Myron P Gutmann, and William R Travis. 2003. Sustainability and historical land-use change in the great plains: The case of eastern colorado. Great Plains Research 13: 97–125. [Google Scholar]

	



Perryman, Barry L, Brad W Schultz, J Kent McAdoo, R L Alverts, Juan C Cervantes, Stephen Foster, Gary McCuin, and Sherman Swanson. 2018. An Alternative Management Paradigm for Plant Communities Affected by Invasive Annual Grass in the Intermountain West. Rangelands 40: 77–82. [Google Scholar] [CrossRef]

	



Plumwood, Val. 2006. The Concept of a Cultural Landscape: Nature, Culture and Agency in the Land. Ethics and the Environment 11: 115–50. [Google Scholar] [CrossRef]

	



Pool, Duane B., Arvind O. Panjabi, Alberto Macias-Duarte, and Deanna M. Solhjem. 2014. Rapid Expansion of Croplands in Chihuahua, Mexico Threatens Declining North American Grassland Bird Species. Biological Conservation 170: 274–81. [Google Scholar] [CrossRef]

	



Porensky, Lauren M., Justin D. Derner, David J. Augustine, and Daniel G. Milchunas. 2017. Plant Community Composition after 75 Yr of Sustained Grazing Intensity Treatments in Shortgrass Steppe. Rangeland Ecology and Management 70: 456–64. [Google Scholar] [CrossRef]

	



Rand, Kevin L. 2017. Hope, Self-Efficacy, and Optimism Conceptual and Empirical Differences. In The Oxford Handbook of Hope. Edited by Shane J Gallagher and Mathhew W Lopez. Oxford: Oxford University Press. [Google Scholar] [CrossRef]

	



Reid, Robin S., María E. Fernández-Giménez, and Kathleen A. Galvin. 2014. Dynamics and Resilience of Rangelands and Pastoral Peoples Around the Globe. Annual Review of Environment and Resources. [Google Scholar] [CrossRef]

	



Reid, Robin S, Kathleen A Galvin, and Russell S Kruska. 2008. Global Significance of Extensive Grazing Lands and Pastoral Societies: An Introduction. In Fragmentation in Semi-Arid and Arid Landscapes: Consequences for Human and Natural Systems. Edited by Kathleen A Galvin, Robin S Reid, Roy H Behnke Jr. and N Thompson Hobbs. Dordrecht: Springer, pp. 1–24. [Google Scholar] [CrossRef]

	



Robbins, Paul. 2006. The Politics of Barstool Biology: Environmental Knowledge and Power in Greater Northern Yellowstone. Geoforum 37: 185–99. [Google Scholar] [CrossRef]

	



Robinson, Mike, Karim-Aly Kassam, and Petra Rethmann. 2000. Sami Potatoes: Living with Reindeer & Perestroika. Anthropologica. Calgary: Bayeux Arts, Inc. [Google Scholar]

	



Roche, L. M., B. B. Cutts, J. D. Derner, M. N. Lubell, and K. W. Tate. 2015. On-Ranch Grazing Strategies: Context for the Rotational Grazing Dilemma. Rangeland Ecology & Management 68: 248–56. [Google Scholar]

	



Roesch-McNally, Gabrielle, J Gordon Arbuckle, and John Charles Tyndall. 2018. Soil as Social-Ecological Feedback: Examining the ‘Ethic’ of Soil Stewardship among Corn Belt Farmers. Rural Sociology 83: 145–73. [Google Scholar] [CrossRef]

	



Sala, O. E., W. J. Parton, L. A. Joyce, and W. K. Lauenroth. 1988. Primary Production of the Central Grassland Region of the United States. Ecology 69: 40–45. [Google Scholar] [CrossRef][Green Version]

	



Samson, Fred B, and Fritz L Knopf. 1996. Prairie Conservation: Preserving North America’s Most Endangered Ecosystem. Edited by Fritz L Samson and Fred B Knopf. Washington: Island Press. [Google Scholar]

	



Sayre, Nathan F. 2002. Ranching, Endangered Species, and Urbanization in the Southwest: Species of Capital. Tucson: University of Arizona Press. [Google Scholar]

	



Sayre, Nathan F. 2017. The Politics of Scale: A History of Rangeland Science. Chicago: The University of Chicago Press. [Google Scholar]

	



Scheier, Michael F, and Charles S Carver. 1985. Optimism, Coping, and Health: Assessment and Implications of Generalized Outcome Expectancies. Health Psychology 4: 219. [Google Scholar] [CrossRef] [PubMed]

	



Sheridan, Thomas E. 2007. Embattled Ranchers, Endangered Species, and Urban Sprawl: The Political Ecology of the New American West. Annual Review of Anthropology 36: 121–38. [Google Scholar] [CrossRef]

	



Shoop, Marvin, Susan Kanode, and Mary Calvert. 1989. Central Plains Experimental Range: 50 Years of Research. Rangelands Archives 11: 112–17. [Google Scholar]

	



Skagen, Susan K, David J Augustine, and Justin D Derner. 2018. Semi-Arid Grassland Bird Responses to Patch-Burn Grazing and Drought. The Journal of Wildlife Management 82: 445–56. [Google Scholar] [CrossRef]

	



Smith, Arthur H, and William E Martin. 1972. Socioeconomic Behavior of Cattle Ranchers, with Implications for Rural Community Development in the West. American Journal of Agricultural Economics 54: 217–25. [Google Scholar] [CrossRef]

	



Snyder, C Rick. 1995. Conceptualizing, Measuring, and Nurturing Hope. Journal of Counseling & Development 73: 355–60. [Google Scholar]

	



Spiegal, S., B. T. Bestelmeyer, D. W. Archer, D. J. Augustine, E. H. Boughton, R. K. Boughton, M. A. Cavigelli, P. E. Clark, J. D. Derner, E. W. Duncan, and et al. 2018. Evaluating Strategies for Sustainable Intensification of US Agriculture through the Long-Term Agroecosystem Research Network. Environmental Research Letters 13. [Google Scholar] [CrossRef]

	



Stringham, Tamzen K, William C Krueger, and Patrick L Shaver. 2003. State and Transition Modeling: An Ecological Process Approach. Journal of Range Management 56: 106–13. [Google Scholar] [CrossRef]

	



Susskind, Lawrence, Alejandro E Camacho, and Todd Schenk. 2012. A Critical Assessment of Collaborative Adaptive Management in Practice. Journal of Applied Ecology 49: 47–51. [Google Scholar] [CrossRef]

	



Teague, Richard, Fred Provenza, Urs Kreuter, Tim Steffens, and Matt Barnes. 2013. Multi-Paddock Grazing on Rangelands: Why the Perceptual Dichotomy between Research Results and Rancher Experience? Journal of Environmental Management 128: 699–717. [Google Scholar] [CrossRef] [PubMed]

	



Tickamyer, A. R., J. Sherman, and J. Warlick. 2017. Rural Poverty in the United States. New York: Columbia University Press. [Google Scholar]

	



Toombs, Theodore P, Justin D Derner, David J Augustine, Bryce Krueger, and Seth Gallagher. 2010. Managing for Biodiversity and Livestock: A Scale-Dependent Approach for Promoting Vegetation Heterogeneity in Western Great Plains Grasslands. Rangelands 32: 10–15. [Google Scholar] [CrossRef]

	



Tuhiwai Smith, Linda. 2013. Decolonizing Methodologies: Research and Indigenous Peoples. London: Zed Books. [Google Scholar]

	



Twidwell, Dirac, Brady W Allred, and Samuel D Fuhlendorf. 2013. National-Scale Assessment of Ecological Content in the World’s Largest Land Management Framework. Ecosphere 4: 1–27. [Google Scholar] [CrossRef]

	



Walker, Peter A, and Patrick T Hurley. 2004. Collaboration Derailed: The Politics of ‘community-Based’ Resource Management in Nevada County. Society and Natural Resources 17: 735–51. [Google Scholar] [CrossRef]

	



Wallace, George N, David M Theobald, Tawyna Ernst, and Katherine King. 2006. Assessing the Ecological and Social Benefits of Private Land Conservation in Colorado. Conservation Biology 22: 284–96. [Google Scholar] [CrossRef] [PubMed]

	



Westoby, Mark, Brian Walker, and Imanuel Noy-Meir. 1989. Opportunistic Management for Rangelands Not at Equilibrium. Journal of Range Management 42: 266–74. [Google Scholar] [CrossRef]

	



White, Courtney. 2012. Revolution on the Range: The Rise of a New Ranch in the American West. Washington: Island Press. [Google Scholar]

	



Williams, Daniel R, and Susan I Stewart. 1998. Sense of Place: An Elusive Concept That Is Finding a Home in Ecosystem Management. Journal of Forestry 96: 18–23. [Google Scholar]

	



Wilmer, Hailey, David J Augustine, Justin D Derner, Maria E Fernández-Giménez, David D Briske, Leslie M Roche, Kenneth W Tate, and Kevin E Miller. 2018. Diverse Management Strategies Produce Similar Ecological Outcomes on Ranches in Western Great Plains: Social-Ecological Assessment. Rangeland Ecology & Management 71: 626–36. [Google Scholar]

	



Wilmer, Hailey, Justin D. Derner, María E. Fernández-Giménez, David D. Briske, David J. Augustine, Lauren M. Porensky, and CARM Stakeholder Group. 2018. Collaborative Adaptive Rangeland Management Fosters Management-Science Partnerships. Rangeland Ecology and Management 71: 646–57. [Google Scholar] [CrossRef]

	



Wilmer, Hailey, and Maria E Fernández-Giménez. 2015. Rethinking Rancher Decision-Making: A Grounded Theory of Ranching Approaches to Drought and Succession Management. The Rangeland Journal 37: 517–28. [Google Scholar] [CrossRef]

	



Wilson, Geoffrey Alan. 2007. Multifunctional Agriculture: A Transition Theory Perspective. New York: Cabi. [Google Scholar]








[image: Socsci 08 00022 g001 550]





Figure 1. The Collaborative Adaptive Rangeland Management (CARM) project takes place at the Central Plains Experimental Range in Nunn, Colorado. This is a United States Department of Agriculture (USDA) Agricultural Research Service (ARS) research location. The site is located in the far Western, and therefore, the driest and warmest edge of the US Great Plains in the shortgrass steppe ecosystem, near the US Forest Service Pawnee National Grassland. 
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Figure 2. The CARM project includes ten, 130 ha named pastures managed by a team of local ranchers, conservation organization representatives, public agency employees, and interdisciplinary researchers. This team makes decisions about number and spatio-temporal distribution of a herd of yearling cattle for wildlife, vegetation, profitable ranching and social learning outcomes on these pastures, and may also implement controlled burning. CARM pastures are paired with ten, 130 ha “Traditional Rangeland Management” (TRM) pastures on the basis of soil, ecological sites, topography, and plant communities. TRM pastures follow a locally relevant season-long (mid-May through early-October) continuous grazing system at the same stocking rate as the CARM herd. 
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Figure 3. The CARM project goals and profitable ranching, vegetation, and wildlife management objectives were established in 2012. Social learning objectives were added in 2016. 
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Figure 4. Ecological Site Descriptions (ESDs) are part of a land potential and vegetation classification and mapping system used by US federal land management agencies and private land-owners. ESDs include an estimate of rangeland production and vegetation potential based on specific climate, topography and soil characteristics. They often include State and Transition Models (STMs) such as the above-modified representation of the STM for the Loamy Plains ecological site that includes the study site, CPER, (downloaded December 2017). STMs are conceptual diagrams that indicate hypothesized management-driven plant community change (Westoby et al. 1989). Stable vegetation “states” may include multiple plant communities, including reference or “historic climax” plant communities (Stringham et al. 2003; and Briske et al. 2017). Transition pathways among communities are indicated for managers, and often emphasize grazing management (Twidwell et al. 2013). Transitions among states, or thresholds, are theoretically not reversible, though STMs, including this one, often include reversible dynamics among states (which have also been empirically demonstrated in this region, see Porensky et al. 2017). 
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Figure 5. Graphical representation of heterogeneity-based rangeland management paradigm hypothesis. This predicts that a spectrum of vegetation structure from bare ground to tall created through the interaction of ecological disturbances (fire, weather, large herbivore and small-mammal herbivory), provides habitat for a broad suite of grassland species. Heterogeneity-based management contrasts with a “managing for the middle” approach promoted for years in rangeland management to optimize beef production (Bement 1969). Modified from Knopf (1994). 
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Table 1. Management objectives for the CARM group in 2012 and following revisions in 2018. Additional rationale and metrics are included in Supplement C.
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	Vegetation Objective
	



	2012
	“Increase percentage of cool-season grasses and non-shortgrass native plants, by weight and number of plants.”



	Revised (2018)
	(A) “Attain and/or maintain abundances of cool-season perennial graminoids within 30% of 2015 targets”. This is specific for each plot based on its identity as a sandy, loamy or “shortgrass target” sites, and uses a three-year running average to assess trend (see Figure 2).

(B) “Maintain or increase plant compositional diversity both within and across pastures.” This will be assessed using a three-year running average to assess trend.



	McCown’s Longspur Objective
	



	2012
	“Maintain populations of McCown’s longspur, Western Meadow Lark and Horned Lark.” In the proposed revised objectives, the team established an individual objective for the longspur because of the exceptional rate of population decline for that species.



	Revised (2018)
	“Create or maintain high-quality breeding habitat for McCown’s longspurs on 20–40% of the total landscape. Prioritize management for McCown’s longspur habitat on loamy ecological sites with flat or gently rolling uplands (shortgrass target areas) (See Figure 2).”
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