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ABSTRACT

Working Together for Working Lands: Knowledge Braiding and Adaptive Capacity at

the Confluence of Rangelands, Climate Adaptation, and Watershed Stewardship

by
William Wesley Munger, Doctor of Philosophy

Utah State University, 2024

Major Professor: Dr. Claudia Radel
Department: Environment and Society

Working lands are a mosaic that hold critical opportunities for biodiversity, rural
community wellbeing, and climate change adaptation. This landscape mosaic is made up
of public lands, tribal lands, and private ranches, farms, and forests. The current era of
ecological restoration and climate adaptation requires engaging in working lands
conservation because the most promising strategies require working across multiple
ownership boundaries. This dissertation argues that supporting working lands
conservation, climate adaptation, and ecological restoration is a joint venture. Building
adaptive capacity for climate change involves both social and ecological components.
Adaptive capacity consists of building social collaborative capacity and ecological health
and integrity. The key to successful working lands conservation is understanding the deep
interconnections between nature and people, that local relationships matter, and that
flexibility and adaptability are essential. This dissertation explores how collaborative

transdisciplinary science and the braiding together of plural knowledge systems can help



v
improve social and ecological outcomes of conservation, restoration, and climate
adaptation projects at the intersection of watershed and range management. The
dissertation is based on two case studies: the Watershared conservation incentive
program in Bolivia and the Wuda Ogwa ecological restoration project led by the
Northwestern Band of the Shoshone Nation. In the case of Watershared, I used mixed
methods including survey data, interviews and participant observation. In the first
chapter, I show how cattle ranching contributes to local livelihoods and how participating
in the Watershared program is associated with changes in range management practices. In
the second chapter, I show how a relational approach to care-based stewardship is
engendered by conservation program field staff attuned to local agency, care, and
knowledge. In the third chapter, I reflect on lessons learned from transdisciplinary co-
produced research conducted in partnership with the Wuda Ogwa project. Both case
studies provide insight on how to work together on working landscapes by braiding
together plural knowledges, designing relevant incentive structures that support
intergenerational stewardship, and building the collaborative capacity to adapt to a

changing climate.

(231 pages)



PUBLIC ABSTRACT

Working Together for Working Lands: Knowledge Braiding and Adaptive Capacity at
the Confluence of Rangelands, Climate Adaptation, and Watershed Stewardship

William Wesley Munger

Working lands are a mosaic that hold critical opportunities for biodiversity, rural
community wellbeing, and climate change adaptation. This landscape mosaic is made up
of public lands, tribal lands, and private ranches, farms, and forests. The current era of
ecological restoration and climate adaptation requires engaging in working lands
conservation because the most promising strategies require working across multiple
ownership boundaries. This dissertation argues that supporting working lands
conservation, climate adaptation, and ecological restoration is a joint venture. Building
adaptive capacity for climate change involves both social and ecological components.
Adaptive capacity consists of building social collaborative capacity and ecological health
and integrity. The key to successful working lands conservation is understanding the deep
interconnections between nature and people, that local relationships matter, and that
flexibility and adaptability are essential. This dissertation explores how collaborative
transdisciplinary science and the braiding together of plural knowledge systems can help
improve social and ecological outcomes of conservation, restoration, and climate
adaptation projects at the intersection of watershed and range management. The
dissertation is based on two case studies: the Watershared conservation incentive
program in Bolivia and the Wuda Ogwa ecological restoration project led by the

Northwestern Band of the Shoshone Nation. In the case of Watershared, I used mixed
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methods including survey data, interviews and participant observation. In the first
chapter, I show how cattle ranching contributes to local livelihoods and how participating
in the Watershared program is associated with changes in range management practices. In
the second chapter, I show how a relational approach to care-based stewardship is
engendered by conservation program field staff attuned to local agency, care, and
knowledge. In the third chapter, I reflect on lessons learned from transdisciplinary co-
produced research conducted in partnership with the Wuda Ogwa ecological restoration
project. Both case studies provide insight on how to work together on working landscapes
by braiding together plural knowledges, designing relevant incentive structures that
support intergenerational stewardship, and building the collaborative capacity to adapt to

a changing climate.
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CHAPTER 1

INTRODUCTION

Working lands are a mosaic that hold critical opportunities for biodiversity, rural
community wellbeing, and climate change adaptation (Kremen and Merenlender, 2018;
Steele and Hatfield, 2018). This landscape mosaic is made up of public land, tribal land,
and private ranches, farms, and forests (Burger et al., 2019). While the first era of
conservation prioritized protected areas, parks, and wilderness, the current era of
ecological restoration and climate adaptation requires engaging in working lands
conservation because the most promising strategies require working across multiple
boundaries (Almaraz et al., 2023; Dertien and Baldwin, 2022; Tait and Brunson, 2021).
In the western United States, land ownership patterns from settler colonization created a
mosaic of private lands that have important qualities like water, good soils, and wildlife
habitat (Sayre, 2017; Young, 1985). While the US government owns 47% of all land in
the West, an estimated 74% percent of the high-quality landscape mosaic in the
continental U.S. West is currently in private ownership (Allison, 2023). Additionally,
75% of remaining wetlands, 80% of remaining grasslands, and two-thirds of endangered
species in the U.S. West are found on private land. The concept of working lands
emerged in the early 1990s and while it has grown in popularity, it still faces challenges
in mobilizing funding and organizing durable collaborations (Riley et al., 2019). Working
lands might be a compelling area of opportunity, but what are the strategies and practices
that create pathways to achieving the complicated objectives of supporting ecological

health and biodiversity, rural community wellbeing, and climate change adaptation?



Working together on working landscapes requires building collaborations able to
co-produce science, braid together plural knowledge, and build incentive structures that
support intergenerational stewardship. These collaborations are strengthened by attention
to relational values that emphasize humility, agility, persistence, and a shared
understanding of place-based context (Chambers et al., 2022; Wainaina et al., 2023).
There is no silver bullet for working together, but there are emergent strategies, paths that
invite us to think about change as a constant state of being and how to align and direct it
towards that which affirms and creates healthy human and ecological relations (Brown,
2017). This dissertation explores two emergent strategies that may better support working
together on working lands: conservation incentive programs and knowledge braiding.

Twentieth century conservation in a patchwork of landscape boundaries used
three main strategies: governmental regulation, resource exchange under a private
property regime, and cooperative efforts to manage resources collectively (Ostrom,
1990). Another idea, ecosystem services, arose in the late 1970s and became a major part
of global conservation policy discourse during the 2003 Millennium Ecosystem
Assessment (Gomez-Baggethun et al., 2010). Ecosystem services arose not as an explicit
conservation strategy, but as a way to recognize the direct and indirect benefits that
ecosystems provide to humans. Working lands, such as rangelands, crop lands, and
forests produce agricultural goods as well as provide a suite of ecosystem services that
sustain human livelihoods. These ecosystem services are conceptualized as provisioning,
regulating, cultural and supporting services (Assessment, 2005).

One conservation strategy to emerge from this line of thinking is known as

Payment for Ecosystem Services (PES). Recognizing and incentivizing the ecosystem



services provided by working lands now includes the services of carbon storage,
biodiversity, water, open space, and cultural values (Mahowald, 2020). Because
agriculture on working landscapes, particularly livestock production, is often targeted as
a driver of the climate and biodiversity crises, conservation incentives programs
emerging and evolving from PES ideas attempt to incentivize management and behavior
changes that support conservation goals as well as agricultural livelihoods. There is now
a growing body of research that evaluates the interaction of grazing and PES on working
landscapes (Calle, 2020; Chapman et al., 2020). This dissertation contributes to this
research with two articles that explore a hybrid PES program in Bolivia. The results point
towards emergent strategies that can support the capacity to find adaptive pathways that
benefit humans and the more-than-human world. The intersection of rangeland
stewardship, climate change adaptation, and watershed management is a critical area
needing research and collaborative experimentation. Understanding how humans and
landscape mosaics interact together in ways that address biodiversity, watershed health,
climate, and rural community well-being is one of the central challenges of our time.
There is widespread global interest in incentivizing ecosystem service provision,
climate adaptation, and ecological restoration. Neoliberal conservation has continued to
be promoted worldwide despite failing to live up to its own goals (Fletcher, 2023).
Critical scholars coming from environmental justice, climate justice, and Indigenous
perspectives point out that there are robust more-than-market values and paradigms of
human-nature relations that offer critical insights into dealing with planetary crises. How
are these big ideas interrelated and how can transdisciplinary research help advance our

understanding of how to transform social ecological systems towards sustainable



pathways? A growing scholarship is arguing that a broader perspective that engages
plural knowledge and understandings of social-ecological systems and processes is
needed for building working landscapes that support biodiversity and climate resilience
(Bennett et al., 2022). A key consideration is that ecological knowledge is changing and
land managers are being asked to value a wider range of ecosystem processes like fire,
biodiversity, watershed function, and climate change. Another key consideration is that
Indigenous and local knowledge has been marginalized yet now scientists are recognizing
the importance of plural knowledge in climate adaptation and ecological restoration
(David-Chavez et al., 2023; Whyte et al., 2023).

This dissertation argues that supporting working lands conservation, climate
adaptation, and ecological restoration is a joint venture. It requires agile, humble, and
persistent collaborations capable of co-producing actionable plural knowledge and
values. Building adaptive capacity for climate change involves both social and ecological
components. Adaptive capacity consists of building social collaborative capacity and
ecological health and integrity.! The key to successful working lands conservation is
understanding the deep interconnections between nature and people, that local
relationships matter, and that flexibility and adaptability are essential. This dissertation
explores how collaborative transdisciplinary science and the braiding together of plural

knowledge systems can help improve social and ecological outcomes of conservation,

! Ecosystem health is defined as “the state or condition of an ecosystem in which its
dynamic attributes are expressed within the normal ranges of activity relative to its
ecological state of development” (Andel and Aronson, 2012). Ecosystem integrity is “the
state or condition of an ecosystem that displays the biodiversity characteristic of the
reference, such as species composition and community structure, and is fully capable of
sustaining normal ecosystem functioning” (SER, 2002).



restoration, and climate adaptation projects at the intersection of watershed and range
management. Collaborative transdisciplinary science benefits from a process in which
different ways of knowing are braided together equitably to enable the reciprocal
exchange of understanding for mutual learning and application (Alexander et al., 2021,
2019; Cebrian-Piqueras et al., 2020; Johnson et al., 2020; Norstrom et al., 2020).

The term “knowledge braiding” comes from Braiding Sweetgrass and refers to a
framework that emphasizes reciprocal relationships between humans and ecologies as
well as Indigenous knowledges and Western Scientific knowledge (Kimmerer, 2015).
There are several theories that engage this concept including epistemological pluralism in
co-produced science(Miller et al., 2008) and Two Eyed Seeing in education and ecology
(A.J. Reid et al., 2021).

Within the field of conservation, restoration, and climate adaptation, there is an
expanding field of scholarship addressing the need to bring together diverse stakeholders
and diverse knowledge systems including Western Scientific knowledge, Indigenous
knowledges, and local knowledges (Tengo et al., 2017). This is a particular challenge in
the context of power differences and histories of colonialism, marginalization, and
inequity within research and science (Smith, 2012). Rangeland historians have
documented how the field’s practical and theoretical knowledge are inseparable from
colonial land expropriation and a capitalist imperative to manage rangelands for short
term profit at the expense of land and community sustainability (Sayre, 2017). Another
set of scholars have contributed to our understanding of addressing power differentials in
collaborative research and education settings with particular attention to coloniality in

how science and education are conducted (Litts et al., 2020; Medin and Bang, 2014;



Patel, 2016). There is a need to understand how research and applied social-ecological
projects in the sphere of climate adaptation, watershed restoration, and range
conservation can braid together Indigenous knowledge, local knowledge, and Western
scientific knowledge (Henri et al., 2021).

This dissertation is based on three articles that explore interventions in rangeland
headwater socio-ecological systems. Rangeland headwaters are grazing-based social-
ecological systems located where watersheds originate. The three articles are connected
to two separate projects from different sides of the globe: Fundacion Natura Bolivia’s
Watershared Program and the Northwestern Band of the Shoshone Nation’s Wuda Ogwa
ecological restoration project. The distinct social-ecological systems represented in these
case studies are facing increasing climate change risks including drought, precipitation
variability, and increasing temperatures (Portner et al., 2022). These headwater
ecosystems are also identified as playing critical functions to buffer climate risks like
drought and increasing precipitation variability (McCoy, 2021). The contribution of this
dissertation is to explore how the practical application of knowledge braiding can support
more socially just and ecologically sound watershed restoration, rangeland management,
and climate adaptation projects. The overarching research question framing this
dissertation proposal is: what are the processes and practices that enable equitable
collaboration and knowledge braiding that addresses rangeland vulnerabilities and builds

adaptive capacity to climate change?



Literature Review

Climate adaptation and rangelands

Rangelands constitute approximately 50% of the world’s land area globally and
support a number of ecosystem services including forage for livestock that supports rural
livelihoods (Briske et al., 2015). Grazing represents the most extensive use of land
worldwide (Maestre et al., 2022). Climate change threatens the health and sustainability
of rangelands and the human community whose livelihoods and cultures are interwoven
with them (Havstad et al., 2018). Scholars working at the intersection of rangelands and
social science highlight the need to engage with and be responsive to the needs of
rangeland communities who have been historically marginalized and underserved by
rangeland science (Brunson et al., 2021). This proposal seeks to engage these joint
challenges by studying the implementation of two conservation initiatives that try to
address the unique social and ecological vulnerabilities of two different communities who
are working to steward landscapes that are affected by grazing and climate change.

The larger question is how to build local climate adaptation capacities that address
vulnerabilities in an era where there is a push to transform range management practices
and better manage the ecological footprint of agricultural production in rangeland
systems (Teague and Kreuter, 2020). At the same time, it is critical to avoid vulnerability
discourses that reinscribe colonial notions of vulnerability that ignore the agency of
marginalized communities who are working to steward degraded ecosystems (Vinyeta,

2022).



Rangeland communities that include smallholder ranchers and farmers are
potentially vulnerable to climate change impacts like drought, increasing climate
variation, and loss of forage productivity (Burnham and Ma, 2015). These biophysical
vulnerabilities are mediated by human conditions such as socio-political institutions and
economic structures (Radel et al., 2018; Turner et al., 2003). Adaptive capacity is defined
at multiple scales: individual, household, community, and systems levels. Adaptive
capacity is broadly defined as the ability of a human or natural system to adjust to climate
change (including climate variability and extremes) by moderating potential damages,
taking advantage of opportunities, or coping with the consequences (EPA 2022). The
Environmental Protection Agency’s broad definition is similar to a systems definition
that examines the ability or potential of a system to respond successfully to climate
variability and change. This includes adjustments in both behavior and in resources and
technologies (Adger et al., 2007). Analysis of adaptive capacity at the individual and
household scale often focuses on social vulnerability assessments and livelihoods
analysis (Nelson et al., 2010). This approach frames social adaptive capacity as a function
of entitlements, resources, and capital (Keskitalo et al., 2011). There is a recent push to
better understand the underlying socio-ecological governance systems and processes that
create capacity and/or vulnerability and maladaptation (Vallury et al., 2022). This
research responds to the call to also explore the motivations and objectives of actors that
underpin adaptive action and understand the effectiveness of such actions in reducing
vulnerability (Elrick-Barr et al., 2014).

Rangeland research on adaptive grazing management strategies for drought focus

on increasing resiliency of rangeland ecosystems and reducing risk for ranching
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enterprises affected by drought. Practically, there are four general strategies that ranchers
can use to deal with drought: 1) predict it using weather and climate forecasting tools, 2)
track it, 3) employ conservative stocking rates, and 4) utilize inherent spatial variability
(Derner and Augustine, 2016). Connecting broader climate risk assessment tools such as
the Rangeland Analysis Platform with the local knowledge of land managers is a strategy
being used by Rangeland Extension researchers working on adapting to drought in the
United States (Thacker, 2022). Braiding together regional scale climate risk assessment
tools with socially and locally specific vulnerabilities is a needed area of more research
and extension (Dinan et al., 2021). Variations in biophysical and socio-economic
adaptive capacities means that there is a need to better understand how rangeland
communities’ perceptions of their vulnerability are shaped by situational and social
differences, including access to community and household resources and variations in
livelihood activities (Green et al., 2020).

Rangeland headwaters are theorized here as coupled social-ecological systems
(SES) and understanding the feedback loops between the systems is critical for adaptive
management in an era of climate change (Brand and Jax, 2007; Hruska et al., 2017).
Climate-related challenges such as extended drought and interannual variability make
adaptively managing these rangeland headwaters a particularly challenging task. The
coupling of social and ecological systems is conceptually important because human land-
use decisions affect multiscale processes such as the water cycle and biogeochemical
cycling. In this dissertation, the working definition of resilience in rangeland SESs to
climate change focuses on the use of “resilience thinking ” (Walker and Salt, 2012). This

definition encompasses science and management aimed at reducing SES vulnerability to
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shocks by 1) focusing on transformative processes rather than stable states, 2)
maintaining diversity and redundancy of system components, 3) improving information
flow to detect thresholds before they are crossed, and 4) building social networks among
scientists and stakeholders who can collaboratively influence change in response to local
conditions and processes. Resilience can take on different meanings in social or
ecological systems. Geographers and political ecologists have warned against overly
broad definitions that ignore power asymmetries, offer apolitical solutions, and are
conceptually vague (Mikulewicz, 2019).

Stakeholder engagement is widely used and recommended in range and water
management (Allen et al., 2017). There is a call for applied scientific research on whether
and how, and under what conditions, stakeholder engagement actually leads to
improvements in social, economic, and environmental outcomes in working landscapes
(Eaton et al., 2022). In each of the dissertation articles, the processes and practices that
enable meaningful stakeholder participation will look different. This research contributes
to understanding on how to move the needle towards more equitable collaboration.
Equitable means addressing historic and ongoing inequities and injustices while also
critically understanding power structures that shape how stakeholder knowledge is

valued, measured, respected, and applied.

Political ecology, coloniality, and collaboration in natural resource science

Political ecology (PE) frameworks are theoretical foundations for describing both
coloniality in contemporary natural resource issues as well as decolonial approaches to

collaboration and environmental knowledge production. Political ecology contributes
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frameworks from anthropology, geography, and related disciplines to focus analyses on
how and why structural forces, such as colonial and capitalist economic processes and
power relations, drive environmental change in an increasingly interconnected world
(Roberts, 2020). Within PE there is an established scholarly exploration of how
environmental knowledge claims are “generated, packaged, promoted, accepted, and
rejected by the different actors involved in cases of environmental management,
conservation, and development” (Goldman et al., 2010). PE focuses attention on the
struggles surrounding environmental knowledge by examining how such struggles shape
conceptions of the environment, and whose interests are served in the process. A key idea
is that knowledge, even ‘scientific’ knowledge, always comes from somewhere. It is the
product of particular perspectives and partial visions (Haraway, 1988). To “know nature”
is to grasp how multiple agents not only produce knowledge about the environment but
struggle to authorize, legitimize, and deploy it. Attention is needed at the surfaces of
engagement where multiple knowledge systems interact to nurture a plurality of social
and ecological stewardships in an era of intersecting crises (Escobar, 2016).

Natural resource scholars have emphasized the importance of multi-stakeholder
collaboratives for over a century (Sayre, 2017). Which stakeholders and knowledge
systems were considered legitimate was and is affected by power structures like
colonialism, capitalism, and race and gender hierarchies (Vinyeta, 2022; Vinyeta et al.,
2015). The historical arc of watershed governance in the western United States
demonstrates both a well-known history of conflict but also collaboration. Today, as
climate change forces a reworking of watershed management and governance

frameworks like the Colorado River Compact, tribal governments and Indigenous water
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protectors are demanding a seat at the negotiating table. In the Intermountain West, there
are open questions as to how future collaborative science and management will include
Indigenous people and tribal governments who have a stake in the future of watersheds
(Wheeler and Root-Bernstein, 2020).

These questions of colonialism and collaboration have parallels in fire science.
Indigenous fire practices were banned by early settler governments and early fire
management agencies like the Forest Service. In an era of mega-fires and climate change,
a recent emphasis on prescribed and cultural fire has brought forth new collaborative
research that braids together Indigenous fire culture and practice, pyrogeography, and fire
ecology (Marks-Block et al., 2021; Marks-Block and Tripp, 2021). Recent work from the
Southwest Climate Adaptation Science Center has mapped out this longer history and
new collaborations (Adlam et al., 2022). As prescribed fire practitioners work to gain
more popular acceptance, how will fire ecologists work together to collaborate with local
and Indigenous fire practitioners? How will climate vulnerability assessments be
meaningfully co-produced and move away from settler-ascribed discourses of
vulnerability (Tribe, 2019)?

In the rangeland world, there has been a slow 30-year pivot from conflict towards
collaboration. In rangeland settings worldwide, ecological processes such as fire and
grazing fall on a quilt of land ownership boundaries and administrative lines that
represent distinct management objectives, personal beliefs, and values. Groups like the
Quivira Coalition understood this and responded by creating the ideological space of the
radical center where plural knowledge systems could potentially meet amidst the

collaborative turn. Practically, this often occurred in rangeland headwater workshops to
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share erosion control techniques as well as gatherings where different ways of knowing
rangeland were brought together (White, 2008).

These examples from water, fire, and range science illustrate the need for a
working theory of coloniality and decolonizing methodologies that can inform how we
structure our collaborations and research. This is especially important in the context of
new policies promoting co-management and co-stewardship in public land management
(Smith, 2023). Coloniality refers to long-standing patterns of power and knowledge
production ensuing from colonialism. Colonialism identifies a distinct system and
philosophy, while coloniality distinguishes a quality and condition that remains after
formal colonial systems are reformed. Coloniality is a term that comes from the
scholarship that interrogates history, knowledge production, culture, gender, labor, and
intersubjective relations in post-colonial eras (Estes and Dunbar-Ortiz, 2020). A key
insight is that structures and practices derived from settler colonialism and colonial
governance continue to influence social institutions and relations in the present, even
though they originally are derived from an era that many now believe is in the past. On
the other hand, decoloniality is a way to, “re-learn the knowledge that has been pushed
aside, forgotten, buried or discredited by the forces of modernity, settler-colonialism, and
racial capitalism” (Project, 2024).

Linda Smith articulates the ongoing challenges for aspiring decolonial
researchers in the recent third edition of Decolonizing Methodologies,

Knowledge and the power to define what counts as real knowledge lie at

the epistemic core of colonialism. The challenge for researchers of

decolonizing methodologies as a set of knowledge-related critical

practices is to simultaneously work with colonial and Indigenous concepts

of knowledge, decentering one while centering the other. While this
sounds straightforward, it is not. (Smith, 2012)
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Decolonization as a term has been used in a wide variety of social movement and
academic contexts, and it is a term that is gaining in popularity and thus subject to
increasingly diverse critique. Criticisms include that the term is not ideologically
synonymous with social justice, but includes an expanded focus on land, institutional
relationships, political-economic relations, Indigenous knowledge, and governance
(Asher, 2013; Dunlap, 2022; Funez-Flores et al., 2022).

In the fields of watershed, fire, and range management, Indigenous movements
and governments are working to bring their lands back under Indigenous stewardship and
co-management. This dissertation aims to support environmental scientists with
frameworks for collaboration with the increasing number of local and regional
Indigenous land reclamation efforts such as Wuda Ogwa and Bears Ears National
Monument. Wuda Ogwa is the name of the ecological restoration project led by the
Northwestern Band of the Shoshone Nation, who are reclaiming the land of the Bear
River Massacre and working to heal ecological and human relations. The Bears Ears
Intertribal Coalition (BEITC) recently issued a statement about the need for a:

...new model of collaborative management between the Tribes, state and

federal land agencies...In this new model, the traditional knowledge and

place-based conservation strategies of Tribal communities will play a

significant role in shaping efforts to conserve and plan a resilient future for

this landscape that we all hold dear. (Coalition, 2021)

The main point from this literature review so far is that the current era holds an important
opportunity for natural resource sciences in fields like fire ecology and watershed and

range management to engage political ecology and decolonial methodologies in order to

better co-produce with local and Indigenous collaborators. Between the history of
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colonialism and the future of climate change lies our current opportunity to nurture
emergent strategies and practices.

This nurturing requires engagement with a growing field of decolonial research
methodologies and ethics. This need is being discussed in diverse fields from decolonial
education research (Patel, 2016), climate change adaptation (Whyte, 2017), and
transdisciplinary collaboration (Wilmer et al., 2021a). The following diagram (Figure 1)
proposes expanding the research ethical framework to include Representation, Self-
Determination, Reciprocity, and Deference. Cross cutting themes in this proposal
correspond to the domains in green in this diagram and are 1) attention to a beyond-

human sphere of interests and ethics, and 2) acquiring skills as ethical practice.
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Figure 1: Expanded Ethical Principles. Reproduced from Wilmer et al. (2021).

Another set of research ethics articulated by a range of Indigenous and decolonial
collaborations are the Four Rs. These include Respect, Relevance, Responsibility,
Reciprocity (McCubbin and Moniz, 2015). The final set of ethics, the CARE principles,
deal with data sovereignty in ecological and biodiversity research (Jennings et al., 2023).

Taken all together, the examples and ethics reviewed in this section lay the groundwork

for the proposed case studies of the dissertation.

16



17

Knowledge systems and knowledge braiding

Scientists across a range of disciplines are recognizing the need to work across
and between different knowledge systems. However, the term “knowledge systems” has
been defined differently across disciplines and varies across at least three dimensions:
spatial scale, temporal scale, and social scale (Varghese and Crawford, 2021).
Knowledge systems enable communities to accumulate the experiences of many
individuals over time, into practices and processes that enable greater insight than would
be possible by any single individual (Emery, 1999). Within the three articles of this
dissertation, there are multiple distinct knowledges including scientific, observational,
cultural, and local. The use of the term ‘braiding’ (Kimmerer, 2015) instead of
‘integrating’ is to recognize the multiplicities of knowledges, power dynamics, and
systems (Sidik, 2022).

A knowledge braiding process framework illustrates how actors, institutions, and
processes are at the core of the five tasks required for successful collaboration across
diverse knowledge systems (Tengo et al., 2017). The diagram in Figure 2 illustrates a
knowledge braiding process that recognizes a multiplicity of knowledges as well as
identifies points along the knowledge braiding process where addressing histories of
colonialism, social power dynamics, and translations between knowledge systems are

given priority.



18

MOBILISE
; |" e+
-\
APPLY TRANSLATE
f e
Actors @ °
Institutions ;
Processes
NEGOTIATE
; . L
SYNTHESISE /¥ {, % :
; ' ®
Current Opinion in Environmental Sustainability

Figure 2: Knowledge weaving process. Reproduced from Tengé et al. (2017).

A review of knowledge system research shows that the field is quickly growing,
resulting in several terms and frameworks that address a similar need (Varghese and
Crawford, 2021). Research co-production emphasizes science conducted with and within
society rather than happening apart from society and then delivered on a ‘loading dock’
through the academy or other government and civil society institutions (Enquist et al.,
2017). Within sustainability studies, co-production is defined as an iterative and
collaborative process involving diverse types of expertise, knowledge, and actors to
produce context-specific knowledge and pathways towards a sustainable future

(Norstrom et al., 2020). Four guiding principles of high-quality knowledge co-production
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in sustainability research are that it is context-based, pluralistic, goal-oriented and
interactive. A related term is collaborative transdisciplinary science, which is an evolving
term that is increasingly focused on “epistemologies (different ways of knowing, not just
different knowledges), power, action and transformation of systems” (R. S. Reid et al.,
2021). Another related framework is co-generation (Figure 3), which emphasizes the

iterative, relational and positional aspects of knowledge creation.

A model of cogeneration of knowledge
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Figure 3: Co-generation model. Reproduced from Klein et al. (2022).
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Wicked problems, collaborative adaptive management, and social learning

The most challenging watershed and rangeland issues facing the world are
“wicked problems” that require complex and adaptive management arrangements.
Wicked problems are difficult or impossible to solve because of incomplete,
contradictory, and changing drivers that are often difficult to recognize (Rittel and
Webber, 1973). Most of these issues need to be addressed at several scales
simultaneously, ranging from local to global. They require action at the scale of large
landscapes because the geographic scope of the issues often transcends the legal and
geographic reach of existing jurisdictions and institutions. These issues face a reality
where no single entity has the authority to address these types of cross-boundary issues,
resulting in gaps in governance and a corresponding need to create formal and informal
ways to work effectively across administrative boundaries, land ownerships, and political
jurisdictions.

Collaborative adaptive management (CAM) is a framework developed for
conservation and resource management contexts characterized by: (1) high degrees of
uncertainty; (2) complexity resulting from multiple variables and non-linear interactions;
(3) interconnectedness—among issues, across landscapes, and between people and place;
and (4) persistent, possibly dramatic, change (Scarlett, 2013). The most challenging
wicked resource management decisions present complex communication challenges,
information challenges, coordination challenges, and action challenges. CAM is a
framework to respond to these challenges. While these resource management questions
are technical and complex, stakeholders also have to contend with distributional effects

that often involve trade-offs. The role of scientists and technical experts is not to drop off
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an optimal solution at the loading dock (Cash et al., 2006), but to support continual
learning and collaborative adaptive decision making. Four main principles of
collaborative adaptive management are: (1) establishment of clear goals and objectives,
(2) mechanisms for promoting participation, (3) clear roles and processes for shared
learning, and (4) the dynamic management of the adaptive management programs
themselves (Brymer et al., 2018). The experience of CAM laid the foundation for the
currently expanding collaborative adaptive efforts that are growing to include new, and
sometime previously marginalized partners.

There is a growing field documenting the design and implementation of
collaborative adaptive rangeland management (Lubell et al., 2013; Roche, 2016; Roche et
al., 2015). While this review focuses on rangelands, the CAM field also includes other
natural resource contexts such as community-based forestry organizations (Fernandez-
Gimenez et al., 2008). One of the better recent examples of testing that CAM can
improve rangeland management is the Collaborative Adaptive Rangeland Management
(CARM) experiment. This grazing experiment in northeastern Colorado tested
continuous, rotational, and adaptive grazing systems to quantify the effect of CAM as
well as document the CAM process (Augustine et al., 2020; Porensky et al., 2021;
Wilmer et al., 2021b). The CARM experiment found that the benefit of CAM arose from
the Stakeholder Group’s ability to rotate cattle in response to spatiotemporal
heterogeneity across the landscape—i.e., the ability to graze the “right pastures at the
right time” (Derner et al., 2021). The CAM process in this study emphasized the
provision of multiple ecosystem services, including grassland bird conservation rather

than solely livestock production.
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The CARM research team worked in parallel with the Stakeholder Group by
regularly providing, analyzing, and interpreting biophysical and ecological monitoring
data describing the outcomes of specific management decisions (Fernandez-Giménez et
al., 2019). Monitoring data that stakeholders used to make decisions included
precipitation across different pastures; vegetation composition, structure, productivity,
diversity, and residual biomass; wildlife habitat conditions and populations of key
grassland bird species; livestock gains, diet quality, and cattle behaviors. Social scientists
on the research team facilitated semi-structured discussions and consensus-building
activities where stakeholders explored their diverse mental models of rangelands,
interpreted data as a group, proposed potential management options, hypothesized
potential outcomes, and ultimately made management decisions. CARM decisions were
determined by consensus or a supermajority (> 75%) of the 11-member Stakeholder
Group, which included ranchers, nongovernmental conservation group representatives,
and state/federal land managers. The benefits of CARM came from the collaborative
ability of the Stakeholder Group to identify multiple management objectives and
effectively navigate tradeoffs while increasing livestock production above levels
frequently associated with the high stocking densities. The CARM experiment represents
an example of how collaborative rangeland partnerships can achieve both production and
conservation objectives. A potential challenge in translating the CARM experiment to
other contexts is the access to resources and expertise needed to create this data-
management feedback.

In addition to design and process questions, implementation challenges should be

considered a major focus for research. Social scientists are trying to create more effective
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ways of documenting practitioners’ experiential knowledge to improve the practice of
CAM (Beratan, 2014). When designing a CAM process, parties should consider the
degree of collaborative decision making desired, the amount of resources that will be
required, length of time necessary to design and establish the group, who will make
decisions, and how decisions will be made (Miles, 2013).

For example, CARM social scientists produced the diagram in Figure 4 to
illustrate how learning & management feedback loops worked in the Stakeholder Group.
Figure 4 shows a diagram of an iterative and adaptive feedback loop characteristic of
CAM and co-production approaches to science and management. Illustrating the learning
processes and different cognitive pathways help identify how and where range managers
and scientists engaged each other during the CARM grazing experiment. CARM
facilitators make a caveat that the theorized pathways of social learning are sometimes
multidirectional and there is the possibility that stakeholders can also forget and lose
learning (Wilmer et al., 2021). This observation is also reflected in climate risk

perception research around memory and forgetting (Beckage et al., 2018).
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Figure 4: CARM leaning loop. Reproduced from Wilmer et al. (2021b).

Social learning can serve as a helpful framework for thinking about how learning
happens in collaborative rangeland management projects. To connect this framework to
previous concepts, a review of the literature found that well-designed CAM processes co-
produce questions and facilitate social learning to communicate actionable findings.
Social learning is a change in understanding that goes beyond the individual to become
situated within wider communities of practice through social interactions between actors
within social networks (Reed et al., 2010). Recent rangeland social science has moved
towards documenting the collaborative process to identify where and how social learning

happens, such as with the Bruneau-Owyhee Sage-Grouse Habitat Project (BOSH) in



Owyhee County, Idaho (Brymer et al., 2018). Figure 5 illustrates the process qualities
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that enable individual-level and social learning that can contribute to multiple outcomes

at individual, network, and system scales.
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Figure 5: Social Learning Process. Reproduced from Brymer et al. (2018).

The results of the BOSH study suggest that, in addition to considering who is at

the table in terms of diversity and representation, researchers and participants should also

pay more attention to how participants converse. They recommend structuring activities

to create more opportunities for stakeholder dialogue, question-answer exchanges, and

constructive argumentation. The role of the facilitator is not to just get people to talk, but

to talk to each other in deliberate ways that enable social learning, generate knowledge,

and contribute to system, network, and individual outcomes. There also needs to be focus

on the recruitment of a diverse representation of epistemologies and ways of knowing.

The facilitative role is described in translational ecology theory as boundary spanning.
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Boundary spanners can function and organize as individuals, organizations, networks,
and more (Safford et al., 2017).

A number of projects and publications have recently emerged around the globe
that demonstrate the potential of collaborative transdisciplinary approaches to rangeland
research. In central Europe, researchers found that knowledge co-production with
traditional herders helped identify grazing practices with conservation benefits. The
ecologists and rangeland scientists worked closely with traditional herders to co-design
research projects and work together in data collection, analysis and interpretation. They
conclude that, “for efficient knowledge co-production we need not only the methodology
of the social sciences but also a stronger participation of ecologists who can dig deeper
into complex ecological issues” (Molnar et al., 2020). This observation is reflected in
other examples that show how ecologists can come from a variety of backgrounds, such
as the local Ilkisonko Maasai ‘ecological doctors.” A community-based qualitative study
with the Ilkisonko Maasai pastoralists in the Amboseli ecosystem of southern Kenya used
an iterative multistage research process to address livestock and carnivore conflict.
Researchers conducted interviews with more than 120 Maasai community members.
They learned that,

[H]erding best practices relevant to carnivore-conflict prevention are

inseparable from those related to pasture management and livestock

productivity and largely inseparable from traditional Maasai culture...This

means that good herders, who have been called ‘ecological doctors,’ can

support the vitality of not only plants and pastures but also lions,

ecosystems, and entire human cultures. (Jablonski et al., 2020)

In a case from the Pamir Mountains of Kyrgyzstan, Tajikistan, and Afghanistan, a

transdisciplinary process was used to bring together Indigenous ecological knowledge,

climate science, co-produced knowledge, and collaboration outputs (Kassam, 2021).
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What is unique about the Pamir case is the research team’s attention to validating and
testing plural ways of knowing with iterative community participation as well as to
creating dynamic education and agricultural extension materials (Figure 6). Although
conceptual diagrams are useful, there is much to learn from comparing how the complex
reality of these collaborations matches up with conceptual model processes. These
examples show how in this emerging transdisciplinary field of climate adaptation,
headwater range management, and knowledge braiding there is variation in terminology,
structure, and methodology. The implications of these examples for the proposed case
studies of this dissertation are that there needs to be close attention to 1) with whom and
where knowledge is co-produced; 2) how knowledge braiding processes are structured;
and 3) the importance of feedback to the co-production process itself, such as the “triple

loop” from the CARM example.
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Figure 6: Transdisciplinary process in Pamir. Reproduced from Kassam (2021).

This review of the literature finds that collaborative adaptive approaches to
rangeland and watershed research are gaining traction as methods to address wicked
problems. Assessing rangeland headwater management in an era of climate change will
require collaborative, co-produced research that meaningfully engages stakeholders in

social learning. Future collaborative partnerships aimed at restoring or adapting working
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rangelands have a growing body of literature to support their design and implementation.
Critical attention to history, marginalization, equity, knowledge braiding, and
collaborative relationships in the process is crucial. Although managing rangelands has
an array of newly available technologies such as remote sensing, embedded sensor
networks, DNA sequencing, and animal breeding genetics, there is still a need for land-
based learning and practical application of local, Indigenous and science knowledge.
Future facilitators of collaborative rangeland partnerships will need working knowledge
of emergent technology, social learning processes, and participatory governance
structures. Transdisciplinary collaborative science within rangeland social ecological
systems offers a hopeful way forward, but there is also a gritty reality of the difficult
work ahead. As Robin Reid says in her Walking with Herders lecture: collaboration is not

for the faint-hearted (Reid, 2016).

Dissertation Structure

This dissertation covers two case studies. The first is the Watershared
conservation incentive program in Bolivia. The second is the Wuda Ogwa ecological
restoration project led by the Northwestern Band of the Shoshone Nation.

Article One examines how the Watershared conservation incentive program
interacts with grazing practices and cattle-based livelihoods in the Rio Grande watershed
of Bolivia. The differences in management practices between participants and non-
participants that are documented in this paper provide a foundation for Article Two,
which explores the role of local field staff, who play a key role in translating conservation

goals on the ground and improving production practices through technical assistance,
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monitoring, and facilitating collaboration between local government, non-governmental
organizations, and local communities. Article Two explores how local field staff in the
Watershared program work as boundary spanners, translators, and knowledge braiders to
build the adaptive capacity of campesinos who are participating in the Watershared
program. Article Three applies the knowledge braiding framework in the co-production
of a climate-adapted stewardship strategy for ecological restoration at the Wuda Ogwa

site in the US Intermountain West.
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CHAPTER 2
THE INTERACTION OF GRAZING LIVELIHOODS AND INCENTIVIZING

WATERSHED CONSERVATION (ARTICLE 1)

Abstract

Rangelands across the world produce a suite of ecosystem services in addition to
agricultural goods. Conservation incentive programs like Payment for Ecosystem
Services (PES) create multifaceted incentive structures to encourage rangeland managers
to prioritize watershed function, carbon sequestration, wildlife habitat, and other
ecosystem services in addition to agricultural production. This research explores the
interaction between a conservation incentive program, grazing livelihoods, and rangeland
management by examining the Watershared program in Bolivia. Using a survey, semi-
structured interviews, and participant observation, it shows how range management
practices differ between Watershared participants and non-participants working in the
same area. Ethnographic data also show how participants conceptualized their
participation in Watershared, which emphasized care, reciprocity, and relational values.
The results of the study suggest that instead of conceptualizing PES as a purely market
mechanism, understanding how local partnerships can co-produce place-based strategies
that support local livelihoods is a critical part of understanding how to durably

incentivize ecosystem service provision on rangelands.
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Introduction

Rangelands primarily used for grazing and livestock production are increasingly
valued for a suite of ecosystem services that they provide (Briske and Coppock, 2023). In
addition to producing food and fiber, working rangelands and forests can potentially
support wildlife and biodiversity, carbon and water cycling, as well as human
communities and cultures (Kremen et al., 2018). “Active rangeland stewardship” is
proposed as a critical concept for maintaining and enhancing the ecosystem services
provided by rangeland social-ecological systems because benefits flow from nature to
people as well as from people to nature (Goodwin et al., 2023). In simple terms, active
rangeland stewardship is ongoing collective action motivated by a plurality of values to
care for a suite of ecosystem services and the rangeland communities who produce them.
Active rangeland stewardship supports ecosystem services in rangelands in three key
ways: avoiding conversion to cropland and development, restoration of degraded lands,
and adaptive management (Sanderson et al., 2020). A current research need is to better
understand how incentivizing conservation and active rangeland stewardship interacts
with rural livelihoods that are based on agricultural production (Haggerty et al., 2023;
Roche et al., 2021). Another research gap is understanding how transdisciplinary social-
ecological collaboratives can increase the adoption rate of active rangeland stewardship
practices with an explicit focus on building resilience to climate change risks (Dinan et
al., 2021). Current literature proposes that an ‘agro-ecological transition’ from solely
agricultural commodity production toward a more equitable and resilient stewardship is
facilitated by a mix of policy, participatory action research, and on-the-ground

relationships between scientists and ranchers that help adapt management methods
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(Sachet et al., 2021). Improving environmental outcomes on rangelands is important
because of their potential contribution to watershed health, climate change mitigation and
adaptation, and biodiversity conservation in addition to growing demand for agricultural
production (Magne et al., 2019; Porter et al., 2017; Tittonell, 2021).

One current strategy to improve environmental outcomes on rangelands is the
concept of Payments for Ecosystem Services (PES). PES is defined as a set of voluntary
transactions between service users and service providers that are conditional on agreed
rules of natural resource management for generating offsite services(Wunder, 2015).
These ecosystem services include provisioning services, regulating services, supporting
services, and cultural services (Costanza et al., 1997). Over the past decade, the definition
of PES has been adapted to cover a variety of approaches for incentive-based
conservation (Shapiro-Garza et al., 2020). Some of the contemporary variations in the
North American rangeland management sector include carbon sequestration and payment
for wildlife presence in addition to long-running initiatives like the Conservation Reserve
Program (Hendricks and Er, 2018; Macon, 2020; Spackman and Allison, 2018). In the
South American rangeland management context, recent conservation innovation includes
a focus on forest protection, watershed stewardship, wildlife conservation, and
silvopastoralism (Calle, 2020; Smith, 2024). PES programs often have dual goals of
environmental conservation and socio-economic development and implement these goals
by creating social and economic structures to support conservation in working landscapes
(Benra et al., 2022). Understanding how these conservation incentive programs interact
with rangeland management practices provides insight into how they try to meet these

dual goals and affect environmental and livelihood outcomes. This interaction is even
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more critical now in a context of climate change because of the potential for rangelands
to sequester carbon, support wildlife habitat and biodiversity, produce food for people,
and improve water cycle functioning (IPCC, 2023; USGCRP, 2023).

This paper reports on a case study of a PES program in Bolivia — the Watershared
Program — that can help address the need for enhanced understanding of the relationship
between PES and cattle-based livelihoods, which are globally widespread. This study
contributes to an emerging body of research on PES in grazing and rangeland socio-
ecosystems by exploring linkages between livelihoods, range management practices, and
participation in a PES program (Calle, 2020; Pagiola et al., 2007; Roche et al., 2021;
Shen et al., 2022).

Analysis of data from this case study explores two linked research questions: (1)
how does cattle ranching contribute to livelihoods in the Rio Grande-Valles Cruceios
region of Bolivia? (2) how do rangeland management practices vary between
Watershared participants and non-participants? The first question provides context for the
second and primary research question; while the second question provides insight into
how the Watershared program may be interacting with participants' range management
practices. I analyze data from surveys, semi-structured interviews, and participant
observation to answer these two research questions and to understand how the
implementation of incentive-based conservation programs may support smallholder
farmers’ and ranchers’ capacity to adapt to climate change. The evidence from this study
shows how Watershared’s combination of relevant incentive materials, conservation

contracts, and technical assistance works to find locally desirable ways to change grazing
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practices in ways that support livelihoods and support campesinos’ stewardship and care

of local watersheds.

Literature Review

Grazing, conservation efforts and climate resilience

Cattle ranching is identified as a driver of, and potential solution to,
environmental problems including deforestation and climate change (Rojas-Downing et
al., 2017). Grazing management that myopically focuses on maximizing production has
caused degradation of watersheds and rangelands worldwide (Teague and Kreuter, 2020).
Rangeland researchers are calling for transformational collaborative research situated in
both the role that grazing plays in rural livelihoods and cultures as well as the complex
role it plays in local ecologies (Reid et al., 2021). There is global interest in improving
grazing management practices to regenerate ecosystem function, improve watershed
health, increase biodiversity, and mitigate/adapt to climate change (Scoones, 2022). The
past century has seen a range of attempts to improve grazing management. In the United
States, legal frameworks like the Taylor Grazing Act and the science of rangeland
management came out of ecological crises caused by colonization, exploitation, and
overgrazing (Sayre, 2017).

While there is growing evidence of grazing management improvements yielding
ecological and social benefits, there is also a history of attempted improvements
negatively impacting smallholder ranchers. In northern Mexico, attempts to improve

cattle genetics and production hurt smallholder ranchers' livelihoods due to increases in
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input costs (Perramond, 2010). Poorly designed grazing improvement projects also have
had a negative track record, such as the World Bank failures in the Sahel where policy
between 1968 and 1980 tried to replace pastoralism with sedentary ranching (Gonin and
Gautier, 2015). Understanding the political ecology and history of attempted grazing
system improvements and pitfalls is important because there is now a large push
underway to address the climate and biodiversity impacts of the global food system.

Improving grazing management is a potential strategy to both mitigate and adapt
to climate change (DeLonge and Basche, 2018; Gosnell et al., 2019). Two main themes
of grazing land adaptive management are flexibility and learning under uncertainty
(Derner et al., 2023). There are four general strategies that ranchers can use to deal with
climate change impacts like drought and precipitation variability: 1) predict it using
weather and climate forecasting tools, 2) track it, 3) employ conservative stocking rates,
or 4) utilize inherent spatial variability to maintain ecosystem function and livestock
production (Derner and Augustine, 2016). Research suggests that mixed crop and
livestock agroecological systems can support sustainable smallholder climate adaptation.
A meta-analysis of mixed crop-livestock farms found more sustainable practices
compared to industrial monocropping, but, in an important distinction, found that a small
scale of operation does not predict sustainability (Rudel et al., 2016). To adapt to a
changing climate, development, extension, and climate adaptation agencies should
prioritize smallholder farmers for tailored policies and co-produced research that help
minimize environmental impact and mitigate climate change risk (Herrero et al., 2010).
Research recommends that smallholders should be supported by improved access to

markets, new crop and livestock varieties, emergent technologies, and knowledge
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transfers, and that this support should be framed by an explicit understanding of gender,
marginalization, and climate vulnerability (Owange, 2023). Other practical
considerations for adaptive strategies by grazing land managers amidst a changing
climate include (1) collaborative science—management partnerships becoming more
mainstream, (2) co-produced research with managers and researchers at ranch scales, (3)
development of communities of practice and associated learning opportunities, and (4)
continued co-development and advancement of technologies and tools that result in high
uptake adoption by ranch managers (Derner et al., 2023). The main point here is that
while grazing can contribute to climate change and biodiversity loss, a growing scientific
literature shows how to improve adaptive grazing management. The next needed area of
growth is how to make grazing management resilient to climate change.

Smallholder ranchers and farmers are potentially vulnerable to climate change
impacts like drought, increasing climate variation, and loss of forage and crop
productivity (Burnham and Ma, 2015) . These biophysical vulnerabilities are mediated by
human conditions such as socio-political institutions and economic structures (Radel et
al., 2018; Turner et al., 2003). Adaptive capacity is defined as, “the ability or potential of
a system to respond successfully to climate variability and change, and includes
adjustments in both behavior and in resources and technologies” (Adger et al., 2007).
Analysis of adaptive capacity at the individual and household scale focuses on social,
economic, and natural capital (Siders, 2019). There is also a push to think beyond
household scales to imagine and improve climate adaptive capacity that works at multiple
scales and institutional levels (Vallury et al., 2022). Recent research in Mexico on

smallholder climate vulnerability found that smallholders’ own perceptions of their
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vulnerability are likewise shaped by situational and social differences, including access to
community and household resources and variations in livelihood activities (Green et al.,
2020). This research on the Watershared program contributes to the adaptive capacity
literature by investigating whether conservation incentive programs can support the
adaptive capacity of smallholder farmers and ranchers together with pursuing more
traditional conservation goals like forest and water conservation.

Conservation incentive programs may increase capacity to adapt to climate
change by supporting practices that improve grazing management and watershed
resilience to drought and precipitation variability. Reducing riparian degradation through
managerial investments in grazing distributional practices like fencing for rotational
grazing, improved forage nutrition, mineral distribution, and range riding can provide an
opportunity for ecological restoration and improved riparian ecosystem functioning
(Derose et al., 2020; Goodwin et al., 1997; Papanastasis, 2009). Research on cattle
exclusion from riparian zones found that streambank fencing combined with cattle
watering infrastructure improved riparian health and prevented water quality degradation
(Miller et al., 2010). Prior livestock exclusion research from the 1980s and 1990s found
mixed results due to poor study design and agenda-driven research (Sarr, 2002). More
recent evidence points to the importance of active human management like range riders
who move cattle off of riparian areas (Roper and Saunders, 2021). The need for active
human management of grazing cattle that builds off cattle’s social behavior, and
ecological processes is a common theme in more recent rangeland management literature
(Bailey et al., 2019; Brunson and Burritt, 2009; Burritt, 2012). These advances in

research are part of the evidence base that supports active rangeland stewardship as a key



51
concept in both the production of ecosystem service and adaptive capacity to climate

change risks.

What do we know about why people change their grazing practices?

This question has been considered by agricultural, conservation, and extension
scientists for almost a century and there are several main theories developed in response.
Innovation diffusion theory was the foundation of extension agriculture outreach methods
since the mid-20th century (Stephenson, 2003). The theory describes an adoption curve
where innovation is initially adopted by a small group of innovative farmers and diffused
from farmer to farmer. Over the past 30 years, the theory was criticized for individual-
blame bias, favoring large wealthy farmers and increasing inequities in rural areas. Rural
sociologists observed that the application of innovation diffusion theory in developing
countries had undesirable consequences (Goss, 1979). The theory assumed benefits
resulting from the adoption of innovations would spread and become homogeneous, yet
experiences from Latin America showed a widening inequality gap.

In response to these critiques and shortcomings, alternative theories were
developed alongside research into determinants and barriers to adopt. A common
contemporary framework is the theory of planned behavior. This theory describes how
attitudes, subjective norms, and perceived behavioral control influence intentions, which
influence behavior. Applications of this theory emphasize knowledge and education as
drivers of attitude changes (Senger et al., 2017; Tama et al., 2021). In addition to theory,
scholars have explored determinants and barriers to innovation adoption in agriculture.

Several meta-reviews found that there were very few consistent determinants of adoption
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(Baumgart-Getz et al., 2012; Knowler and Bradshaw, 2007). Variables most often
positively associated with conservation included education, capital, income, farm size,
access to information, positive environmental attitudes, and social networks (Prokopy et
al., 2008). An updated meta review found that attitudes toward a program or practice
emerged as the strongest predictor of adoption (Prokopy et al., 2019). Other important
variables include farmer identity, actively seeking and using information and
conservation/stewardship ethic. This ethic and stewardship identity describe a ranchers’
sense of responsibility toward land management that values the health of the land and the
well-being of people (Eaton et al., 2019). Finally, economic values drive innovation
adoption. Conventional thinking is that the most important factor in conservation practice
adoption is that it makes a farmer money, directly or indirectly (Hoag et al., 2012).
Economic and ecological factors often intermix to create adoption barriers such as high
initial costs, water limitations, and ranch conditions (Che et al., 2023).

Scholars and practitioners working at the intersection of range management and
socio-ecological systems are finding that there is a context-specific mix of factors that
affect adoption of new practice as well as behavior and cultural change (Smith et al
2023). Some of these main factors are land access, trusted technical assistance, financial
capital and incentives, supply chains, strategic communications, research and science,
and policy reform (O’Connor, 2020). There are also unpredictable and affective factors
that spark transformational adaptation such as crisis, epiphany, and exposure to
alternative pathways (Gosnell et al., 2019). Research shows how non-material subjective
factors associated with feelings, emotions, virtues, drives, and motivations can play an

important role (Wilmer and Ferndndez-Giménez, 2016). There is also an expanding
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interest in understanding feedback loops that involve ongoing experiential social learning
and growing critical consciousness to achieve agroecological system transformations

(Brymer et al., 2020; Meredith et al., 2021).

PES in grazing and rangeland socio-ecosystems

There is also a recently growing body of research studying the interactions
between PES programs and rangeland socio-ecological systems. In the context of
grassland degradation in Inner Mongolia due to overgrazing and cropland expansion,
China’s pilot Grassland Ecological Compensation Policy (GECP) program pays livestock
herders to compensate for reductions in grazing intensity or the cessation of grazing
activities. The GECP is one of the world’s largest rangeland PES programs and is
showing some positive ecological results across multiple studies using remotely sensed
normalized difference vegetation index data as the indicator of outcome (Wei et al., 2022;
Zhou et al., 2023). In a study that analyzed the effects of payment levels and
socioeconomic factors on herders’ willingness to participate in the GECP, results showed
that households with lower herding income, older age, higher education, larger grassland
areas, and worse social relationships are more inclined to participate in the GECP (Shen
et al., 2022). Conservation payment levels and these socioeconomic factors significantly
affected herder response. A prior study found that the GECP improved grassland quality
to only a small extent but had a large positive effect on income (Hou et al., 2021).
However, it also exacerbated existing income inequality among herders within their local
communities. Another recent study from Inner Mongolia points out that although the

overall ecosystem services in the study area have improved over the past 20 years,
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grazing pressure management should be strengthened to improve the resilience of
ecosystem services to future climate conditions (Li et al., 2021).

Several studies from Central and South America have also analyzed the
intersection between ranching and PES programs. In Colombia, ranchers’ top motivations
for adopting different silvopastoral systems were improving cattle productivity,
protecting the environment, accessing technical assistance, and recovering soil fertility
(Calle 2020). In a surprising finding, ranchers ranked PES and monetary incentives as the
least important motivations, while extension agents considered them as key factors for
forest and riparian buffer protection. Another study from Ecuador found that grazing was
significantly reduced by almost 20% over a ten-year period and that households
continued to refrain from grazing even after experiencing payment loss (Hayes et al.,
2022). An important theme to emerge in many of these PES and grazing studies results is
the importance of aligning project objectives with community conservation and
livelihood goals.

There is a need for more co-produced research on how PES interacts with grazing
livelihoods. Rural livelihoods are complex, multidimensional, and context-specific
(Scoons, 1998). Sustainable development literature defines livelihoods as the capabilities,
assets, and activities that comprise a means of living while also recognizing that there is
often a seasonality and inter-annual variation to rural livelihoods (Chambers and
Conway, 1992). Resiliency literature emphasizes that livelihoods are sustainable if they
can cope with and recover from shocks and stresses (Vercillo, 2016). Because potential
shocks and stresses, such as climate change, are deeply intertwined with local and global

ecologies, there is a need for an interdisciplinary social and ecological lens (Sayre et al.,
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2013). Feminist political ecology emphasizes consideration of the intersectional,
emotional, affective and relational aspects of livelihoods (Radel et al., 2023). Finally,
there is a need to consider justice and equity concerns such as access to opportunities that
are shaped by power and the political dimensions of livelihoods. Research into these
concerns and dimensions includes labor migration, gendered aspects of livelihoods,
climate change adaptation, and social movements working to change livelihood
conditions (Deere et al., 2018; Green et al., 2020; Jakobsen and Nielsen, 2024; Nunan et

al., 2022) .

The political ecology of Bolivian cattle grazing

Deforestation in Bolivia has increased in recent years, with fires and land
clearance for expanding soy farming and cattle ranching identified as the main drivers
(Butler, 2021). Bolivian cattle ranching was historically driven by the proximity to local
markets and led to the replacement of forest by pasture, particularly in the lowlands on
the eastern side of the Andes Mountains (Struelens et al., 2017). Today, the dynamics of
the Bolivian cattle market are changing, and new issues are arising with the increase in
beef exports. The most common grazing system involves semi-intensive range operations
on medium-and large-scale units located mainly around Santa Cruz, in the Amazonian
north, and in the Chiquitania dry forest (Miiller et al., 2014, 2013) . The largest share of
cattle-driven deforestation results from large-scale ranches owned by traditionally
wealthy families who have access to extensive land areas, though some Brazilian capital
also plays an important role, especially in areas near the Brazilian border (Miiller et al.,

2012). Information released by the Bolivian Institute of Foreign Trade shows the volume
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of beef exports between 2019 and 2020 increased by 296% and, in 2020, Bolivia
exported more than 14 million kilos of beef with the top export markets in China and
Peru, with profits of over 60 million dollars reportedly benefiting just a few ranchers
(Valencia, 2021). According to Oscar Ciro Pereyra, president of Bolivia's Cattle-ranchers
Confederation, there is a desire to expand exports to Chile, Russia, Ecuador and other
markets (Yamei , 2020). The larger political-ecological context that frames this study is
the expansion of the Bolivian cattle industry responding to export markets and fed by
larger ranches in the eastern side of Santa Cruz. This export strategy is similar to other
Bolivian development strategies centered around soy and methane gas industries that
have been the economic engine of eastern Bolivia and the source of national funding for
municipalities and national poverty alleviation. Local environmental activists and
researchers point out that policies promoting the expansion of agriculture are driving
deforestation and wildfire caused by land clearance (Butler 2021).

In the Rio Grande watershed and the Valles-Crucefios area where our study site is
located, extensive grazing, slash and burn agricultural clearance techniques, known as
chaquear, and logging are the primary threats to forest and water quality. Bolivian NGOs
like Fundacion Natura Bolivia are calling attention to how cattle damage riparian areas
through overgrazing and compacting soils. The impacts of grazing-induced ecological
degradation include reducing forest regeneration, increased erosion, water sedimentation,
and pollution. Because most people living in the study area rely on surface water for
drinking and irrigation, this ecological degradation also has an impact on people’s quality

of life and livelihoods.
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Data and Methods

Study area

This study collected data in four municipalities in the Department of Santa Cruz
in Bolivia: Vallegrande, Postrervalle, Pucara, and Samaipata. This area is located
approximately 125 kilometers southwest of the capital city of Santa Cruz (Figure 1). This
study area is of particular social and hydrological importance because it contains the Rio
Grande and the main watershed for this city, which is one of the fastest growing cities in
South America and a major agribusiness hub and economic engine for Bolivia (Cantini et
al., 2019).

Many of the people interviewed for this research described themselves as a
campesino or del campo, but it is not assumed that all residents primarily or solely
identify in this way. There are many identities of rural landowners and land stewards in
the study area. The area is home to diverse people, livelihoods, and geographies. There
are also highland indigenous, internal, and international migrants who moved to the
larger Santa Cruz region to start agricultural operations (Nobbs-Thiessen, 2020).
Municipal livelihood data give a broad overview of municipal demographics, agricultural

land use percentages, and the top three crops and livestock in the study area (Table 1).
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Table 1: Municipal livelihood data from the Bolivia National Institute of Statistics (2019)
and agricultural data from the Bolivia Agricultural Census (2013). Agriculture and
livestock production are common livelihood activities in the area, and the fishing
livelihoods come from proximity to large rivers like the Rio Grande.

Percent of
total land
in
Populatio productio | Top three crops Top three
Municipality n Top three livelihoods n by yield livestock
Valleorande 18.202 Agriculture, livestock 36.4% Beans, corn, Bees, cattle,
& ’ production, fishing e potatoes pigs
Agriculture, livestock Potatoes, sugar Cattle, bees
bl ) > il
Postrervalle 2,112 production, fishing 53.9% cane, green pigs
beans
Pucara 1.763 Agriculture, livestock 40 3% Potatoes, oats, Bees, cattle,
’ production, fishing =70 apples pigs
Agriculture, livestock Tomatoes, Bees, cattle
Samaipata 10,524 rgd i ‘E) Keeni 23.0% potatoes, green ’, >
production, beekeeping beans pigs

Watershared case study background

The PES variant explored in this case study is the Watershared program in
Bolivia, which was developed by the non-governmental organization (NGO) Fundacion
Natura Bolivia (FNB). Watershared offers conservation contracts to campesinos, rural
farmers and ranchers, who receive material incentives like water pipe, fencing, pasture
seed, bee boxes, fruit trees, and construction supplies in exchange for protecting an
agreed upon area of their land for three years. The amount of incentive materials
corresponds with the amount of land enrolled. Although Watershared contracts are a
hybrid form of PES, FNB does not use the terminology of PES in the Bolivian political

context, where there is historical skepticism about market-based conservation
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mechanisms (Hines, 2022; Miiller et al., 2013). FNB instead frames the contracts as
Reciprocal Watershed Agreements, or Acuerdos Reciprocos de Agua (ARA). This
framing emphasizes social and ecological reciprocity, while building funding
partnerships with local municipalities and water-user associations to offer in-kind
incentives to campesinos (McWherter et al 2023). In Bolivia’s Rio Grande-Valles
Crucefios region, these Watershared-protected areas are usually riparian zones and
headwater streams. Headwaters are the origin and source of a river, in this case the Rio
Grande, which is a tributary of the Amazon River. Overgrazing, overcropping, and
excessive timber harvesting in these headwaters pose risks of environmental degradation
including erosion, water pollution, and loss of water sources. The highest level of ARA
contracts stipulates that campesinos exclude cattle from riparian conservation areas and
halt forest clearing for the three-year length of the contract. Other levels of ARA contacts
allow for cattle in the conservation area and focus on halting forest clearance. Previous
research on Watershared has explored impacts on water quality (Pynegar et al., 2018),
participant motivations (Authelet et al., 2021), and administrative implementation

(Bauchet et al., 2020).

Data collection

A team of US and Bolivian researchers surveyed a random sample of Watershared
participants and non-participants in person between 2018 and 2021. After disruptions
during the Covid pandemic, the survey data collection was finished and data were
cleaned in 2022. The final dataset includes a total of 984 households, of whom 546 had at

least one program participant (participant households) and 438 had none (non-participant
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households). The survey instrument was designed and implemented in conjunction with a
Randomized Control Trial (RCT) to evaluate the effect of unconditional (vs conditional)
PES program design on participation and outcomes (Bauchet et al, forthcoming). The
survey data allow for comparison of rangeland and watershed management practices
between participants and non-participants.

In 2019, the author conducted 77 semi-structured qualitative interviews (34 with
Watershared participants, 35 with non-participants, and 8 with other key informants).
These interviews took place in nine communities across the four municipalities. Within
each community, the researchers used a combination of purposive and snowball sampling
to recruit interviewees who were participants and non-participants in the Watershared
program offered in their community. These interviews mostly occurred at interviewees’
houses and farms and consisted of an hour-long interview conducted in Spanish. Field
researchers stopped conducting interviews in each community upon reaching data
saturation, when the team assessed that additional interviews did not provide researchers
with new information or themes. The sampling design of interviewing individuals in both
conditional and unconditional communities (as well as participants and non-participants)
corresponded with the related RCT and survey design.

Participant observation by the author consisted of assisting with working cattle on
a Watershed-participating family ranch in the Vallegrande municipality. Activities
included participating in the moving of cattle to grazing sites on foot and horseback,
helping with roping and doctoring cattle to carry out rabies vaccinations, and milking
cattle for dairy production. The field research team also participated in FNB events like

ARA field schools that trained municipal staff in program development as well as
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contract-signing ceremonies between FNB staff and participants known locally as

entregas. Participant observation also included accompanying local FNB field staff while

they distributed incentive materials and helped troubleshoot material installation. The

field team also attended a field day where program funders, FNB staff, and local political

leadership met to discuss the impact of the Watershared program.

Table 2: The distribution of community member qualitative interviews across

communities and program participation status.

Community | Municipality | Conditionality | Participants | Non-Participants Total
1 Postrervalle Unconditional 1 3 4
2 Postrervalle Conditional 7 4 11
3 Pucara Conditional 5 1 6
4 Pucara Unconditional 6 14 20
5 Samaipata Unconditional 3 1 4
6 Samaipata Conditional 3 3 6
7 Samaipata Conditional 2 2 4
8 Vallegrande Conditional 1 2 3
9 Vallegrande Unconditional 6 5 11

TOTALS 34 35 69

Note: A total of 69 of the 77 interviews conducted were with community members and eight were with
other stakeholders and key informants including government (judicial, community, or municipal) and NGO
staff who operated across multiple communities.

Data analysis

Livelihood data from the survey included reported income, cattle ownership rates,

and grazing and land management practices. Survey data were processed with SPSS
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software (Version 28) to generate descriptive statistics. Grazing management and
agricultural practice data from the survey were also processed with SPSS using cross-
tabulation and a Pearson's Chi-square test for statistical significance of differences
between Watershared participant and non-participant responses. Also known as a Chi-
square test for independence, this test evaluates the distribution of a relationship between
two categorical variables. By comparing the distribution of reported rangeland
management practices between participants and non-participants, this identifies if the
practices are correlated with, and therefore may be related to, participation in Watershed.
While this test can help identify grazing practices that are associated with Watershed
participation, it cannot confirm if participation caused a change in these practices.
Additional qualitative methods complement, contextualize, and clarify the results of
survey data analysis.

Qualitative data analysis used thematic coding methods to identify recurring
themes, patterns, and categories in the interview dataset (Saldafia, 2016; Timmermans
and Tavory, 2012). This analysis of interview data used the NVivo software package. The
qualitative coding process was iterative and collaborative among the research team. An
initial codebook, a set of thematic codes, was developed before the coding process based
on PES and rangeland management literature. The codebook was subsequently revised
based on interview data, the coding process, team memoing, and a separate review for
intercoder reliability.

Available interview data include qualitative descriptions of campesino livelihoods
and perceptions of Watershared participation that shed light on experiences of program

participation and its impacts on their practices and the livelihood outcomes. The thematic
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codes that were used to analyze interviews for this paper include 1) livelihood strategies,
2) changes in agricultural practices, 3) livestock management, and 4) water management.
Field notes and photographs from participant observation of cattle management practices
were inductively analyzed and memoed to add critical nonverbal contexts that contribute
further descriptive depth to codes and themes identified in interviews about how ranching

contributes to campesino livelihoods (Phillippi and Lauderdale, 2018).

Results

How cattle ranching contributes to campesinos’ livelihoods

Findings indicate that cattle are an important, although not exclusive, part of rural
livelihoods in the Rio Grande-Valles Crucefios study area. For surveyed participants in
Watershared, 77% reported their household owned cattle; while for surveyed non-
participants, only 63% did (Chi-square = 22.891; p<0.001). This statistically significant
difference reflects that the Watershared program is intentionally engaging campesinos
who are involved in cattle ranching because that is the demographic best positioned to
take the conservation actions involved in Watershared. The difference also may reflect
the fact that owning land to put into conservation is necessary to participate in
Watershared. Not owning land makes it more difficult to own cattle because it otherwise
requires leased or rented grazing land, which decreases ranching profitability.

Reported cattle ownership numbers also varied for participants and non-
participants. Overall, the majority reported owning under 100 head with a few large herds

that topped out around 450 head. Of the 537 survey participants who reported owning
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cattle, the mean number of cattle owned by participants was 20 with a standard deviation
of 39 while for non-participants it was 12 with a standard deviation of 24 (t-test p=0.004,
equal variances not assumed). Data on the size of herds were not gathered during the
2018 surveys.

Survey data show that most respondents have a diverse agricultural income
coming not just from the sale of all classes of livestock including cattle, pigs, chickens,
and other animals (26% of mean total income) but also from fruits (21%) and crops
(16%) (Table 3). For those households with cattle, respondents reported selling a mean of
3 cows or calves in the last year (n=690). The reported mean price for cattle per head was
1894 Bolivianos (Bs) (about 700 USD PPP) with a standard deviation of 903 Bs (n=397).
This cattle price statistic includes bulls, cows, calves, and heifers, which contributes to
the large standard deviation. For the much smaller portion (2%) of households with
income from milk, the mean income from milk in the month before the survey was 472
Bs (or 175 USD PPP; 13% of mean total income). For those producing and selling cheese
(9% of respondents), the mean income from cheese in the month before the survey was
1083 Bs (or 401 USD PPP; 30% of mean total income). Only 4% of respondents reported
honey income, and they averaged 1229 Bs/month income (or 455 USD PPP), which
represents 34% of the average monthly income. Beekeeping equipment is an incentive

offered by the Watershared program.
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Table 3: Reported monthly income and income from select agricultural sales.

As percent of

Households Mean reported Mean reported average monthly
Income reporting income: monthly income monthly income income for all
source No. and percent in Bolivianos (Bs) in US dollars* households
Total monthly 984; 100% 3636 Bs $1347 100%
income (n=984)
Livestock (all 000 961 Bs o
animal sales) 983, 99% (n=983) $356 26%
. 770 Bs
. 0, V)
Fruits 984; 100% (n=984) $285 21%
584 Bs
. 0, 0,
Crops 983; 99% (n=983) $216 16%
1229 Bs
- A0, 0,
Honey 37; 4% (n=28) $455 34%
Milk 17; 2% 472 Bs $175 13%
(n=15)
Cheese 86; 9% 1083 Bs $401 30%
(n=79)

* Adjusted for purchasing power parity.

Land ownership patterns are important context to understanding local livelihoods.

The mean amount of reported cultivated land by ARA participants was 6.1 hectares, with

an additional 14.5 hectares of pasture and 81.5 hectares of forest. Mean values reported

by ARA non-participants were 2.7 ha cultivated (t-test p<0.001), 6.1 ha in pasture (t-test

p<0.001), and 44.6 ha in forest (t-test p<0.001). The main type of land ownership in the

area is private, with 96% of participants and 83% of non-participants reporting private

individual titles (N=973; Chi square=41.437, p<0.001). The National Institute of

Agrarian Reform (INRA), a public entity of the Ministry of Rural Development and

Lands, is carrying out a titling process known as saneameinto (or restructuring) where

campesinos can request title. The presence of INRA’s saneameinto work was a topic that
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came up in many interviews and participant observations. Using cattle and agriculture as
part of one’s livelihood strategies requires land and some form of tenure right for that
land, so the saneameinto process is important for many Bolivian campesinos. An
important local aspect of cattle livelihoods is that many campesinos own land parcels in
several communities and move their cattle from one parcel to another, a practice known
locally as traslado. The ability to move cattle is critical for good range management
because movement allows for a rest in grazing pressure that allows vegetation to regrow.
This movement known as transhumance also allows livestock producers to respond to
seasonal forage availability and spatio-temporal heterogeneity. According to an FNB
field staff member, “In the majority of cases, people have their land holdings in two or
three communities and they rotate their livestock.” Survey data reflected this land
ownership pattern, and 58% of all participant survey respondents reported owing more
than one plot of land (Table 4). Among non-participants, only 42% reported owning more

than one plot of land.

Table 4: Number of land plots owned by all survey respondents (N=977).

Number of Participants: Participants: | Non-participants: | Non-participants:
plots Frequency Percent Frequency Percent
0 0 0 37 8.5
1 229 42.3 215 49.3
2 157 29.0 116 26.6
3 95 17.6 46 10.6
4 32 5.9 14 3.2
5 15 2.8 6 1.4
6 5 0.9 2 0.5
7 3 0.6 0 0
8 2 0.4 0 0
9 1 0.2 0 0
10 1 0.2 0 0
11 1 0.2 0 0
Total 541 100 436 100
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Cattle provide an income source in between harvests of crops as well as an
important source of nutrition. A common way that cattle are sold in the Valles-Crucefios
area is to comerciantes, merchants who travel through the region by truck, buying cattle
to take to local markets. Selling small numbers of cattle to comerciantes provides a cash
flow when other agricultural goods like crops and fruit are not yet ready for sale. Survey
data and participant observation show how cattle make up parts of people’s livelihoods
beyond selling animals. Despite a lack of electricity that makes refrigeration difficult,
participant observation and interviews found cooperative and practical ways that
campesinos work with cattle to maintain their nutritional needs. Communities included in
the survey had low access to year-round electricity from power lines, with 31 of the 48
communities reporting not having year-round access to electricity. With community
butchering, a cow is slaughtered and split between several families so all of the meat is
used. Some of this meat is also preserved as a dried meat product known as charque,
which is then rehydrated in soups and other dishes. In the field, we observed how
campesinos manage a source of protein without consistent refrigeration. A total of 56%
of survey respondents with cattle reported eating at least one or more of their cows in the
past year (N=652).

Interviews and participant observation show an affective and historical
relationship to cattle ranching, in addition to the material relationship through current
livelihood activities. An elderly campesino said, “But my intention is, until I die, to have
even two cows, but I always want them, the thing is that I love animals very much. I like

them a lot and that is also why I can't go anywhere else, I would miss my beloved
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animals.”? Another young rancher described how his family had raised cattle for six
generations in the Santa Cruz area since the arrival of the Spanish. His description of his
family’s history was intertwined with his identity as a ganadero, or cattle rancher. During
an afternoon of roping cattle with his family to administer vaccines, we used braided
rawhide lassos that are common in the vaquero tradition that stretches from Argentina to
northern Nevada. As an uncle described the local rawhide braiding and roping traditions
to the younger family members, he spoke about their care for the cattle as connecting
them to their own histories and family legacies. In addition to multigenerational ranching
families, we also interviewed first generation cattle ranchers and people who described
their knowledge coming from multiple sources including multigenerational cattle
ranchers, family members who studied animal science, and migrants who bring new

ranching knowledge.’

Differences in range management practices between Watershared participants and

nonparticipants

Range management practices used by Watershared participants and
nonparticipants were studied by participant observation, semi-structured interviews, and a

survey. Our analysis of the survey data found statistically significant differences in

2 Pero mi intencion es, hasta morir tener aunque sea dos vacas, pero quiero tener, es que
mucho quiero a los animales, me gustan mucho, y es por eso también que no puedo irme
a otra parte, tengo mucha pena de mis animalitos.

3 ;Nuestros padres y nuestros abuelos, son ganaderos. Asi la traemos. Yo tengo hermano
tambieén veterinario...Que él viene, trabaja en la ciudad... Yo, la verdad, aprendi de mi
padre...Uno ha nacido con eso ya, con ese conocimiento... También trabajé de ganadero-
- de vaquero por alla por Tachuelo, eran unos turcos, unos chatures, tales chatures, se
apellidan Chatur. Yo ahi aprendi a como se hace el manejo de ganado mecanizado.
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practices reported by Watershared participants and non-participants for fencing off water
sources, adoption of pasture management techniques, and development of irrigation
systems and cattle water ponds (Table 5). The following statistical results for cattle
management practices are restricted to survey respondents who reported owning cattle at
the time of the survey. By comparing reported management practice between participants
and non-participants, we can understand if there are practices associated with
participation. This association helps us understand how participants are engaging the
Watershared program to address both water conservation issues as well as support their

own livelihoods.

Fencing

Watershared participation is associated with riparian fencing practices for cattle-
owning families. Riparian fencing is designed to address water quality issues associated
with cattle grazing by keeping animals off the banks of waterways to reduce sediment
erosion and improve riparian vegetation cover. There was widespread agreement between
Watershared participants (95%) and nonparticipants (96%) that unmanaged cattle can
impair water quality (Chi-square=0.989; p=0.320). Among the non-participating
households who also reported owning cattle, 37% reported having fenced their water
sources to keep cattle out; while among cattle-owning Watershared-participating
households, 48% did (see Table 5; Chi-square = 7.193; p = 0.007). The difference in this
management practice is likely both because barbed wire is an incentive that is offered
through the Watershared program and because riparian cattle exclusion is a stipulation in
ARA contracts. Exclusion from the conservation area is expected for the three years

under the ARA contract, and the contract can be subsequently renewed.
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While protecting water sources was the primary use of fencing incentive
materials, some interviewees described using the barbed wire to protect their huertas,
household gardens, from free-ranging livestock. Participant observation also saw
examples of campesinos who used the wire for rotational grazing purposes. The
interviews demonstrated that some campesinos viewed the expansion of fencing
positively for social reasons of encouraging respect for property boundaries. Some also

reported management advantages to increased fencing, such as not losing livestock.

Pasture seed

Interviews described how a traditional grazing management practice in the area
was to let cattle freely roam in forested and riparian areas. Ranchers referred to this
extensive management as ganado suelto, or loose cattle. This practice contrasts with a
more intensive system of management where cattle graze in fenced and managed
pastures. Interviews with campesinos and FNB staff detailed how improved pasture grass
seed is a Watershared material incentive that is used to improve the forage productivity of
these managed pastures. As explained by an FNB key informant, FNB offers pasture
grass seed as an incentive in order to produce more nutritious forage for cattle using a
smaller amount of land. FNB’s field staff reported that they offer technical advice on how
to plant and manage grazing pasture in conjunction with the provision of the seed and
later as a part of ARA monitoring visits. The planting of pasture (in the last 12 months) is
another management practice we found to differ between cattle-owning Watershared
participants (41%) and non-participants (27%) (see Table 5; Chi-square=7.243; p=0.007).
A Watershared participant described a visit from a FNB fecnico to the participant’s land

holding where they both reviewed land use and the functionality of pasture seeds that
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were provided as incentive. The participant described how FNB tecnicos also shared
grazing management knowledge so that campesinos can improve their conservation

practices.*

Water infrastructure

Irrigation systems and cattle water pond development are another set of
management practices where survey data show a difference between Watershared
participants and non-participants. There is a statistically significant difference between
cattle-owning participants (34%) and non-participants (25%) on the reported use of an
irrigation system (see Table 5; Chi-square=7.431; p=0.006). The development of water
sources for irrigation is a large part of what the Watershared program offers in terms of
materials, knowledge, and connecting participants to other sources of water development
funds from national and municipal sources.

Developing water sources for cattle outside riparian areas allows campesinos to
conserve streams and springs while still maintaining their cattle production livelihoods.
Survey results found a difference between cattle-owning participants (29%) and non-
participants (18%) around use of any constructed water source for cattle (see Table 5;
Chi-square=7.080; p=0.008). This difference may be explained by the fact that ARA
participants are eligible to receive materials like pipe and troughs to construct water
sources and participants also receive technical advice from FNB field staff about how to

design and use water developments. Participant observation and interview data show

4 ..El técnico viene a ver también, si, le dan una capacitacion, y el técnico viene a ver si
lo sembro o no lo sembro. Pero si nacio muy bueno, muy bien la semilla...Vienen y
explican y dan cursillos, asi que ya la gente que estaba retrasada ya se estd
actualizando.



widespread interest in developing water sources for drinking and irrigation, suggesting
access to materials and knowledge is the barrier, not interest. There is also a difference
between participants (24%) and non-participants (17%) with cattle for reported use
specifically of a water retention pond, or atajado, in a nearby field (see Table 5; Chi-
square=3.567; p=0.059). By slowing, sinking, and spreading water, these ponds are
designed to reduce the negative outcome risks of drought and precipitation variability.
Participants’ ponds were constructed with heavy equipment funded by local municipal
governments so that irrigation equipment distributed by Watershared could be used to
water crop fields as well as provide cattle drinking sources. Interviewed participants
reported that they were able to extend the growing season with this infrastructure from
one to two crop cycles.

The findings around the use of fencing, pasture seed, and water infrastructure
show evidence that the materials offered by Watershed are both useful and relevant to
campesino livelihoods. Findings from the livelihood data show the diversified
agricultural income streams that support campesinos. The design of Watershared’s
incentives may contribute to further diversification of agricultural livelihoods by

supporting enterprises like honey and fruit production.
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Table 5: Summary of reported range management practices. Apart from the reporting of
cattle ownership, analysis of all other variables is restricted to survey respondents who

reported cattle ownership at the time of the survey.

pond in nearby field

Watershared Non- Chi-square

participants Participants value p value Sample size
Own cattle 77% 63% 22.891 <0.001 983
fgﬁfcee‘l water 48% 37% 7.193 0.007 580
Eg‘s‘:ti’g Ef‘(f;‘iﬁ‘s’)seed 41% 27% 7.243 0.007 364
]s)yz;lr‘l’ped rrigation 34% 25% 7431 0.006 695
Used any
constructed water 29% 18% 7.080 0.008 440
source for cattle
Constructed atajado 24% 17% 3.567 0.059 633

Technical assistance, sources of knowledge, and shared narratives

Technical assistance to participants is provided by FNB field staff and involves

troubleshooting the application of material incentives as well as teaching about

conservation and land management principles. Survey analysis found a significant

difference between participants and non-participants in reported rates of being offered

technical assistance in the last 12 months (Table 6). This statistical result was consistent

between cattle owners and the full set of sampled households including those who did not

report cattle ownership. Other survey results provide more evidence about the impact of

knowledge exchange between FNB staff and participants. Seventy three percent of

Watershared participants reported learning about watershed management from FNB staff,
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21% reported learning about irrigation management, 16% reported learning about
livestock management, 73% reported learning about forest management, 7% reported
learning about beekeeping, and 14% reported learning about climate change. Only 2% of
participants reported learning nothing from FNB staff.

Participant observation of cattle management illuminated that campesinos use a
number of sources to gain knowledge to improve their production practices. On an
afternoon of working cattle, young ranchers were learning traditional roping techniques
from elderly campesinos as well as looking up medication dosage recommendations on
their smartphones. They spoke about local cattle associations offering workshops on
production techniques and on newly available technologies like rabies vaccinations.
Several had studied agricultural sciences at technical universities in cities like

Vallegrande and Santa Cruz.

Table 6: Reported technical assistance.

Watershared Non- Chi-square Sample
participants participants value p value size

Cattle owners: Reported
received technical assistance 21% 12% 7.529 0.006 514
in the past 12 months.

All respondents: Reported
received technical assistance 23% 13% 11.044 <0.001 768
in the past 12 months.

The interview dataset provides insight into how improving cattle management
practices is connected to a larger consciousness-building process where participants

identify with stewarding and caring for the well-being of the watershed and their
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neighbors. One Watershared participant spoke about how he plans to manage the
conservation area after his contract expires:
For me, ’'m going to continue to manage my cattle outside of the sensitive
watershed area. Because I am one of those convinced that if I care, I care to
have water for myself and for my animals and also for the neighbors.
Because the damage is not only to me, but also for others, because the water
comes out and continues its course to other families, but if we degrade the

headwaters, it dries up, I am affected and even more, the other families. But
I personally am going to continue protecting the watershed.

This participant’s description of his motivation for improving his cattle management
practices illustrates how he has the ability to take care of the watershed and the many
relationships that rely on the water. His description evokes the relational values of taking
care of his land, water, animals, and neighbors. Another interviewee describes how his
education about range management knowledge improved as a result from workshops led
by FNB:

They (FNB) teach about having to divide a pasture into three or four parts

so that at one time we have a cow in a pasture, at another time another, at

another time another, so cows are not remaining on a pasture all year long.
That and everything is based on terrain.

In both previous interview quotes, the participants are describing a process where they
are conceptualizing their livelihoods intertwined with their local ecology.

Evidence from participant observation shows how Watershared organizers
engaged in social recognition that upheld local norms as a way to co-produce a narrative
about the meaning of participating in Watershared. This social recognition happened at
the semi-public entregas, the events where participants signed Watershared contracts in
front of a crowd of FNB representatives, local municipal officials, and their campesino
neighbors. After the signing ceremony, many photos were taken with participants and

officials in front of incentive materials. As we observed at several entragas, this social
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recognition for engaging in improved grazing management was part of the story that
Watershared organizers and their partners in municipal governments told, often revolving
around local values of reciprocity and care. This story also reflected a core philosophy
underlying Watershared, which is that “people who provide water share it, people who
benefit from water share the benefits” (FNB 2024). In the case of grazing management,
‘providing water’ means excluding cattle from riparian areas for the duration of the
contract so as to limit erosion and allow for riparian vegetation to regrow. Socially
recognizing and materially incentivizing the ecological and relational values of improved
grazing management is part of how Watershared builds consciousness around caring for
watersheds by aligning incentives and building local capacity for improving range and
water management.

As described in interviews, burning forest to clear land for pasture and crops
(chaquear) is a local land management practice that follows a pattern where forested
areas are cut and burned, the regrowth is grazed, and then the area is planted with crops.
Within Watershared contracts, there is a stipulation against cutting and burning new
forest. Most interviewees shared a sentiment that the ‘right’ thing to do was no chaquear,
or not to burn, particularly in the headwaters.® This sensibility about limiting burning and
deforestation was shared by messaging from local municipalities and regulations in the
regional protected area called the Rio Grande-Valles Crucefios Natural Integrated
Management Area (ANMI). An added complexity shared by several ranchers during

participant observation is that fire is used for vegetation management to control shrubs

> Si uno no las chaquea asi se secan las vertientes, no se secan, en vez de perderse la
misma agua crece mas. Mientras que si lo chaqueamos hasta donde esta el vertiente se
seca y va perdiendo agua ya.
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and weeds. This issue of burning shows some incongruity where local knowledge and
conservation knowledge do not always align. At a regional larger scale, wildlife and
deforestation are considered negative issues, and at a local scale, chaquear is part of
traditional land management practices. Interviews and participant observation showed
examples of where Watershared participants spoke of learning the importance to not

chaquear, particularly in the headwater areas known as vertientes.

Discussion

Evidence from our survey, interviews, and participant observation shows how
cattle are part of campesinos’ livelihoods in economic, cultural, affective, and ecological
dimensions. While cattle grazing is only one component in campesinos’ diverse
economic livelihoods, it plays a unique role by transforming sunlight and inedible
vegetation into human nutrition and livelihoods. Interviews and participant observation
found that ganadero ranching culture in the Valles Crucefos region is perceived as part
of some people's identities and this is reflected in family history and material culture.
These ethnographic data show flexibility and adaptability on the part of ranchers who are
able to change their management practices to better care for water sources and their
downstream neighbors. The evidence from this study shows how Watershared’s
combination of relevant incentive materials, conservation contracts, and technical
assistance works to find locally desirable ways to change grazing practices that are
identified by both conservation scientists and local campesinos as a source of water

quality impairment. Promoted grazing and water developments improve participants’
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livelihoods by conserving riparian areas and addressing agricultural needs while
encouraging care and stewardship of Rio Grande headwaters.

These findings add to a growing literature demonstrating how PES programs can
support active rangeland stewardship and local livelihoods by improving management
practices while also engaging more-than-market values such as relational values
(Chapman et al., 2020; Kernecker et al., 2021). Relational values refer to a normative
human sense of connection or kinship with other living things, reflective and expressive
of care, identity, belonging and responsibility, and congruent with notions of what it
means to live a ‘good life’ (Klain et al 2017). A prior study of Watershared found that
participants’ motivations include payments and pro-nature instrumental values, which
researchers interpreted as an example of how external incentives enable behavior changes
motivated by participants' perceptions of environmental benefits they receive from the
management changes (Bottazzi et al, 2018). Interview evidence from this study shows
how participants' descriptions of caring for their watersheds, forests, livestock, and local
communities are intertwined with livelihood, identity, emotional connection to their
animals, and a sense of responsibility for their neighbors. Evidence from participant
observation of Watershared community events shows how local values around reciprocity
are deeply woven into the language used by FNB and their institutional partners. The use
of a relational values frame emphasizes how participants perceive their active
stewardship and care in regards to their wider web of relationships and responsibilities.

We found significant differences in grazing and water management practices
between Watershared participants and non-participants that include fencing water

sources, planting pasture grasses, and constructing irrigation and water retention systems.
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Conserving riparian areas and headwater forests through Watershared agreements
provides ecological and hydrological benefits to the watershed, which potentially make
them more resilient to climate change. Seventeen percent of the interviewed campesinos
mentioned increasing climate variability, and increasing the capacity to better manage
water was a frequent concern in nearly every interview. A growing body of socio-
ecological research suggests these integrated watershed management and restoration
practices can build social and hydrological resilience to climate change risks like drought
and increased precipitation variability (Skidmore et al., 2022; Norman et al., 2022;
Scaramudo et al., under review). For example, by developing atejados, or water retention
ponds, participants are potentially building wildlife habitat as well as slowing, sinking,
and spreading water to mitigate drought risks (Taylor et al., 2012). Participant
observation in this study found evidence from campesinos’ experience that atejados and
the irrigation infrastructure provided by Watershared helped them increase their harvest
yield. Qualitative evidence in this study also points towards participant perceptions
around understanding these practices as being connected to being good neighbors and
stewards of land and animals. Evidence from Watershared shows how locally tailored
PES programs can support livelihoods and amplify participants' relational values around
caring for watershed, rangeland, and human community well-being.

Watershared’s support for grazing management improvement, agricultural
livelihood diversification, as well as watershed health shows it is possible to expand the
conservation frame to include coupled social-ecological system resilience. The evidence
in this study shows that campesinos already have diverse agricultural livelihoods and

FNB’s approach to Watershared is geared towards increasing diversity as a way to build
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more resilient socio-agroecosystems. Watershared helps improve the resilience of
campesinos’ range management practices by offering relevant material incentives to
improve cattle distribution and movement on the landscape. These incentives also help
improve grazing management by improving pasture productivity and protecting water
sources while developing water infrastructure for both humans and livestock. The flexible
choice of incentives supports agricultural enterprise diversification, which supports both
conservation and livelihood resilience (Kiani et al 2021). Watershared’s use of local field
staff and collaborations with municipalities connects participants with extension-like
services. These connections contribute to building ecological and agricultural knowledge
in ranching communities and building relationships between participants and other
management resources.

Does Watershared’s interaction between watershed conservation and grazing
management build adaptive capacity to climate change? Adaptive capacity is theorized as
an emergent and evolving quality rooted in local culture, tied to place-based
understandings and relationships, and connected to local legitimacy (Smith 2023). The
potential ways in which Watershared contributes to adaptive capacity include ecological
dimensions like conserving intact headwaters so that the water cycle is protected from
erosion from riparian degradation, water quality degradation, increased temperatures
through forest cover loss, and loss of habitat. Another dimension is the rangeland
management practices such as supporting improved grazing productivity. The evidence in
this study shows how practices associated with Watershared participation helps to
improve grazing through four mechanisms. The first is fencing that allows for more

shaping of cattle behavior such as mitigating riparian degradation as well as pasture
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rotation to avoid overgrazing. The second is providing pasture seeds to improve forage
production and animal nutrition. The third is developing water retention ponds and cattle
drinking infrastructure that allows for better grazing distribution on the landscape. Water
retention ponds combined with irrigation incentive materials allow participants to extend
their growing season, increase crop yields, and mitigate drought risks. The fourth is
amplifying existing livelihood patterns of agricultural diversification through the offering
of incentives like bee boxes and fruit trees. Livelihood data show that people are already
engaged in diverse agricultural operations so these incentives help amplify already
existing practices with additional resources and knowledge.

Conservation incentive programs like Watershared may contribute to building
new local institutions to address scale mismatch in climate adaptation. Spatial-scale
mismatch occurs where the boundaries of governing organizations do not align with the
environmental systems that they govern (Sayles and Baggio, 2017). Providing spatially
and temporarily relevant climate data and adaptation strategies to farmers and ranchers is
a major issue that a number of scholars are working to address through novel and
emergent collaborative institutions (Smith et al., 2021). The way that Watershared builds
local institutions is by organizing funding collaborations between water user groups, local
municipalities, and international donors. In the process of organizing these funds that
enable Watershared contracts, FNB brings together disparate groups that have an interest
in improved local watershed management. Attention to local relationships and plural
values in Watershared supports the co-producing of novel cross-boundary institutions that
stack functions in supporting working landscapes (Baxter and Land, 2023; Aldworth and

Schultz 2023). Examples of stacking functions in this study include improving grazing
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management, building hydrological resilience, and nurturing relationships that bridge
between creative governance and grassroots mobilization.

Framing PES beyond markets has been a theme since the idea of PES encountered
resistance from implementation site communities who associated it with larger neoliberal
projects (Wunder and Vargas, 2005). Improving hydrological management and social
recognition for being a good neighbor has found traction with the local communities who
are participants in the Watershared program (Bremer et al., 2023). This study shows
evidence of how improving grazing and watershed management fits into these local
values of reciprocity. A key aspect of the neoliberal political imagination was to separate
economic rationality from the social context (Polanyi, 1944). A take-away from
Waterhared is that the material incentive’s use value is embedded in the social and
ecological fabric of Rio Grande and Valles Cruzefios. Social recognition and material
incentives that improve ranchers' capacity to care for the watershed through improving
grazing management is a compelling lesson for other rangeland PES programs. Designing
the incentive structure to provide diverse and relevant materials for diverse agricultural
livelihoods is an example of how PES can meet local needs and create interest.

The use of fire in range management is gaining increasing interest with paradigms
like pyric-herbivory and Indigenous fire practices providing increasing social and
ecological breakthroughs (Fuhlendorf et al., 2009; Marks-Block et al., 2021).
Watershared contracts are designed to limit forest clearance from the slash and burn
swidden agricultural practice known locally as chaquear. In Bolivia, recent catastrophic

wildfires caused by land clearance for agriculture have brought national and international
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attention to the fire issue. Fire is an area for future research where rangeland ecology and
PES theory and practice could benefit from more mutual engagement and critical review.

One potential theoretical contribution of this paper is the application of its
findings to understanding the differences and synergies between managing for
conservation outcomes and social-ecological system resilience. Managing and designing
incentives for rangeland resilience requires an understanding of coupled social and
ecological systems as well as the flexibility, adaptability, and context specificity needed
by both land managers and PES program designers. This paper brings two literatures in
conversation to one another. The first is the geography of PES programs with its
emphasis on plural conservation values and the situated agency of local communities to
shape conservation implementation (Shapiro-Garza et al., 2020). The second is rangeland
management literature that seeks to address resilience and adaptive capacity in the
context of climate change and livelihoods amidst working landscape conservation (Smith
et al., 2023).

Rangeland management theory and practice is in a moment of critical growth that
involves synthesizing and applying concepts like ecosystem services, working lands
conservation, and climate adaptation. While these ideas have been present for several
decades, there is increasing urgency to apply them to rangelands and forests that support
livelihoods as well as biodiversity, carbon sequestration, water cycling, and cultural
values. Successfully co-producing science to guide management in these working lands is
considered the next frontier in nature conservation (Naugle et al., 2019). Ranchers whose

livelihoods are intertwined with working lands are in a unique position to collaborate
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with conservation organizations to co-produce PES designs that address local conditions

and livelihood needs.

Conclusion

The results from this study contribute to the emerging working lands conservation
frontier by providing evidence of how the Watershared program interacts with grazing
livelihoods and watershed management in the Rio Grande-Valles Crucefios of Bolivia.
Qualitative data show how participants conceptualized their participation in Watershared,
which emphasized care, reciprocity, and relational values. Social recognition, technical
assistance, and relational value frames are motivations that extend beyond market values
that frame some PES programs. Yet the value of the incentive materials is in both its
social recognition of care and stewardship as well as the use value to agricultural
operations. Understanding local stewardship norms helps PES programs assemble a
relevant framing that engages a plurality of potential local values.

Evidence in this study shows how Watershared’s combination of relevant
incentive materials, conservation contracts, and technical assistance is addressing
livelihood needs and finding locally desirable ways to change grazing practices. The
combination of aligning incentives and technical assistance provides a compelling model
for future rangeland conservation incentive programs. A key lesson is that building
working land conservation programs to address complex rangeland and climate
adaptation challenges requires robust attunement to local livelihoods, cultures, and

ecologies.
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This study contributes evidence that can help increase the adoption rate of active
rangeland stewardship practices with an explicit focus on building resilience to climate
change risks. The results of the study suggest that instead of conceptualizing PES as a
purely market mechanism, understanding how local partnerships can co-produce place-
based strategies that support local livelihoods is a critical part of understanding how to
durably incentivize ecosystem service provision on rangelands.

The case study findings show that Watershared supports active rangeland
stewardship by braiding together local livelihood needs with conservation science goals
while providing materials and education to improve livestock and crop production.
Promoted grazing and water developments improve participants’ livelihoods by
conserving riparian areas and addressing agricultural needs while encouraging care and
stewardship of headwaters. More broadly, these findings show how a PES program can
support active rangeland stewardship and local livelihoods by improving management
practices while also engaging more-than-market values such as relational values.

The main lessons for rangeland conservation incentive initiatives are that program
designs need context specificity such as land tenure, agricultural operation diversity, local
ecological processes/dynamics, and local knowledge. Managing rangelands for resiliency
is enhanced by building relationships between participants and local organizations that
can help with matching funding, technical assistance, and local legitimacy. Future
research into these topics should consider more collaborative co-produced research with
PES program implementers and participants that can assess the durability and longevity

of these conservation incentive programs on grazing practices.
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CHAPTER 3
IMPLEMENTING CONSERVATION INCENTIVE PROGRAMS WITH A

RELATIONAL APPROACH TO CARE-BASED STEWARDSHIP (ARTICLE 2)

Abstract

Recent research into Payments for Ecosystem Services asks if these conservation
incentive programs are best understood as a payment for services or as support for
stewardship. The literature also identifies a gap in scholarship on how program
implementation shapes this understanding. This paper contributes to filling this gap by
exploring the role of field staff in how the Watershared conservation program is
implemented on the ground and how their specific role facilitates the participation of
farmers and ranchers in the Rio Grande-Valles Crucefios area of Bolivia and additionally
may support smallholder adaptation to climate change. Based on a mixed-methods
approach including a survey, semi-structured interviews, and participant observation, this
paper explores how Watershared’s field staff are critical to the organization of Reciprocal
Watershed Agreements through their knowledge and translation of local agricultural
systems and farmer and rancher needs. This allows Watershared to offer relevant material
as incentive for conserving riparian and forest areas, organize collaborations with
municipalities to address local needs, and deliver extension-like services focusing on both
grazing improvement and agricultural diversification practices. Field staff engagement in
these activities builds local relationships and validates local stewardship norms. This case
study suggests that conservation program field staff can play a critical role in the

promotion of relational values that support watershed-scale conservation as well as build
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the capacity to adapt local communities to climate change risks. This case study shows
how a relational approach to care-based stewardship is engendered by field staff through
activities attuned to local agency, care, and knowledge as three important dimensions of

stewardship.

Introduction

Recent research into Payments for Ecosystem Services (PES) asks if these
conservation incentive programs are best understood as a payment for services or as
support for stewardship (Chapman et al., 2020; Lliso et al., 2020). The literature also
identifies a gap in scholarship on how program implementation shapes participants'
understanding of conservation incentive programs (Calle, 2020; Haenn, 2016; Roche et
al., 2021). Interest is also growing in how relational values animate stewardship action
among farmers and ranchers (Chapman et al., 2019; Himes and Muraca, 2018; Messick
and Serenari, 2023; White et al., 2022). This paper presents the case study of a Bolivian
conservation incentive program to examine how one specific aspect of implementation —
the approaches and activities of field staff — relates to building stewardship and relational
values. It then further reflects on the potential contribution of these efforts to supporting
the climate adaptation of smallholder farmers and ranchers.

Relational values include preferences, principles, and virtues about human-nature
relationships and are part of an emerging theory of value within environmental sciences
literature that is widening the views of values to extend beyond the intrinsic worth of
nature itself and the instrumental values of what nature does for humans (Chan et al.,

2018). Another dimension of this research is theorizing how relational values provide a
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key to pluralistic valuation of ecosystem services (Ishihara, 2018). The Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services defines relational
values as,

...desirable, meaningful, and often reciprocal relationships - beyond

means to an end - between humans and nature, and among humans

(including across generations) through nature (e.g. sense of place,
spirituality, responsibility, care, reciprocity, stewardship). (IPBES, 2022)

The concept of stewardship has a deep multi-disciplinary history and is generally
used to describe the careful, wise, and responsible management of something entrusted to
one's care. Stewardship is emerging as a boundary-spanning concept that shifts
environmental sciences away from, “techno-managerial, control-oriented approaches to
landscape and environmental management, policy and planning, towards those that
prioritize participatory, cross-scale, and trans-disciplinary engagements rooted in shared
values” (Engqvist et al., 2018, pg 18). Research is needed at the intersection of relational
values and stewardship, and, in particular, case studies are needed that explore three
overlapping dimensions of stewardship — care, knowledge and agency (West et al., 2018).

This paper contributes to this research need by exploring the role of field staff in
facilitating the participation of farmers and ranchers in the Watershared conservation
program in the Rio Grande-Valles Crucefios area of Bolivia. This case study shows how a
relational approach to care-based stewardship is engendered by PES program field staff
who are knowledgeable of local needs and are attuned to participants’ agency, care, and
knowledge. This allows the conservation program to support stewardship by offering
livelihood-relevant materials as incentive for conserving riparian and forest areas,
organize collaborations with municipalities to address local livelihood needs, and deliver

extension-like services focusing on both grazing improvement and agricultural
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diversification practices. This paper argues that the dual production of both agricultural
livelihoods and ecosystem services is facilitated by the PES program field staff who can
translate between local needs, norms, and values and conservation goals. These research
results show how field staff for conservation programs can play a critical role in the
promotion of relational values that support watershed-scale conservation, as well as
potentially building adaptive capacity to climate change risks. The Watershared program
suggests a potential pathway to build participants’ climate adaptive capacity with the
integrated provision of relevant incentive materials, extension-like assistance, and
nurturing a change of mental models, behaviors, and socio-ecological assumptions. Field
staff, through their approach and activities, promote participants’ sense of care and
stewardship, knowledge of environmental risks, and the agency to address climate and

environmental risks through both individual and collective action.

Watershared and Acuerdos Recipricos de Agua

The Watershared program in Bolivia organizes Reciprocal Watershed
Agreements, in Spanish, Acuerdos Recipricos de Agua (ARAs). ARAs are offered to
campesinos, rural farmers and ranchers, who receive in-kind material incentives like
irrigation pipe, fencing, bee boxes, fruit trees, and construction supplies in exchange for
protecting an agreed-upon area of their land for three years. ARA contracts stipulate that
campesinos exclude grazing and cropping from riparian areas and halt forest clearing in
the conservation area for the length of the contract. In Bolivia’s Rio Grande-Valles
Crucefios region, these Watershared-designated areas are usually headwater forests,

protecting the origin and source of the Rio Grande, a tributary of the Amazon River.
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Grazing, cropping, and timber harvesting in these headwaters pose risks of environmental
degradation including deforestation, erosion, water pollution, and loss of water sources.

The Watershared program is organized by the non-governmental organization
Fundacion Natura Bolivia (FNB). FNB was founded in 2003 and, by 2023, the
Watershared model had been implemented in 80 municipalities in Bolivia. This effort has
resulted in 270,000 water users contributing to funds that incentivize 27,689 families to
participate in conserving 623,604 million hectares of forests (FNB 2023). The
implementation and development of Watershared is often in collaboration with local
municipal governments. The funding sources behind Watershared are an assemblage of
water user organizations like water cooperatives and irrigation associations as well as
local government and international donors. Although influenced by the theory of PES,
Watershared does not use the language of PES in the Bolivian political context, where
there is skepticism about market-based conservation (Bétrisey et al., 2018; Hines, 2022;
Miiller et al., 2013). Watershared emphasizes a focus on social and ecological reciprocity
while building funding partnerships with local municipalities and water-user associations
to offer in-kind incentives to campesinos in exchange for conservation practices to

protect the watershed.

Literature Review

The literature review for this paper is framed by three questions: What is Payment
for Ecosystem Services (PES)? Can PES support stewardship? Can PES support

smallholder climate adaptation?
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What is Payment for Ecosystem Services?

Initially Payment for Ecosystem Services (PES) was defined by scholars and
environmental economists as a set of voluntary transactions between service users and
service providers that are conditional on agreed rules of natural resource management for
generating offsite services (Wunder, 2015). These ecosystem services include
provisioning services, regulating services, supporting services, and cultural services
(Costanza et al., 1997). Over the past decade, the definition of PES has been adapted to
cover a variety of approaches for incentive-based conservation (Shapiro-Garza et al.,
2020). PES programs often have dual goals of environmental conservation and socio-
economic development (Bauchet et al., 2020) and implement these goals by creating
social and economic structures to support conservation in working landscapes (Benra et
al., 2022).

For more than a decade, PES has moved from theory to practice around the world
(Kaiser et al., 2021). There is currently widespread enthusiasm for PES and similar
conservation incentive programs amongst economists, scientists, politicians, and civil
society organizations. There is also critique of PES around its ecological effectiveness
and its impacts on social justice (Rodriguez-de-Francisco et al., 2019; Shapiro-Garza et
al., 2020). As PES programs have been, and continue to be, implemented around the
world, the definition of PES has been adapted to cover a variety of approaches for
incentive-based conservation (Bauchet et al., 2020). In practice, PES varies around the
type of transaction, the ecosystem services targeted, the types of payments utilized, the

actors involved and their roles, and in their proposed goals (Sattler and Matzdorf, 2013).
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Criticisms of PES have focused on the potential to increase inequality,
marginalization, and the alienation of human-ecological relationships (Dunlap and
Sullivan, 2020). This alienation is sometimes referred to as the crowding out of intrinsic
conservation motivations (Ezzine-de-Blas et al., 2019; Kerr et al., 2013). Another critique
of PES is directed at conditionality (Ma et al., 2017), which potentially reduces
participation by poorer and more marginalized community members (Mufioz-Pifa et al.,
2008; Rodriguez-de-Francisco et al., 2019; Vatn, 2010). Marginalization describes both a
process and a condition that prevents individuals or groups from full participation in
social, economic, and political life, and it derives from exclusionary relationships based
on power (Alakhunova et al., 2015). The concern is that the design of PES programs
could potentially exacerbate marginalization by benefiting already wealthy and powerful
interests while remaining inaccessible or unhelpful for the already marginalized.

The origins of PES are intertwined with a neoliberal economic paradigm that
views human-nature relations as a market exchange between ecological service-users and
service providers (Pagiola et al., 2007). Geographers have long pointed out that, in
practice on the ground, PES programs are often hybridized by local actors and embody a
wider range of motivations and values (Shapiro-Garza, 2013). These hybridized PES
programs contribute to alternative theorizations of PES that show how the concept is not
solely neoliberal because local hybridized programs may strengthen both state regulation
and local involvement in ecological management (McElwee et al., 2020; Shapiro-Garza
et al., 2020). Scholarship critical of neoliberal conservation points out that human
societies’ relationships with the non-human world are historically richer and more

complex than the idea of nature as an input to production governed by market
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transactions (Apostolopoulou et al., 2021). Prior transdisciplinary socio-ecological
research has identified the need to explore where conservation, restoration, and
adaptation require and engender cooperation, collaboration, conviviality, solidarity and
care (Martin, 2022; Massarella et al., 2021). A critical reframing of PES as support for
stewardship contributes to expanding conservation incentive programs beyond neoliberal
framings to include more relational values and world building processes (Fletcher and
Biischer, 2020).

Rather than mainly conceptualize PES as a transaction structured around a
payment for services, conservation incentive programs can benefit from embracing a
multiplicity of local hybridizations that empowers the agency of participants to engage
and create local institutions and governance structures. Considering these debates and the
growing number of empirical case studies, contemporary PES literature offers an updated
definition of PES as, “incentives to align individual and/or collective land-use decisions
with the social interest in the management of natural resources” (Bremer et al., 2023;
Muradian et al., 2013).

If, as the anthropologist Paige West observed, conservation is our government
now, what are the participatory, just, and transformative examples of conservation
incentive programs that might take stewardship beyond both fortress and neoliberal
conservation (West, 2006)? There are potentially transformative benefits of a locally
attuned PES program. One benefit is a collaborative transformation of participants and
related institutions. This potential transformation revolves around understanding the
human-nature connection more intimately and activating individual and collective power

to care for surrounding ecosystems, humans, and more-than-human beings (Agrawal,
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2005; Chao and Celermajer, 2023). Another transformative potential for PES is the
potential for amplifying local worldviews, knowledges, and values into scaled-up policy

through social organizing around PES (Bremer et al., 2023).

Can PES support stewardship?

In PES and stewardship literatures, various scholars have identified the need to
better understand the role of knowledge systems, boundary spanners, and translators in
adapting PES to local conditions and contexts (Hecken et al., 2019; Joslin, 2020;
Robinson et al., 2016). Translators work with ecologists, stakeholders, and decision
makers to co-develop research that addresses the sociological, ecological, and political
contexts of an environmental problem (Eaton et al., 2022; Enquist et al., 2017). Boundary
spanners are institutions, groups, or individuals that bridge the divide between
information producers and users (such as ecological scientists and ranchers), enable
communication between these two groups, and are accountable to both groups (Safford et
al., 2017). Knowledge systems refers to an emerging paradigm that works at the interface
of plural ways of knowing the world (Varghese and Crawford, 2021). In addition to
academic and scientific knowledge, Indigenous and local knowledge systems include
social and ecological understandings, practices and beliefs about the relationship of living
beings with one another and their environment (Kimmerer, 2015). Plural knowledge
systems are seen as increasingly important to providing theories, methods, and practices
for adaptive ecosystem management (Tengo et al., 2017).

These theoretical ideas have found resonance in several published PES and

conservation case studies. A recent qualitative study of participants in a Costa Rican PES
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program emphasized how the program is perceived as “support for stewardship”
(Chapman et al., 2020). Despite official program language about PES, local
intermediaries seem to have ‘translated’ the program framing into language appropriate
for the farmers they worked with, including both the significance of the monetary benefit
as well as the purpose for protecting the forest. The Chapman et al. study found that
contextual factors such as the municipal government participation and differently scaled
(local/national/international) funding opportunities also influenced the ways the program
was framed and implemented on the ground. Even without actively translating programs,
intermediaries can shape the way farmers perceive PES programs based on existing
relationships that provide agricultural extension and assistance. In the Costa Rican case,
farmers may have categorized the PES program more with the organization they worked
with than with the source of the funding and perceived it as another form of rural
development assistance. Chapman and colleagues recommend that future research
examine the “work of translation” and what factors impact choices around how to
describe the program (Chapman et al., 2020).

Another relevant PES study found that technical assistance and experimentation
can facilitate the cultural change needed for ranchers to embrace alternative production
practices such as silvopastoral tree planting (Calle, 2020). Calle interviewed ranchers and
extension agents in Colombia who collaborated on a Forest Landscape Restoration
project. The study concluded that ranchers are not guided exclusively by profit
maximization and that personal and environmental concerns also play a role in cattle
ranchers’ decision-making. In addition, Calle found an important discrepancy between

ranchers and extension agents in their perception about the importance of the PES
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incentive. Ranchers ranked the payment much lower as a motivation and a preferred
incentive for adoption than did extension agents, demonstrating the importance of
considering motivations for rancher participation in conservation programs. Non-market
motivation highlights the importance of theorizing plural knowledge systems, relational
values, and perceptions of stewardship and the potential of post-neoliberal conservation
paradigms like conservation basic income and convivial conservation (Fletcher and
Biischer, 2020; Krauss, 2021; Massarella et al., 2021). The findings in the Calle study
also resonate with insights from North American rangeland social science that
assumptions about ranchers’ disregard for nature need reexamination because ranchers
can be critical partners for the transformation of the existing extensive production model
(Brunson and Huntsinger, 2008). The Colombian study also highlights the conceptual and
practical connection between changing grazing practices and the field staff who help
facilitate the changes. This paper continues this research trajectory by sharing evidence of
how field staff play a key role as boundary spanners and translators.

The importance of translation, boundary spanning, and technical assistance are
key findings from these two South and Central American studies and this insight tracks
with recent findings from research around PES and ranchers in the US. In a study of
California rangeland cattle producers’ perceptions of PES programs, researchers found
that “trust in a market broker was key” (Roche et al., 2021). Another finding comes from
early attempts to study the Chicago Carbon Exchange and land-based ecosystem services
such as rangeland carbon sequestration. Researchers observed that a key role was that of
aggregators: the people who organized the land-based credits and delivered them to a

market (LeRoy and Elias, 2022). Discussion about this aggregator role emphasized
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learning to manage risk and the importance of estimating potential change, realistic
measurements, and keeping people informed about market dynamics. The conceptual
connection here is that markets are embedded in social and ecological relationships and
there are key actors who translate across boundaries to enable conservation incentive
programs to work. Another main idea is that the economic activities of PES programs are
embedded in historically shaped and politically influenced institutions at the site of
implementation. In contrast to neoliberal market fundamentalism, these examples from
the translation of theory to practice reflect Polanyi’s observations on the social
embeddedness of markets (Polanyi, 1944). This embeddedness potentially creates
opportunities for the original neoliberal economic theory of PES to be adapted,
hybridized, and transformed. The research presented here explores how field staff in the
Watershared case study from Bolivia might function as translators, boundary spanners,

and trusted conservation brokers while implementing the conservation program.

Can PES support smallholder climate adaptation?

In the literature on rangeland and smallholder® climate adaptation, researchers are
calling for more direct engagement with unique smallholder and marginalized range
communities’ climate vulnerabilities (Reid et al., 2021). We need a better understanding
of the role that conservation incentive program field staff play in the direct engagement
of farmers and ranchers who are trying to practice watershed stewardship and improve

rangeland management practices. Research on supporting climate-adapted agriculture

® While the definition should be context specific, smallholder agriculture generally refers
to operations with less than two hectares (5 acres) of land (Bagheramiri and Shaal, 2020).
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highlights the importance of local risks and the particular needs and priorities of
smallholder farmers (Chandra et al., 2017). While climate change is a global issue, the
way it plays out in the lives of smallholder agricultural producers presents unique
vulnerabilities (Green et al., 2020). Smallholder farmers’ concerns and priorities often
come from their situated daily experiences. This can include concerns about livelihoods,
land expropriation, gender differences, and responsive governance institutions at all
scales. Three social and political processes that exacerbate smallholder farmer
vulnerability in the face of climate change are economic inequality, unequal power
relations, and social injustice (Islam and Winkel, 2017). Many conservation and climate
adaptation initiatives are trying to design their programs to be “pro-poor” and
simultaneously address environmental and social development issues. A recent report
from the International Institute for Sustainable Development argued that researchers and
policymakers concerned with addressing hunger and creating climate-smart agriculture
policies should engage directly with smallholder farmers in co-research, planning, and
decision-making (Debucque et al., 2020).

Climate change adaptation involves adjusting practices, processes, and responses
to the threat of climate change (Adger et al., 2007). Adaptive capacity is theorized as the
preconditions that shape people’s and institutions’ ability to anticipate and respond to
perceived or current stresses by mobilizing and managing scarce resources for resilience
(Smith et al., 2023). Building adaptive capacity of social systems (households,
communities, organizations, and nations) has become an important adaptation effort as
groups with greater adaptive capacity are expected to be better positioned to reduce

vulnerability to climate change risks (Siders, 2019). Within development literature,
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scholars have emphasized the need to make PES both “pro-poor and pro-adaptation”
(Sand, 2012). One way of addressing this need is to explore how PES programs might
build the adaptive capacity of the individuals, households, communities, and ecosystems
where they are implemented. At the ecosystem scale, conserving ecosystem functions
such as water cycles, soil health, and biodiversity help buffer climate change impacts like

drought, heat, and precipitation variability (Wertz-Kanounnikoff et al., 2011).

Methods

Study area

This Watershared case study is located in eastern Bolivia, with data collected in
four municipalities in the Department of Santa Cruz: Vallegrande, Postrervalle, Pucara,
and Samaipata. Vallegrande is also the name of the biggest city in the four municipalities
and is the location of an FNB office where many of the field staff are based. FNB also
has an office in the capital city of Santa Cruz where administrative and scientific staff are
based. This paper uses “field staff” to refer to the FNB staff who work out of the
Vallegrande office and who live and work in the rural communities where the ARA
contracts are organized. Staff from the Santa Cruz office often travel to rural
communities to help with organization and implementation as well.

Data for this study come from semi-structured interviews (n: 98), two field
seasons of participant observation conducted in 2018 and 2019, and a survey (n: 984). A
team of US researchers and Bolivian enumerators surveyed 984 Watershared participants

and non-participants in person between 2018 and 2021. The survey was first pilot tested
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in Bolivia by a team that included the author. A Bolivian survey team was then trained
and deployed in 2019, using a stratified random sampling design. Despite disruptions
during the Covid pandemic, surveying was finished by 2021. Survey data were cleaned
and analysis started in 2022. The survey instrument was designed and implemented in
conjunction with a Randomized Control Trial (RCT) to evaluate the effect of
unconditional PES program design on participation and outcomes (McWherter et al.,
under review; Bauchet et al., under review). Several of the survey questions and part of
the interviews (see below) address this paper’s research on the role of FNB field staff in
program implementation.

From May to July 2019, the author and two other graduate students conducted 77
semi-structured interviews (34 with Watershared participants, 35 with non-participants,
and 8 with other stakeholders and key informants including from judicial, local, and
municipal government and FNB field staff who operated across multiple communities).
In August 2021, one of the other graduate students completed another 21 interviews with
Watershared participants. The interviews took place in nine communities across the four
municipalities, with two communities selected per municipality. In total, 90 of the 98
interviews conducted were with community members.

Within each community, the researchers used a combination of purposive and
snowball sampling to recruit interviewees who were participants and non-participants in
the Watershared program offered in their community. These interviews mostly occurred
at interviewees’ houses and farms and consisted of an hour-long interview conducted in

Spanish. Researchers stopped conducting interviews in each community upon reaching
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data saturation, when the team assessed that additional interviews did not provide new
information or themes.

Participant observation by the author was conducted at two ARA contract signing
events known as entregas, a field school organized by FNB to train municipal officials in
how to implement the ARA model, and implementation site visits organized with FNB
administrators and municipal officials. This participant observation included direct

observations of field staff interactions with program participants.

Data analysis

This research used thematic and descriptive coding methods to analyze the
qualitative data (Tavory and Timmermans, 2013; Timmermans and Tavory, 2012; Vila-
Henninger et al., 2022). Themes and categories from PES, relational values, and range
management literature were used to create a codebook that guided the coding of
interview data content in NVivo software (Saldana, 2016). All interviews were recorded
and then transcribed in the original Spanish, and the authors translated between the
Spanish transcripts and the English codebook. Three coders, including the author, used
multiple memo and revision cycles to refine the codebook and ensure team inter-coder
reliability.

Analysis of the survey data for this paper focused on how participants and non-
participants perceived their relationship to FNB field staff and their environment using
simple descriptive statistics. Relevant survey questions included perceived climate risks,

what sort of knowledge exchange is relevant to their livelihoods, and how they
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(participants only) relate to the role of field staff in monitoring and extension support.

The author used SPSS software to explore and describe survey responses.

Findings

Field staff in the Watershared conservation program engage in three types of
activities that facilitate participation of farmers and ranchers to support stewardship and
address rural livelihood needs in the Rio Grande-Valles Crucenos area of Bolivia. The
first is offering relevant material incentives to campesinos while framing the conservation
program in a way that is responsive to local values, norms, and needs. The second type of
activity is organizing conservation alliances with municipalities to collaboratively
address water, grazing, and climate adaptation challenges in local communities. The third
type of activity is performing extension-like services with campesinos in both grazing
improvement strategies and agricultural diversification. When considered as an integrated
approach to program facilitation, these three types of activities show how field staff
translate and braid together conservation objectives, grazing management, and

agricultural practices in the Rio Grande-Valles Crucefios of Bolivia.

Field staff make sure conservation incentives are relevant materials to local livelihoods

and program framing is responsive to local values and norms

The Watershared program is framed on the ground by FNB field staff, and then
described by participants in the interviews, as emphasizing relational values associated

with care, reciprocity, community well-being, and institution-building. The offering of
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reciprocal watershed agreements to potential participants, as witnessed through
participant observation of entregas, specifically engaged local relational values such as a
desire to be a helpful neighbor and local environmental benefits as important motivations
for participation. This framing’s resonance with local values is reflected in the survey
results where the majority of participants (71%) and half the non-participants (53%)
reported trusting that FNB shared their values (Chi square=6.981; p=0.008).

In qualitative interviews, program participating community members described
the role of FNB field staff in terms of relationships that support participants’ agency and
consciousness to steward their watershed. One participant described field staft’s
monitoring efforts as part of an accompanying relationship that supported their caring
labor and stewardship in this way:

Yes, for three years they [FNB field staff] have accompanied us. We have

fulfilled the preferred plan [ARA contract] and now on our own account,

we are taking care of our part. Because they have given us some classes,

how to conserve, the benefits, so we have already created consciousness

and we are also working, protecting [the watershed].”

The participant here highlighted their own agency to protect the watershed even after the
three-year ARA contract was up. Rather than crowding out motivation, Watershared’s
facilitation approach appears to amplify the participant’s sense of care, agency and
knowledge. This description of creating consciousness of caring for water sources was
echoed in multiple other interviews. Rather than perceiving an ARA contract as a market

exchange, interviewees described ARA as relationship building, training (capacitacion)

and helping (ayuda) participants to care (cuidar) for their forests and water. In our 98

7 Si, durante tres aiios nos han acompaiiado. Ya se ha cumplido el plan que se prefiere y
ya nosotros ya por nuestra cuenta, ya cuidamos nuestra parte, ya. Porque nos han dado
algunas clases, como conservar, los beneficios, asi que nosotros ya hemos creado
conciencia y estamos trabajando también, protegiendo.
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interviews, the word cuidar was used 511 times, ayuda was used 453 times, and
capacitacion 289 times. These ways of describing ARA extended to the field staff: one
FNB field staff described this process of creating consciousness as learning “to care for
what is yours.” Described in this consciousness-creating frame, the role of Watershared
field staff is to help find ways to care for the forests and watersheds that reciprocally
support participants’ agency and stewardship.

Likewise, FNB field staff described the material incentives that were given to
ARA participants not in terms of their market exchange value but, rather, as help for
protecting water sources and improving agricultural production practices. As a member
of FNB'’s field staff said,

The ARA is framed precisely as conserving a place where there is already

forest. That is, you preserve your land with an already existing forest.

Why are you going to conserve it? Because we want to prevent the entry

of livestock there, prevent clearings in that place, prevent fires or other

types of activities that damage that forest. And precisely for this

conservation, we give incentives, if that family is a rancher, for example,

and their cattle enter that place, and we want to protect, what do we give

to that rancher? We give him barbed wire so that he can make his pasture

in another place where it will not affect here and we also give him forage

seed so that he can have his cows in that other place and not here where it
was affecting the watershed.®

8 Claro, el ARA se va enmarcado precisamente en conservar un lugar que ya hay bosque.
O sea, usted conserva su lugar que ya existe bosque. ;Por qué lo va a conservar? Porque
queremos evitar el ingreso de ganado ahi, evitar de que existan desmontes en ese lugar,
evitar de que existan incendios u otros tipos de actividades que fregue a ese bosque. Y
precisamente por esa conservacion, nosotros le damos incentivos, si es un ganadero esa
familia por ejemplo y su ganado ingresa a ese lugar, y queremos proteger, ;qué le damos
nosotros a ese ganadero? Le damos alambre para que él pueda hacer su pastizal en otro
lugar donde no sea muy afectado aca y le damos también semilla forrajera o algo de
forrajero, para que en ese lugar tenga sus vacas y no aca donde estaba afectando a la
toma de agua, por ejemplo.



114

Participants also described how their conservation actions and the material incentives
involved in ARA help their neighbors and community to participate as well:

I really like that there is participation. It’s like if other people see a person
participating, and they’re not there yet, I have to be there so that other
people will become interested and take note that they also can get this
help.’

While the framing around local values is important, the incentive materials are
also important because they address the livelihood and conservation needs of participants.
When asked why people want to participate, one participant emphasized the practical
benefits for their agricultural livelihoods:

...Because people want to get the plants (fruit tree starts), they want to get
wire to fence off the place where they are going to put bees, fence off
where they will plant fruit trees. These plants will do well if protected, if
the cows can’t enter to step on it or knock it down.!'°
The use value is a compelling aspect of the incentive materials that functions well with

field staff’s repeated community visits. Allowing space for people to change their minds
when they see their neighbors participating and receiving incentive materials creates
expanded opportunities to join Watershared. One participant shared this story:

What happens is that here in the community, when the (FNB field staff)
technician comes to give a talk about the project, some are not interested.
They tell him that they are not interested and also that they don’t want to
take steps to protect his watershed or his forest. But when the material
arrives, they say: "Why didn’t I get in? [laughs]. Why didn't you put me
in? They didn't put me in," and sometimes he himself is the one who didn't
want to. But when he sees it, the material is being distributed, his eyes are
already shining to see it, the material being delivered there, right?!!

® Porque me gusta, me agrada mucho que haya la participacion, asi también otra gente
ven a una persona, pero si estd ya-- ya no puede estar, no, yo tengo que estar para que
asi otra persona también tenga interés y se haga notar, que tengan esa ayuda.

19 Porque ellos querian que les den las plantas, que les den el alambre para que
encierren el lugar donde iban a poner las abejas, encierren la parte que iban a poner las
plantas. Porque la planta es bien que no lo toque nada, porque si no la vaquita entra, lo
pisa, lo tumba.

"' Lo que pasa es que también aqui en la comunidad, cuando viene el técnico a hacer la
charla para entrar al proyecto, medio que no le toma interés, no. Le digo que no le
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Another participant described both the materials and the conservation workshops offered
by FNB field staff as collaboration with the local municipal government that yielded both
immediate and future environmental benefits. This description of longer ecological
timeframes shows how reciprocal and relational values are understood between
participants, implementing institutions, local watersheds, and future generations:

We have gone through forest conservation workshops a little bit, they have
given us workshops like that. And also the Natura project through the
agreement with the mayor's office, there are projects where in exchange
for conserving a quantity of hectare or slope, they give us help; whether in
wire, in pipes, polytube, all that and we have to conserve this land. There
is level one, level two that have entered the area where I have also
benefited from watershed conservation, there in the community of San
Marcos, yes. I like to conserve the slopes, perhaps the vegetation or trees
like that, where it is not necessary not to cut down indiscriminately,
because well, it takes hundreds and hundreds of years for a tree to grow
and to cut it down, dismantle it discriminately without making good use of
it, a good management plan, I think it is not fair. [ am of that criterion of
taking a little care of the vegetation and the springs, because they are the
water supply for the future, right?'?

toman interés y también de que no quiere cumplir a veces a proteger su cuenca o su
bosque. Pero ya cuando llega el material ahi dice: ";Por qué yo meter? [risas]. ;Por
qué no me pusiste? No me pusieron a mi", y a veces él mismo es el que no quiere, Pero
va cuando lo ve que se estd repartiendo el material, ya le brillan los ojos por verlo, el
material ahi entregandose, ;jno?

12 Bueno. Nosotros un poquito hemos pasado talleres de conservacién de bosques, nos
han dado talleres asi. Y también el proyecto Natura por medio del convenio con la
alcaldia, hay proyectos donde uno a cambio de conservar una cantidad de hectarea o
vertiente, nos dan una ayuda; ya sea en alambre, en canierias, politubo, todo eso y
tenemos que conservar este terreno. Hay el nivel uno, nivel dos que han entrado a la
zona donde yo he sido beneficiado también con conservacion de vertientes, alla en la
comunidad de San Marcos, si. A mi me gusta conservar lo que es las vertientes, tal vez la
vegetacion o los arboles asi, a donde no es necesario no talar indiscriminadamente,
porque bueno, son cientos y cientos de anios donde tarda para crecer una arbol y para
talarlo, desmontarlo discriminadamente sin hacerle un buen uso, un buen plan de
manejo, creo que no es justo. Yo soy de ese criterio de un poquito cuidar lo que es la
vegetacion y las vertientes, porque en ellas esta el abastecimiento de agua para el futuro,
;no?
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While the framing of ARA contracts and material incentives are important,
researchers also observed instances of FNB field staff making important contributions to
equitable and inclusive participation. At one ARA contract signing event (entrega),
several of the participants did not have vehicles to bring their irrigation tubing back to
their crop fields. FNB field staff were able to accommodate this need by providing trucks
as well as GPS elevation data to make sure the tubing was deployed in the right location
so water would flow to the participants' crops. These sort of field details were observed
as a larger pattern of reciprocity and accompaniment between participants and FNB staff
that address potential inequities in the program implementation such as lack of vehicles.
Another example from an entrega highlights how field staff contribute to gender equity
outcomes. At the entrega, a representative from the municipality was mistakenly
describing a female participant using the common pronoun “E/” which refers to a man. A
young female FNB field staffer jumped up to the mic, exclaiming, “Ella!”, prompting the
crowd to recognize the agency of the female participant. These sorts of everyday field
staff actions potentially help expand participation recognition to include people whose
experiences with marginalization, such as through gender and wealth inequality, might

have otherwise limited their participation.

Field staff organize partnerships with municipalities to collaboratively address water,

grazing, and climate adaptation challenges in local communities

Participant observation in 2019 demonstrated how FNB staff engaged both rural
communities and municipal governments in local water politics and water development.

In one example, a female Alcaldia (Mayor) was contacted by another female leader from
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a rural community. The community leader asked the Alcaldia for help to develop a
drinking water source because children were getting sick from agricultural pollution in
the community’s only water source. The Alcaldia then approached FNB staff, who then
approached a large landowner where a water source is located and organized an atypical
“ARA” and the logistics of an 80 km water pipeline. The FNB field staff in this situation
were thrust into local development politics and, in this case, successfully found a win-win
arrangement and also labeled it ARA. In this interaction, participant observation
documented how the action of the field staff made it possible for the local community to
engage the PES program and municipal partners with social organizing that resulted in
obtaining material benefits to their community.

However, FNB staff are not always successful in negotiating local water politics.
In another example, multiple individuals described how a wealthy landowner’s cattle
were defecating in a different town’s drinking water intake and making people sick
downstream. Although there were several attempts to negotiate an ARA to exclude cattle
from the intake area, the landowner refused. Local interviewed residents described how
the landowner’s son was a wealthy lawyer for a large supermarket chain in the capital
Santa Cruz and they felt powerless to change the situation. Even though the Watershared
program has many successes, the difficulties of land, wealth, and power inequality still
can limit field staff action and shape outcomes, showing continued challenges to the
ARA approach.

Researcher observation of entregas showed ongoing efforts to build relationships
between FNB and local municipal governments. These local relationships potentially add

to ARA’s legitimacy as well as create additional funding opportunities. Data from the
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survey showed that ARA participants (31%) were significantly more likely to report trust
in municipal government to deliver on promises when compared to non-participants
(24%) (Chi square=5.246; p=0.022). Interviews with FNB staff showed that they are
savvy both in their interpersonal relationships and program designs that engage local
municipal governments.

Survey data and participant observation of Watershared’s collaboration with
municipalities showed a desire to connect the intertwined issues of watershed
management and climate adaptation. About half of the survey respondents (46%)
reported losing crops due to drought or flood in the previous season and, of those with
cattle, 23% reported not having enough water for the cattle. Twelve of the interviews
were coded for mentioning challenges with increasing climate variability. These
interviewees talked about changing planting dates, a loss of water sources, and increases
in heat. One interviewee specifically mentioned how Watershared participation mitigated
the impact of drought and floods because the program helped keep watershed forests
intact.!® Researchers observed field staff engaged in a relevant collaboration between
Watershared and local municipalities to jointly fund irrigation water developments. The
municipality provided heavy equipment to construct ponds (atejados), while Watershared
organized ARAs to provide campesinos with irrigation infrastructure like polytubes and
sprinkler heads. This joint funding and project development addressed material needs

associated with increased climate variability.

I3 “4l margen de que nosotros estamos cuidando, ahorita hay escasez de agua, porque es

peor si hubiéramos chaqueado, mads hubiera sido.”
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Field staff perform extension-like services with campesinos in both grazing

improvement strategies and agricultural diversification

Analysis of the interview data indicates that monitoring associated with ARA
contracts is perceived as part of an ongoing relationship with FNB field staff that also
includes knowledge exchange and engagement with the social networks associated with
municipal government and rural development agencies. Researchers observed that
participants valued the relationships to FNB field staff because they informally function
as agro-ecological extension agents. Field staff helped answer technical questions and
connected participants to agricultural resources like rabies vaccination clinics and other
governmental assistance like water infrastructure development programs. Our interview
data show examples of how participants perceived field staff monitoring as part of
relationship building and accountability:

[The technician] follows us up. We have to take care [of the forest], not

cut, not burn. We are caring [for the land]. [The technician] comes and

sees. They see the land, the hill, the waters, and everything. They check

everything and see if we are taking care of the forest or the water... if it is

true or if we are lying.'4

Other interviewed participants connected the importance of monitoring to preventing

water resource degradation based on their own experience: “[Monitoring] is very

4 §i, nos hace seguimiento. Tenemos que-- él nos da seguimiento y tenemos que cuidar y
no chaquear, no quemar, no--. Nos da seguimiento Natura [risas]. Esta cuidando, esta
cuidando, viene y ve, él ve las tierras, el cerro, las aguas, todo. Va y ve todito y mira. Si
estamos cuidando el bosque o el agua, y va y mira si estamos cuidando, si es verdad o es
que les mentimos. Ellos van y miran asi a los cerros, a las montanas.
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important, because before we cut all over the riverbank. We didn’t know until they (FNB)
talked about this and gave us workshops”.!>

These extension-like services play an important role because the field staff help
participants see how their activities are linked together to achieve landscape-scale
impacts on watershed functionality. Survey respondents report learning the most from
FNB field staff about forest and watershed management (Table 7). This survey result
tracks our findings from the interview data where participants describe their mental
model of the local ecosystem and how their agricultural activity affects the landscape
health. One of the most common themes in the interview data was the importance of

refraining from clearing vegetation from landscapes near water sources, which was often

described as vertientes or cuencas de agua.

Table 7: What did surveyed participants report learning from FNB field staff?

Percent of participants who reported learning
(n=196)
Forest management 73%
Watershed management 73%
Livestock management 16%
Irrigation management 21%
Climate change 14%
Beekeeping 7%

3 Fue bien importante, porque antes -como le digo- chaquedbamos por toda la orilla del
rio. No sabia uno [inaudible] hacia [inaudible] han hablado de eso, nos han pasado
talleres y bien.
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Discussion

The findings in this study show how supporting both ecosystem services
provision and agricultural livelihoods is facilitated by on-the-ground PES program field
staff who are able to translate between local needs, norms, and values and conservation
goals. Rather than emphasizing a transactional exchange for the market value of an
ecosystem service, evidence from this study shows an emphasis on the reciprocal
relationships between participants and their watershed as well as participants and
Watershared field staff. Framing that emphasizes reciprocal support for stewardship and
incentives that meet local needs are examples of how a conservation incentive program is
able to adapt and be responsive to local values and conditions.

Watershared’s field staff organize Reciprocal Watershed Agreements by braiding
together knowledge of local agricultural livelihoods and landscape-scale conservation
needs. A main landscape-scale conservation challenge in the Rio Grande-Valles
Crucefios area is to reduce watershed degradation due to land clearing and overgrazing in
the headwater areas known as cuencas de agua. In this region, there are protected areas
such as national parks and ‘integrated management areas’ with land use restrictions.
There is also a significant amount of private land that can also play an important role in
working lands conservation, with 96% of Watershared participants and 83% of non-
participants reporting private individual land titles (see Article 1). Understanding local
livelihoods and how the Watershared program can help meet their needs is enabled by
field staff who deeply understand both the land and the people in this area. Field staff are
often themselves from these communities, and their day-to-day jobs keep staff in constant

contact with community needs. Our findings show that this contact happens during
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monitoring visits, community events like entregas, and workshops where staff are
delivering extension-like services. Field staff knowledge about local livelihood needs
means that FNB is able to offer livelihood-relevant material as incentive for conserving
riparian and forest areas, organize collaborations with municipalities to address local
livelihood needs, and deliver extension-like services focusing on both grazing
improvement and agricultural diversification practices. These organizational strategies,
made possible by the activities of the field staff, build local relationships and validate
local stewardship norms of care and reciprocity. These findings support the idea that field
staff for various conservation programs can play a critical role in the promotion of
relational values that support watershed-scale conservation, as well as potentially build
the capacity to adapt local communities to climate change risks. This paper describes this
multifaceted strategy as a relational approach to care-based stewardship.

One of the main implications of our findings is the importance of relationships
that support participants’ agency and consciousness to steward their watershed.
Monitoring associated with Watershared participation was perceived as part of an
ongoing relationship to the FNB field staff that also includes care, knowledge exchange,
and engagement with the social and political networks associated with municipal
government and rural development agencies. Our participant observation found that rural
communities are engaging both local municipalities and the Watershared program in
ways that require FNB staff to navigate the local politics of water development and
governance. The skill and strategic judgment required by field staff to navigate local

politics successfully is an area of study that needs more attention because understanding
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how to build staff’s social and political finesse is a potential way to expand the impact of
conservation incentive programs.

Watershared’s approach to organizing a conservation incentive program shows
possibilities of where it can also help participants build adaptive capacity to climate
change. Climate change poses unique risks to small scale farmers and ranchers that are
exacerbated by social and historical marginalization. The risks in this study area to
smallholder agricultural livelihoods include increasing droughts, floods, fire, decreasing
crop production, and heat stress to animals and people. Livelihood diversification is a
potential climate resilience strategy to spread out risk and nurture multiple income
streams. Watershared incentive materials such as fruit trees and bee boxes are ways to
support participants diversifying their household income stream. Incentives materials that
reduce drought and flood risk could potentially also have an important impact on building
climate adaptation capacity at the household level. Findings from participant observation
and interviews show how this capacity is ecological, agricultural, and social. For
example, conserving a headwater riparian area could mean reducing stormwater scour
and erosion due to sturdy vegetative cover that reduces the velocity of stormwater.
Watershared’s support to develop irrigation and drinking water systems can help
smallholders adapt crop and livestock production to face increasing drought risk. Finally,
conservation collaboratives that involve material incentives can also build social
networks between individuals, households, NGOs, and local governments that contribute
to place-based understandings of climate risks and potential adaptation actions.

There is a need to design PES programs so that incentive materials and co-

produced knowledge about agricultural resilience is prioritized. Conservation incentive
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programs have the potential to help build local capacity to adapt to climate change by
employing field staff who understand local livelihood needs and can provide material
incentives that address unique climate risks and vulnerabilities. Evidence in this study
shows how Watershared works to build relationships between participants, NGOs, and
local municipalities. These relationships build adaptive capacity because participants
better understand the resources that are available to help like irrigation infrastructure,
crop diversification, and improving ecosystem functionality. Supporting participants’
knowledge about environmental and climate change risks is another way that PES
programs can address adaptive capacity in addition to promoting the conservation of
ecosystem functions like intact forests that assist in a healthy water cycle. Only 15% of
participants reported learning about climate change from FNB, and this topic of climate
change adaptation is an area where the program could continue to grow. Despite strong
positions on climate and environmental issues, the national Bolivian budget is not
currently prioritizing climate adaptation (Sanchez et al 2023). If central governments are
doing little to support local climate adaptation efforts, programs like Watershared are an
alternative way to build local adaptive capacity.

This case study provides insight into these adaptive capacity issues by exploring
how Watershared field staff facilitate participation and engagement across scales from
individual, household, community, to watershed. PES projects benefit from local field
staff who practice relationship building that empowers the agency of participants to
engage and create local institutions and governance structures. By analyzing qualitative
interviews, survey data, and participant observation with local level field staff in the

Watershared conservation program, it documents a relational approach to care-based
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stewardship. The findings illuminate how field staff navigate and braid together
knowledge of local agricultural livelihood needs and knowledge of landscape-scale
conservation needs. This analysis addresses a broader issue about how to design and
organize effective, just, and transformational conservation incentive programs. Findings
in this study suggest that field staff play a unique role in the promotion of relational
values that support watershed-scale conservation as well as building participating farmers
and ranchers’ capacity to adapt to climate change risks. The Watershared program
demonstrates a potential pathway to build participants’ climate adaptive capacity with the
integrated provision of conservation incentive materials, extension assistance, and
nurturing a change of mental models, behaviors, and socio-ecological assumptions. Field
staff, through their approach and activities, promote participants’ sense of care and
stewardship, knowledge of environmental risks, and the agency to address climate and
environmental risks through both individual and collective action.

Transdisciplinary scholars increasingly are demonstrating the importance of
collaborative translational relationships between scientists, farmers, and ranchers in
achieving multi-functional agricultural and conservation objectives (Kennedy and
Brunson, 2007; Reid et al., 2021; Wilmer et al., 2021). The knowledge dimension of
stewardship benefits from empowering knowledge co-production that braids local
livelihood needs, economic diversification, analysis of power (marginalization, gender,
inequality), and adaptive capacity to climate change. Field staff who understand local
livelihoods, norms, and values are in a unique position to co-produce hybrid PES designs
that address multi-functional needs and nurture a participatory sense of stewardship that

amplifies care, pluralistic knowledge, and agency (Galarza-Villamar et al., 2024).
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Conclusion

How PES programs are implemented, including the role of field staff in that
implementation, shapes participants' understanding of the relational values embodied in a
conservation incentive program and whether PES is payment for services or support for
stewardship. Using data from a survey, interviews, and participant observation, this
research explored how case study field staff facilitate the participation of farmers and
ranchers in the Watershared conservation program in the Rio Grande-Valles Cruceios
area of Bolivia. The main argument is that a relational approach to care-based
stewardship is engendered by PES program field staff attuned to local needs, agency,
care, and knowledge.

PES field staff support stewardship by providing the translation work necessary
for the organization to offer livelihood-relevant materials as incentive for conserving
riparian and forest areas, organizing collaborations with municipalities to address local
livelihood needs, and delivering extension-like services focusing on both grazing
improvement and agricultural diversification practices. This case study shows how field
staff for conservation programs can play a critical role in the promotion of relational
values that support watershed-scale conservation, as well as build the capacity to adapt
local communities to climate change risks. More attention is needed to understand how
relational values are expressed within communities and how external efforts to promote

environmental conservation may interact with these relational values.
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CHAPTER 4

SUPPORTING RESTORATION AND CLIMATE ADAPTIVE CAPACITY AT WUDA

OGWA (ARTICLE 3)

Abstract:

This case study from the Wuda Ogwa restoration project reflects on lessons
learned from a transdisciplinary approach to braiding knowledge in support of a climate
adaptive ecological restoration project led by the Northwestern Band of the Shoshone
Nation. The goal of this paper is to summarize, synthesize, and analyze social and
ecological data to support NWBSN members and other restoration partners making
socially informed and climate-adapted restoration choices. Lessons learned from this case
study contribute to building the ideas and practices of climate adapted ecological
restoration. The knowledges included in this paper draw from published Shoshone
history, ethnobotany, and contemporary video productions published by the NWBSN.
The paper’s ecological and social data sources include 1) climate risk modeling of
culturally important plant species; 2) a study of existing vegetation communities; 3) water
quality data from Battle Creek; 4) fish and wildlife monitoring; 5) modeling of potential
beaver restoration areas; 6) site soil and biochar pilot testing; and 7) semi-structured
interviews of neighboring landowners near the Wuda Ogwa site. The findings are that
building adaptive capacity involves increasing both the ecological resilience of a site as
well as the collaborative capacity of the land managers, partners, neighbors. This paper

offers insight from the Wuda Ogwa restoration project into nine social-ecological
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elements identified by the analysis of this paper as central to this project and similar

efforts.

Introduction

The intersecting crises of climate change, biodiversity loss, and ecosystem
degradation are galvanizing a global response consisting of science, policy, and grassroot
collective action (IPBES, 2019; IPCC, 2023; USGCRP, 2023). The United Nations
declared the years 2021-2030 as the Decade on Ecosystem Restoration and there are
currently hundreds of documented major ecological restoration projects and thousands of
local projects underway across the globe (Levinthal and Weller, 2023). A central
challenge of this decade is building transdisciplinary understanding of how to
conceptualize, design, and implement climate resilient restoration that addresses coupled
social and ecological systems (Fischer et al., 2021; Simonson et al., 2021). A diverse
range of scholars are calling for improving the capacity of restoration partnerships to
braid Indigenous, local, and western-based scientific knowledge systems to support social
and ecological healing (Chambers et al., 2021; Kadykalo et al., 2021; Mehltretter et al.,
2024). This case study from the Wuda Ogwa restoration project reflects on lessons
learned from a transdisciplinary approach to braiding knowledge in support of a climate
adaptive ecological restoration project led by the Northwestern Band of the Shoshone

Nation (NWBSN).!'® The Wuda Ogwa restoration project is located at the confluence of

16 This paper is the result of six years of collaboration and relationship building among
the main author, who is a non-native graduate student at Utah State University (USU),
several members of the NWBSN, several other USU graduate students and faculty, and
members of the companies BIOWEST and HAL. The main author is a descendant of
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Battle Creek and the Bear River in what the Shoshone call Sihivigoi, or Willow Valley.
This valley, named Cache Valley by settlers, is located in the present-day United States
of America and encompasses both the states of Idaho and Utah.

Ecosystem restoration science has grown in the past three decades to include both
ecological and social perspectives and is defined as the process of assisting the recovery
of a degraded, damaged, or destroyed ecosystem to reflect values regarded as inherent in
the ecosystem and to provide goods and services that people value (Martin, 2017). In
addition to the intrinsic (regarded as inherent) and instrumental (means to a human end)
values, relational values are increasingly recognized as significant motivators of
ecological restoration (Wainaina et al., 2023). Relational values describe the relationships
and responsibilities that exist between people and the more-than-human world as well as
among people, often mediated through nature (Chan et al., 2018). In the face of the
intersecting ecological crises, scholars are calling for new ways to relate to social and
ecological systems to address the root causes and symptoms of these crises (Hernandez,
2022). Social movements, restoration practitioners, and scholars are actively exploring
how to bring justice and relational values questions into navigating social-ecological
system change while negotiating the plural values underpinning social structures and
ecological conditions shaped by colonialism, capitalism, and climate change (Larsen,
2024; Yazzie, 2018).

Indigenous scholars and environmental justice movements have long pointed out

that the causes of these social-ecological crises and associated impacts have

settlers who moved to Sihovigoi (Willow Valley) in the early 1990s and is not a member
of the NWBSN. USU’s Logan campus resides on the ancestral, traditional, and
contemporary lands in the Sihivigoi of the Northwestern Band of the Shoshone Nation.
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disproportionate negative impacts on historically marginalized groups. The 6' report
from the Intergovernmental Panel on Climate Change (IPCC) recently recognized
colonialism as a driver of not only the climate crisis but also increasing communities’
vulnerability to it (IPCC, 2023). Despite an ongoing history of dispossession and
marginalization, lands stewarded by Indigenous peoples contain 80% of the world’s
remaining biodiversity, and Indigenous knowledge and knowledge systems are critical to
progressing towards a sustainable future for all (Recio and Hestad, 2022).

A key question considering growing Indigenous land reclamation and co-
management activity is how to support ecological restoration on re-acquired Indigenous
land that was previously under multi-generational settler-colonial land management. A
growing number of restoration practitioners, ecologists, Indigenous scientists, and
Indigenous land managers perceive opportunities for innovation when it comes to
bringing together Indigenous knowledge and Western ecological science to advance
restoration and stewardship (Chan et al., 2012; Itsiipootsikimskai et al., 2023; Kimmerer,
2015). In these transdisciplinary collaborations, it is important to avoid tokenizing
Indigenous knowledge as “data” that is slotted into western scientific models (Latulippe
and Klenk, 2020). There is also a need to recognize the sovereignty, rights and cultural
protocols of Indigenous peoples. An interdisciplinary group of Indigenous scholars
recently proposed a set of “CARE principles” to center collective benefit, authority to
control, responsibility and ethics in collaborative ecological research (Jennings et al.,
2023). By centering Indigenous knowledge, stories, and restoration goals, new attempts
at co-produced research aim to support partnerships that create more equitable planning

processes and outcomes relevant to conserving biodiversity and cultural diversity
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(Hernandez, 2022). The challenge ahead is to move away from extractive, top-down
research and towards more meaningfully collaborative research that better serves
Indigenous stewardship goals of restoring land and human relationships. This article
explores how the Wuda Ogwa restoration project, led by the Northwestern Band of the
Shoshone Nation (NWBSN) and supported by an interdisciplinary team of ecological and
social scientists, has approached restoring the ecosystem and improving relations in the
Bear River watershed. Lessons learned from the knowledge braiding approach used to
support the Wuda Ogwa restoration contribute insight to a growing literature on climate
adaptive ecological restoration.

The goal of the Wuda Ogwa project is to restore the land to look and feel like pre-
massacre conditions while supporting NWBSN members reconnecting with their land
and sharing their story. The history of colonization and land expropriation led to the loss
of Shoshone management of the Wuda Ogwa site, but knowledge and relations persist
that reflect strong connections to the land (Parry 2019). Reciprocal biocultural restoration
(Kimmerer 2015) deepens this connection and provides a framework for regenerating a
landscape by braiding Shoshone knowledge and goals with ecological monitoring and
modeling as well as engagement with the local knowledge of farmers and ranchers.

This paper presents a summary, synthesis, and analysis of the efforts to co-
produce science and braid knowledge in support of the NWBSN’s goals of healing the
land, exercising sovereignty, sharing their story, and practicing adaptive management
given the uncertainty of climate change. In dialogue with the seven principles of climate-
adapted restoration (Simonson et al. 2021) as well as the six priorities for social-

ecological restoration (Fischer et al. 2021), this paper contributes social and ecological
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insight from the Wuda Ogwa restoration project. The findings of this analysis can inform
how other efforts to implement ecological restoration projects might engage both social
and ecological contexts while braiding diverse knowledge sources to support climate

resilient restoration.

Literature Review

Knowledge braiding, reciprocity, and relationships

Braiding different types of knowledge supports the ability of land stewards to
achieve more robust and transformative collaborations geared to restore landscapes and
human relationships (Reid et al., 2021; Satterfield et al., 2013). A growing number of
case studies demonstrate how to practice knowledge braiding, particularly in the context
of Indigenous-led restoration efforts (Marks-Block et al., 2021; McElwee et al., 2020;
Pavlik et al., 2021; Reyes-Garcia et al., 2019). There are ethical and practical reasons to
bridge Indigenous and Western scientific ecological knowledge to manage land in ways
that achieve conservation goals and support Indigenous sovereignty (Kassi et al., 2022;
Wilcox et al., 2023). The ethical and justice issues revolve around addressing the colonial
history of genocide, land expropriation, and marginalization (Estes and Dunbar-Ortiz,
2020). Recognizing Indigenous history and relationships to land is part of a larger process
of healing from the trauma of colonization (Parry, 2018). The practical reasons are that
Indigenous knowledge about ecological processes like fire, food webs, and multispecies
relationships is increasingly recognized as holding critical insight for ecological

restoration practitioners working to heal people and landscapes from the legacy of
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colonial and capitalist land management paradigms (Chesnais et al., 2024; Marks-Block
and Tripp, 2021).

Indigenous scholars point out the need to bring ideas and practices of reciprocity,
relationship and culture into ecological restoration. Potawatomi botanist, author, and
professor Robin Wall Kimmerer, describes a need for, “the mutually reinforcing
restoration of land and culture such that repair of ecosystem services contributes to
cultural revitalization, and renewal of culture promotes restoration of ecological
integrity” (Kimmerer, 2011). In her keynote address to the Society of Ecological
Restoration (SER), Kimmerer called for a biocultural approach to restoration that
emphasizes the science and practice of restoring ecosystems, as well as human and
cultural relationships to place, such that cultures are strengthened and revitalized
alongside the lands with which they are inextricably linked (2021). In Braiding
Sweetgrass, Kimmerer writes, “Like other mindful practices, ecological restoration can
be viewed as an act of reciprocity in which humans exercise their caregiving
responsibility for the ecosystems that sustain them. We restore the land, and the land
restores us” (Kimmerer, 2015).

The Potawatomi climate justice scholar Kyle Whyte describes the concept of
“renewing relatives” as a decolonizing trajectory of self-determined planning for climate
change. In his view, renewing Indigenous knowledge involves renewing individual and
collective relationships with both humans and non-humans, and thus restoring reciprocity
among the relatives. While this involves restoring persistent relationships that are part of
long-standing Indigenous heritages, it also involves creating new relationships that

support Indigenous peoples’ mobilizing to address climate change (Whyte, 2017).
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Advances in climate adaptation in the context of ecological restoration

The concept of climate adaptation planning emerged over three decades ago with
the 1988 formation of the United Nations Intergovernmental Panel on Climate Change
(Hubs, 2023). Early climate adaptation efforts emphasized bringing stakeholders to the
table to identify options for and make commitments to mitigating and adapting to climate
change impacts. Criticism of early climate adaptation planning cautioned against
neglecting social drivers of climate and cross-scale interactions (Ford et al., 2018).
Contemporary climate adaptation research is both calling for and recognizing the
difficulty of working across social and ecological disciplines while centering the practical
needs of the users of climate adaptation science (Wilmer et al., 2024). A new generation
of climate adaptation planning emphasizes scenario planning and the co-production of
knowledge involving scientists, local communities, and stakeholders (Iwaniec et al.,
2020). Scenario planning is a structured process of identifying a set of “potential future
conditions” by considering a wide range of uncertainty in the variables used to inform
planning (Miller et al., 2022). Current climate adaptation literature recommends that co-
production of knowledge should occur throughout the planning process (Chambers et al.,
2022; Klenk et al., 2017). This includes framing the problems and/or generating
questions, interpreting results, and braiding western science with local and Indigenous
knowledge, practices, institutions, and governance arrangements. Another contemporary
goal is to decolonize climate adaptation scholarship and praxis (Bronen and Cochran,
2021; Whyte, 2017). This approach calls for acknowledgement of colonial and neo-
colonial injustices driving Indigenous peoples’ climate vulnerability, taking seriously

Indigenous knowledge and relational ontologies, and promoting climate adaptation
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strategies that engage Indigenous capacities and aspirations for self-determination and
cultural continuity (Johnson et al., 2022). A core question in this decolonizing trajectory
is how to braid different types of knowledge in ways that engage climate change
adaptation planning as a strategic opportunity for Tribes to retain cultural practices,
return traditional management practices to the land, and enhance successful
collaborations between different kinds of land managers to address climate change
(Norgaard, 2018). A related concept that was developed to support these collaborations is
the idea of “collaborative capacity”, which identifies capacities that enable a partnership
to “develop, support, and implement collective, inclusive, equitable, and scalable
impacts, including the ability to collaborate, to influence others, and to share leadership”
(Baxter and Land, 2023).

Ecologists and conservation scientists are working to articulate a generalizable
framework to support successful ecological restoration in the era of climate change.
Scholars have identified a need to better understand how to make restoration both a social
and ecological endeavor (Fischer et al., 2021). Fischer and colleges outline a set of
priorities for this endeavor that draw from resilience principles such a navigating
complexity as well as engaging the relational values that motivate diverse partnerships.
Recent scholarship also emphasizes that building the adaptive capacity of coupled social-
ecological systems requires attention to social learning, transforming systems, creative
flexibility in decision making, and addressing socio-political power structures to makes
them attuned and responsive to the needs of stakeholders, rights holders, and caregivers
(Frietsch et al., 2023; St-Laurent et al., 2021). Fischer and colleagues (2021) call for new

research in two areas of need: 1) post hoc cross-sectional assessments of socio-ecological
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restoration projects and 2) transdisciplinary ‘living labs’ that accompany restoration
projects as they unfold.

This paper addresses these needs by synthesizing Fischer and colleagues’
priorities for social-ecological restoration along with Simonson and colleagues’
principles of climate-adapted ecological restoration. By analyzing these principles and
priorities in the context of the Wuda Ogwa restoration project, it contributes a case study
to the field of transdisciplinary climate adaptation science.

The first principle of climate-adapted ecological restoration is considering
climate change uncertainties when setting restoration objectives (Simonson et al., 2021).
The second is selecting sites based on understanding projected changes to climate and
managing connectivity. The third is accounting for future distribution and fitness when
choosing target species and ecosystems. The fourth is reestablishing and managing key
ecosystem interactions and micro-climatic niches. The fifth is identifying and mitigating
site-level climate change risks. The sixth is aligning the project with long-term policies
and seeking synergies across multiples objectives. The seventh is designing monitoring
frameworks that enable adaptive management of the restoration trajectory. These seven
principles of climate adapted restoration focus on an ecological foundation and would
benefit from a more transdisciplinary coupling of social and ecological systems. The
authors also note that there is scant evidence of climate change resilient restoration in
practice.

Reflecting on these principles and priorities in the context of the Wuda Ogwa
project provides a case study on integrating social and ecological insight from an on-the-

ground restoration project led by the NWBSN.
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Project Background

History

In 2018, the NWBSN purchased the site of the Bear River Massacre. This
traditional Shoshone winter camp is located in present-day southeastern Idaho. After
more than 150 years, the NWBSN have acquired the land along the Bear River where, in
1863, more than 400 Shoshone were massacred by settlers and volunteers led by the US
Army (Parry, 2019). The NWBSN intends to make the site of one of North America’s
most egregious massacres of Indigenous people into a cultural and interpretive center
where Shoshone tribal educators can share the Tribe’s history and restore the ecosystem
that existed at the site prior to the massacre. The name of the Tribe’s project is Wuda
Ogwa, which is the Shoshone translation for Bear River. The site was referred to by
settlers as “The Battle of Bear River” or “The Bear River Massacre Site.” The challenge
faced by the Wuda Ogwa restoration is to restore a culturally meaningful landscape that
supports reverence, resilience, and regeneration in light of more than 155 years of land-
use change and a changing climate.

After the massacre, Shoshone survivors continued to inhabit the area near the
Bear River. In 1863, the United States (US) government and several Shoshone bands
signed the Treaties of Fort Bridger and Box Elder (Parry, 2019). After the treaty signing,
government officials attempted to move the Shoshone to the newly founded Fort Hall
Indian Reservation in Idaho. While some moved north, many stayed in Utah, and in
August 1875, over 600 Northwestern Shoshones were baptized into the Mormon Church.

A permanent settlement named Washakie was established in the 1880s by Northwestern
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Shoshone and Mormon leaders four miles south of Portage, Utah. On April 29, 1987, the
NWBSN became a federally recognized tribe after years of Shoshone advocacy.

In the mid-nineties, the US National Park Service conducted a special resource
study and environmental assessment of the Bear River Massacre Site (Spude, 1995). This
study considered options for the massacre site that included designation as a County
Historical Site, a State Historic Site, National Historic Site, and National Historic
Reserve. While the study did consult leadership from four Shoshone Bands, the
assessment is an example of government research conducted in a ‘top-down’ rather than
genuinely collaborative manner. In the study, there is clear documentation of Shoshone
activism and desire to reclaim the land and tell their story. Yet a Shoshone-led alternative
is barely considered and is dismissed as unrealistic.

The goal of the NWBSN to reclaim their ancestral land and tell their story began
to succeed after more than a century and a half of endurance and perseverance. On March
24,2003, the Trust for Public Land’s Tribal Lands Program and the American West
Heritage Center purchased twenty-six acres of the site and donated it back to the
NWBSN. In 2018, the tribe purchased roughly 350 additional acres and began their
process of restoring the land. This process entailed reaching out for consultation with
scientists at Utah State University, local restoration contractors BIOWEST, Inc., and the
water engineering firm Hansen, Allen, Luce, Inc. for technical assistance. In 2021, the
NWBSN, Trout Unlimited, and researchers from USU began a three-year project funded
by the Wildlife Conservation Society (WCS) to braid together Indigenous, local, and
scientific knowledge in order to support climate adapted ecological restoration at Wuda

Ogwa.
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Starting in 2021, crews with the Utah Conservation Corp began removing Russian
Olive trees at the site. The next year, volunteers began planting willows and cottonwoods
to begin the restoration of the site’s riparian habitat. While removing invasive species and
planting native ones is an important start, the experience with spring floods in 2023
showed why a transformation of the hydrological conditions is needed as well. Spring
floods after record snowpack in 2022-2023 caused major damage at Wuda Ogwa’s
bridges and water infrastructure. Floods washed away many plantings and covered others
with thick mud and debris. While these spring floods are a natural part of the site’s
hydrology, the flood flows moving through Battle Creek’s simplified channel
demonstrated vulnerabilities of the site’s physical infrastructure and degraded
geomorphology.

In the summer of 2023, the NWBSN hosted the Wuda Ogwa Stewardship
program, which brought tribal youth and elders together on the land to share knowledge
and culture about the site. Participants in the program also traveled to nearby ecological
restoration sites to learn about the experiences of scientists and ranchers who are working
to restore beaver activity in neighboring watersheds. In the summer of 2024, the NWBSN
and the Sageland Collaborative installed the first Beaver Dam Analogs (BDAs) to begin
implementing restoration techniques that aim to improve the ecosystem function of the

Battle Creek riparian corridor, floodplains, and hyporheic zones.

Wuda Ogwa restoration project goals and intentions

The NWBSN’s broad goals for the Wuda Ogwa project are to restore the land to

look and feel like pre-massacre conditions while ensuring that the land is resilient to
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climate change. When the Trust for Public Land donation was completed in 2003, then
NWBSN Tribal Chairwoman Gwen Davis was quoted as saying, “We’ve waited many
years for this to happen, our dreams have become a reality today.” The meaning of
having the land back was and is still profound. NWBSN Executive Director Bruce Parry
described how, “This is sacred land to us. It is the burial ground of our ancestors and it is
deeply satisfying to have it protected.”!”

In the video documentary “Restoring Sacred Ground,” produced by the NWBSN
about the Wuda Ogwa restoration, Vice-Chairman of Tribal Council and Wuda Ogwa
Project Manager Brad Parry spoke about the NWBSN’s motivations for restoration:
“What is binding us together is that connection to land, to place. We belong to it more
than we own it. We want the earth to rebuild itself, but we need to give it a push in the
right way” (NWBSN, 2024). High Country News (HCN) journalist Brooke Larsen
conducted another interview with Vice-Chairman Parry, in which he spoke about the
transformative potential of the restoration project:

“For thousands of years, this wasn’t a massacre site,” Brad Parry told

restoration volunteers at a planting day. The area — now known as

Preston, Idaho, just 10 miles north of the Utah border — was a gathering

place where the Northwestern Band lived, celebrated, performed the

Warm Dance and connected with other bands of the Shoshone. “By

inviting you all out and doing this, we want to recapture that,” Parry said.
“We want to make this a place to come again.” (Larsen, 2024)

Former Chairman of NWBSN Tribal Council and historian Darren Parry spoke about the
right approach for scientists who are collaborating with Indigenous people:

You have to go slow to go fast, it’s about taking the time to build those
relationships. You can’t do that over a phone call or one meeting. This
traditional knowledge is so important and vital and I want researchers to
engage with tribes in a way that isn’t a one off then they’re gone. If you

17 Chairwoman Davis and Executive Director Parry are quoted from the NWBSN history
website: https:// www.nwbshoshone.com/history/.
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engage with a tribe, it’s a long-term commitment. Once you gain the trust
of elders, then you can go fast and the magic happens. They need to know
you’re into it for the right reason and the relationship is ongoing
(NWBSN, 2024)

As part of the HCN article, Larsen also spoke with NWBSN member and anthropologist
Jason Brough about the Tribe’s desire to build a cultural and interpretive center. Brough
talked about the Tribe’s intention to make the center Indigenous-designed, -run. and -
interpreted: “We don’t want to be just a museum,” Brough said. “We want our
perspectives told, even if it’s difficult for people to hear.” Also speaking with Larsen,
Shoshone knowledge keeper Rios Pacheco said, “You don’t even need a center to be

healed. Right now, you’re healing people with the land.”

The Wuda Ogwa Restoration Project: Summary, Synthesis, and Analysis

The goal of this paper is to summarize, synthesize, and analyze social and
ecological data to support NWBSN members and other restoration partners making
socially informed and climate-adapted restoration choices. The goal of knowledge
braiding is to help build a shared sense of meaning. Shared transdisciplinary meaning
embraces a pluralistic epistemology that considers the existence of multiple ways of
knowing and being (Rigolot, 2020). The university team recognized that a shared sense
of meaning is only possible through diverse groups of people spending time with each
other and learning in-person from each other. While an academic paper can help inform
this conversation and social learning, it is not a substitute. The analysis in this paper is
grounded in Indigenous research methods that emphasize relationships, respect,

relevance, reciprocity, and responsibility (McGregor et al., 2018). Respecting and
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engaging multiple sources of knowledge is enabled by our relationships and
responsibilities that center around co-producing actionable research that supports the
NWBSN’s goals for the Wuda Ogwa restoration project.

The Shoshone knowledge included in this paper draws from published Shoshone
history (Parry 2019), ethnobotany (Pacheco, 2020), and contemporary video productions
published by the NWBSN (2024). Data sovereignty protocols are detailed in Appendix 1.
The paper’s ecological and social data sources include 1) climate risk modeling of
culturally important plant species; 2) a vegetation and wetland delineation study that
maps the site’s existing vegetation communities; 3) a watershed assessment of Battle
Creek, the Bear River, and Great Salt Lake; 4) wildlife studies that include bird surveys,
camera trapping, and fish surveys; 5) spatial modeling of local potential beaver
restoration areas; 6) site soil and biochar pilot testing; and 7) semi-structured interviews
of neighboring landowners near the Wuda Ogwa site. These data were collected or
compiled by different individual or group partners on the project and their contributions
are detailed in the next section. My role in the project was to help coordinate data
collection as well as analyze and synthesize the findings.

Analysis for this paper is organized around the contributions and limitations of the
plural knowledges and disciplinary lenses. Analysis is also structured to highlight the
challenges and opportunities illuminated by the different lenses. All research is grounded
in the guidance of Tribal staff and elders in the context of partnership with the Wuda
Ogwa restoration project. The discussion following the analysis section aims to identify
how insights from Wuda Ogwa might offer generalizable insight about knowledge

braiding and climate-adapted ecological restoration.
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Summary of the processes and contributions the knowledge sources

When the Wuda Ogwa site was purchased in 2018, then NWBSN Tribal Council
Chairman Darren Parry approached the USU College of Natural Resources to ask if it
would be possible to ecologically restore the site to pre-massacre conditions. Parry
described the limitations of Shoshone knowledge as being part of the historical
dispossession and exclusion from the land. He also described how elders still took their
families to the site to teach about their people and their ongoing relationship to the land
(Parry, personal communication). Shoshone oral and written history is a critical part of
braiding knowledge because this intergenerational knowledge describes the site uses,
characteristics, and history. This is especially important given that Shoshone history was
ignored and marginalized during the settler-colonial and modern era (Parry 2019).

After initial consultation with USU researchers, a larger group formed that
consisted of social and ecological scientists from USU, restoration contractors from
BIOWEST Inc. and Allred Restoration, engineers from Hansen, Allen, and Luce, Inc, and
partners like Trout Unlimited and the Wildlife Conservation Society. This group has
collaboratively worked with the leadership of the NWBSN to co-produce research to
support the restoration efforts. The contributions of the ecologists were to gather site-
specific environmental data such as current vegetation community composition, presence
of fish and wildlife, water quality and hydrological measurements, and soil health. A
transdisciplinary team worked to braid Shoshone plant knowledge from elders’
publications (Pacheco, 2022; Parry, 2019) with historical records of local plant
community composition (Hull and Hull, 1974) to produce a climate change risk

assessment for these culturally important plants (Figure 8) (Koutzoukis et al., accepted).
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The initial ecological and water quality data helped quantify the extent to which site
conditions were degraded by land-use practices on surrounding farms, ranches, and water
management systems.

The social drivers of these ecological conditions inspired the inclusion of social
scientists, who worked to understand the perceptions and motivations of the people living
and working around the Wuda Ogwa site. Social scientists brought insight into coupled
socio-ecological systems and methods for qualitative data gathering. Two rounds of semi-
structured qualitative interviews (n=21) with 25 neighboring landowners (some
interviews were with married couples) were conducted by two USU graduate students
between 2020 (Stocker, 2021) and 2024 (Woodbury, 2024). Purposive and snowball
sampling engaged participants who owned land or were part of land-owning families in
the Battle Creek and Bear River watersheds. Interviews were transcribed and coded for
thematic patterns (Saldafia, 2016). Coding was both inductive where themes, codes and
categories emerged from the data and deductive, particularly looking for themes related
to opportunity and barriers to collaboration, relational values, as well as mental models of

how the local social, agricultural, ecological systems functioned (Walpole et al., 2020).

Challenges and opportunities from the ecological analysis

Wuda Ogwa is located around the confluence of the Bear River and Battle Creek.
Battle Creek is a 19,685 acres watershed and 16.27-mile-long tributary of the Bear River.
Battle Creek is currently listed as Impaired by the Idaho Department of Environmental
Quality. The identified issues are abnormal flow, degraded habitat, turbid water quality,

as well as nitrogen and phosphorus pollution.
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An initial goal articulated by NWBSN leadership was to restore a native trout
habitat at Wuda Ogwa. While initial channel restoration designs included removing fish
passage barriers like irrigation diversions, more consideration was needed to evaluate the
potential tradeoft to the identified refugia. Fish sampling found the presence of a native
fish refugia in Battle Creek. Fish sampling in Beaver Creek was conducted by Ron
Rogers of BIOWEST, Inc. in August of 2021. The sample found an assemblage of native
fish including Mountain Sucker Catostomus platyrhynchus, Utah Chub Gila atraria,
Speckled Dace Rhinichthys osculus, and Longnose Dace R. cataractae. Surveys did not
detect invasive predatory species like carp in a reach section above an irrigation diversion
on lower Battle Creek. Removing fish passage barriers downstream could expose this
refugia to invasive predators like carp.

Another challenge to fish restoration is the high levels of sediment in Battle
Creek. The water quality challenges were quantified by water sampling for turbidity
levels on Battle Creek. Sampling was conducted in 2021 led by Ryan Dillingham of
BIOWEST, Inc. and included sampling conducted by Native students in USU’s Native
American Summer Mentorship Program.'® The water turbidity map in Figure 7 shows
increasing levels of Nephelometric Turbidity Units (NTUs) in Battle Creek. Sampling
found 8.27 NTUs at Treasureton Reservoir, an increase to 123.76 as Battle Creek enters
the Wuda Ogwa site, and a peak at 154.33 near the confluence with the Bear River. For
reference, cool water aquatic communities such as trout fisheries are considered by the

Environmental Protection Agency to have limits around 10 NTUs.

18 Native American Summer Mentorship Program:
https://www.usu.edu/nacc/mesas//nasmp/
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The Battle Creek turbidity data shows the challenge presented by current
degraded water quality to NWBSN objectives of restoring Bonneville Cutthroat Trout
habitat. Measuring NTUs identified areas that are contributing to sediment and turbidity
issues. Understanding the drivers of water quality issues became a necessary part of a
baseline assessment in addition to developing plans to improve riparian habitat.
Qualitative interviews helped contextualize and understand local knowledge about the
issue and where opportunities for collaboration may exist. This qualitative data is
included in the next section that summarizes interviews with landowners in the Battle

Creek watershed.
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Figure 7: Battle Creek turbidity dataset. This map of Battle Creek shows the reach
between Treasureton Reservoir in the upper right corner and the confluence with the Bear
River in the map’s bottom center. Each yellow dot represents a water sampling location
and the numbers measure Nephelometric Turbidity Units (NTU). The main finding of
this water monitoring is that turbidity measured in NTUs increases from the top to the
bottom of the reach. This finding reflects the soil erosion and watershed conditions in
Battle Creek and helps identify where restoration actions might be planned to reduce
sediment runoff.
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The opportunity for NWBSN watershed stewardship is both in improving water
quality and restoring the natural hydrology of Battle Creek. The natural hydrology of
Battle Creek refers to water flows that support the geomorphology and ecology of the
stream. The potential flows include low flow, high flow pulses, small floods and large
floods. All these environmental flow components help support different ecological
functions. Project engineers at Hansen, Allen, and Luce Inc. estimate that average flows
are between 10-15 cubic feet per second (CFS) and high flow events exceed 75 CFS. The
estimated annual water volume moving through Wuda Ogwa is 10,857 Acre Feet (Parry
and Andrew, 2023). Redesigning and transforming water infrastructure on the site like
culverts, bridges, and irrigation diversions can help address the adaptive capacity of the
site to absorb the potentially increasing frequency and intensity of floods and droughts
associated with climate change. Transforming the Battle Creek channel from its currently
incised and simplified geomorphology into a braided and sinuous path creates habitat for
native riparian species like cottonwood and willow trees. Improving riparian habitat with
a multi-strata tree canopy also creates more shaded aquatic habitat, potentially lowering
stream temperatures to support a native trout populations. Structural complexity in the
stream along with beaver activity could also help trap and settle sediment and turbidity.
More complex geomorphic features help slow, sink, and spread water on the site, which
may help improve water retention during drought periods and absorb pulse flows to
mitigate flood impacts.

Another ecological challenge is the removal of invasive Russian Olive, Elaeagnus
angustifolia. Russian Olive is an introduced invasive and its removal from Wuda Ogwa is

desired by the NWBSN in order to make room to reestablish native willows and
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cottonwoods that have cultural significance and play a role in the history of the site. At
Wuda Ogwa, two pilot tests in 2021 and 2022 used mobile biochar kilns to pyrolize the
removed Russian Olive biomass using methods developed by the Utah Biomass
Resources Group (McAvoy, 2023). Around the world, scientists are adapting the
Indigenous practice of biochar production as a way to sequester carbon and enhance soil
fertility (Roberts et al., 2010). A challenge identified by an initial pilot test at Wuda
Ogwa was that Russian Olive biochar had a high pH of 9.34, and there was concern that
if applied at a larger scale, this biochar could negatively affect the site’s soil health,
which is already slightly alkaline (pH 7.6-7.8). Second pilot tests showed the biochar
mixed with site soil and cattle and horse manure in equal ratios by volume increased
carbon content and reduced biochar pH levels (Figures 8 and 9). While these kilns may
provide a way to process biomass from removed Russian Olive trees, more research is
needed to identify the impact of this biochar on soil health and the establishment of
desired native plant species. The opportunity to ameliorate biochar within healthy soil
parameters could mean rebuilding the soil carbon content of Wuda Ogwa soils, which

may help it retain moisture and become more drought resilient.
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Russian Olive biochar and pilot test ameliorations results: Organic Matter
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Figure 8: Russian Olive (RO) biochar organic matter levels compared to control site soil
samples and four test RO amelioration combinations. Test samples show increasingly
levels of organic matter compared the control samples. This increase in organic matter is
a desired outcome of using biochar as a soil amendment because it potentially sequesters
carbon materials in the soil and increases the water holding capacity of the soil.
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Russian Olive biochar and pilot test amelioration results: pH values
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Figure 9: RO biochar pH levels (black) compared to site sample soils (brown) and four
RO amelioration combinations (green, purple, blue and yellow). Results from the test
combinations show pH levels that are similar or lower than the control soil samples. This
more neutral pH is a desired outcome of the tests because the ameliorations appear to
reduce the alkalinity of the RO biochar.

A third ecological challenge is understanding climate risks to culturally important
species at the restoration site. A team of USU researchers including the author consulted
with NWBSN elders and several publications to identify culturally important plant
species and then used downscaled climate models to analyze climate risks to these native
species (Koutzoukis et al., 2024; Pacheco, 2022; Parry, 2019). Under current conditions,
most species have medium and high suitability at Wuda Owga (Figure 10). The species

expected to see no change in suitability between historic and future conditions, with
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suitability staying high or medium, are four forbs (common milkweed “San-Ah-Koo”!

[4sclepias speciosa], common yarrow “Patontsia” [Achillea millefolium], field mint
“Pakwana” [Mentha arvensis], sego lily “Sikoo” [Calochortus nuttallii]), one grass
(Great Basin wild rye, [Leymus cinerius]), and one shrub (Wyoming big sagebrush
“Poho-pin” [Artemisia tridentata ssp. wyomingensis]). The model results showing a
resilient suitability of Milkweed were identified as an opportunity by elders and NWBSN
leadership because the species supports monarch butterflies and pollinator habitat.
Climate modeling found increasing suitability between historic and SSP5-8.5
scenarios?? for three grasses (Indian ricegrass, needle and thread, sand dropseed) and five
tree and shrub species (coyote willow, Fremont cottonwood, peachleaf willow,
skunkbush sumac, Utah serviceberry). We found decreasing suitability for two forbs
(arrowleaf balsamroot, yampah); four grass and grass-like species (cattail [ Typha
latifolia], horsetail “Sebu” [Equisetum hyemale], bluebunch wheatgrass, thickspike
wheatgrass); and five shrubs and trees (grey alder, aspen [Populus tremuloides],
chokecherry, narrowleaf cottonwood [Populus angustifolia], and Wood’s rose).
Bluebunch wheatgrass, chokecherry, Indian ricegrass, needle and thread, sand dropseed,
coyote willow, Fremont cottonwood, peachleaf willow, and skunkbush sumac stayed in
the same suitability class under both emissions scenarios (SSP2-4.5, SSP5-8.5; Table 1).

For the species with different suitability classes between emissions scenarios (arrowleaf

1 These plant names include common names, Shoshone names in quotes when available,
and binomial nomenclature in italics.

20 Shared Socioeconomic Pathways (SSPs) refer to climate models that quantify
greenhouse gas levels, changes in population, economic growth, education, urbanization,
and the rate of technological development that would affect future climate change (Riahi
et al., 2017). SSP2-4.5 is a medium climate change scenario and SSP5-8.5 is a high
climate change scenario.
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balsamroot, yampabh, cattail, thickspike wheatgrass, grey alder, aspen, narrowleaf
cottonwood, Wood’s rose, and Utah serviceberry [Amelanchier utahensis]) suitability
was always lower under SSP5-8.5 than SSP2-4.5. Utah serviceberry is the exception to
this pattern, with medium suitability under SSP2-4.5 and high suitability under SSP5-8.5.
A challenge to emerge from the climate risk modeling research is a larger
question of how project managers and partners select plant varieties and planting
techniques to mitigate risk and design for ecological resilience. While co-produced
research found risks and opportunities in the modeling for different native species, there
is still a need for a long-term adaptive management that provides a structured opportunity
for project managers and partners to continue to braid Indigenous, local, and Western
scientific knowledge in a way to inform a practical land management application of the
findings from this modeling. A component of this challenge is the difficulty of translating
model outputs into relevant and succinct recommendations that project partners can

engage with in their restoration designs.
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Figure 10: Climate risk analysis using Species Distribution Models (Koutzoukis et al,
2024). Culturally important species are located on the bottom of the X axis. The two bars
show historic (1970-2000) and future (2061-2080) suitability under medium (SSP2-4.5)
and high (SSP5-8.5) climate change scenarios within Cache and Malad Valleys
ecoregion. Points indicate means, and error bars indicate 95% confidence intervals for all
pixels in the Cache and Malad Valleys EPA Level IV Ecoregion. Suitability classes are
as follows: < 0.1 very low suitability, 0.1-0.4 low suitability, 0.4-0.6 medium suitability,
> (.6 high suitability.

An opportunity identified by USU and BIOWEST’s ecological monitoring is that
there are small populations of beaver, Castor canadensis, already living in the restoration
area of Battle Creek. In fact, the traditional Shoshone name for Battle Creek is Beaver

Creek. Active beaver dams were observed in an initial site survey in 2018, and ongoing
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beaver activity was documented through annual drone surveys and wildlife camera trap
monitoring. Restoration efforts could expand and support beaver activity by constructing
Process Based Restoration structures like Beaver Dam Analogues (BDAs) to regenerate
structurally complex riparian habitat and potentially trap some of the sediment (Scamardo
et al., under review).

Modeling of beaver habitat on Battle Creek using the Beaver Restoration Analysis
Tool, or BRAT model (Macfarlane et al., 2017), found widespread opportunity for beaver
restoration (Figure 11). The BRAT model predicts where and at what densities beaver
dams can be built and the results identify target areas for conservation and restoration.
The construction of BDAs and enabling beaver activity facilitates a suite of hydrologic,
geomorphic, and ecological feedbacks that increase stream complexity and channel—
floodplain connectivity that improves aquatic and riparian habitat. Renewing a
relationship with beaver is a restoration strategy that is increasingly used successfully
across North America (Skidmore and Wheaton, 2022). However, the opportunity to
support beaver activity as a strategy for watershed restoration is compounded by

challenges in beaver management identified by the social science team.
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Figure 11: Beaver Restoration Analysis Tool (BRAT) modeling of Battle Creek
watershed (light shaded area of map). BRAT modeling of beaver habitat on Battle Creek
found widespread opportunity for beaver restoration (blue sections of the watershed).
Battle Creek enters the Wuda Ogwa site at the red star at the bottom of the watershed.
Map created by Kyle Todechenee (2020).

Challenges and opportunities from the social science analysis

The Battle Creek and Bear River watersheds are managed by a mosaic of owners
whose land management practices influence stream conditions downstream at the Wuda
Ogwa site. Working together across this landscape of working farms and ranchers to care
for and improve watershed conditions represents a key restoration challenge. Twenty-one

semi-structured interviews were conducted with Battle Creek and Bear River landowners
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by USU graduate students (Stocker, 2021; Woodbury, 2024). These interviews asked
about participants’ relational values and local knowledge of the landscape and watershed.
The social science team’s interviews with neighboring farmers and ranchers showed that
there is interest in caring for and stewarding the watershed—a clear opportunity. They
also found concern about several water and land management issues at a local and
regional scale. Battle Creek is tributary of the Bear River, which is part of a larger three-
state management system that includes Wyoming, Idaho, and Utah. The Bear River is the
largest tributary to the Great Salt Lake (GSL), and there is increasing downstream public
and political attention on upstream land management practices due to the current water
crisis at the GSL (Larsen, 2024).

A major finding from interviews conducted by Woodbury (2024) is that
livelihood is a key relational value for ranchers and farmers in the Battle Creek and Bear
River watersheds. Woodbury’s findings show that agricultural livelihoods are embedded
in various social contexts, impacting identity, community, and other values associated
with the ability to make major changes. The interviews with farmers and ranchers found
evidence that they are paying close attention to regional water issues associated with the
GSL crisis and local land management issues related to the Wuda Ogwa project. Many
people value their independence and autonomy and many also expressed deep relational
values to Battle Creek and the surrounding area:

Well, my father was a farmer, and rancher, and so everything we had,

everything we did was associated with the land that we have for the farm...

that's where I really developed a bond, or whatever you want to call it

with, with land. With the...property that it's almost...sacred. The rights

and the responsibilities you have.” (Participant 4)

Well, I [was]... taught to just respect things and, and then just hard work. I
think that hard work, working outside gives you ... that respect that if you
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don't do good work...good things don't happen out there. So yeah, it's kind

of my upbringing... you always want to leave it better than you found it

and or try to fix anything you think is wrong with it. And that includes for

human use, and or animal use. (Participant 7)

Neighboring landowners expressed a strong value around transparency, noting a
desire to be informed of restoration actions that might impact their operation or change
their way of life. Examples included increasing numbers of visitors in the area, loss of
water rights, and flooding nearby houses and irrigation infrastructure due to beaver
activity. One interview found an example of local distrust in scientists and government
coming from past land management mistakes. The example was the introduction of the
Russian Olive tree by the National Resource Conservation Service (NRCS) as a bank-
stabilizer in the early twentieth century, which has resulted in current struggles with the
management of the invasive species. A central finding from the social science team is
that achieving ecological restoration objectives is best supported by active
communication among landowners along Battle Creek about the Wuda Ogwa restoration
plans as well as organizing opportunities to collaborate on upstream restoration activities.

Neighboring farmers and ranchers were generally supportive of the Wuda Ogwa
project; however, interviews showed variance in mental models of how the ecosystem
functions. Several shared their perception that Battle Creek has always been a “muddy
little creek™ and that it is a waste of resources to try restore it. An ecological issue
identified by several interviewees is that the soil types in the watershed are very erodible
and alkaline. In regard to beaver management, interviews suggested that landowners are
cautiously supportive of beaver but “in the right place.” There is a long history of settlers

perceiving beaver as a nuisance. One interviewee said about beaver: “We love em, we

shoot em,” referring to when beaver block water infrastructure in the upper watershed.
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People were more supportive of beaver existing lower in the Battle Creek watershed near
the Wuda Ogwa site, where there was less risk of upstream culvert and road damage.
Other interviewees expressed that beaver are useful higher in the mountains, where they
can store water and improve forage quality. Neighbors’ perceptions of the restoration
project also reflected their views on land ownership.

But, you know, at the end of the day, they [NWBSN] own the land, and as

long as it’s legal what they’re doing... I can be a little upset about it, but

... I’ll defend their right to do what they want on their land and as much as

I would hope they would defend my right to do what I would like on my

land as well. (Participant 12)

These findings show some of the challenges with adaptively managing an
ecosystem that sits across spaces with different ownership: people have different mental
models of how the ecosystem works and there are different interests based on livelihoods.
Braiding together these different local, Indigenous, and scientific knowledges requires
long-term commitment to building relationships, trust, and the capacity to communicate
and collaborate.

The interview data show there are several opportunities for collaboration between
the NWBSN and neighboring landowners. One area for this potential collaboration is in
establishing native plants to replace the Russian Olive (Stocker 2021). Some interviewees
also communicated potential interest in restoring riparian areas as well as building check
dams and wetlands to address water quality:

The biggest issue is, from what I can see, is the concerns about the Bear

River and that water going into the Bear River without having some kind

of treatment going through a wetland or something like that to leach out

some of that silt...We could easily do it up on my property by building

dams or steps up through there, or we could just stop it a little bit here and

then go up another 150 yards or something, put another little step dam in

and, and we could do that kind of thing to keep it from erodin', and maybe
trap enough of the water that we could get some vegetation growing in
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there. But that's the only way I could think that you could change the

quality of it. (Participant 1)

In summary, a challenge identified in both the social and ecological research is
that addressing underlying drivers of Battle Creek restoration requires managing an
ecosystem that sits across a landscape ownership mosaic. Nonetheless, the social research
identified an opportunity--the desire to collaborate and improve watershed stewardship.
A main challenge to collaboration on shared restoration efforts across the Battle Creek
ecosystem is concern about a negative impact on livelihoods. An implication is that
watershed restoration efforts may be more successful if they ensure that agricultural
livelihoods are not impacted, or are compensated with economic or social incentives.
Other strategies could include cost-sharing approaches like sharing resources and
volunteers to remove invasive species and plants native ones, build BDAs and rock
detention structures (Norman et al., 2022), install beaver coexistence technology like
pond levelers and relocate problem beavers. The interviews also showed that landowners
shared a common sentiment of wanting to know what is happening and valuing
transparency and communication. Ongoing sharing of ecological data and stories about
the condition of the watershed and the Wuda Ogwa restoration efforts could address the

desire for transparency and help align mental models about ecological health of the

watershed.
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Discussion

Dilemmas and questions that have emerged from the project to date

The dilemmas and questions that emerged from this initial knowledge braiding
approach are both unique to a place and illustrative of broader complexities and trade-
offs encountered in working lands conservation amidst climate change uncertainties. In
Fischer et al.’s (2021) paper, a priority for climate adapted ecological restoration is to
support people as stewards who navigate complexity. Collaborative co-produced research
can play a role in helping restoration project teams navigate social and ecological
complexity by helping to braid together plural knowledges and perspectives about a site
and its many contexts. The summary, synthesis, and analysis presented in this article
show how Wuda Ogwa is embedded in a complex landscape, watershed, and land
ownership mosaic. There are diverse Indigenous, local, and scientific knowledges about
the site, watershed, and landscape that are important to consider when planning
management choices. The following examples show how a knowledge braiding approach
can address some of these dilemmas and questions.

Ecological and social research on Battle Creek identified several dilemmas that
are reflective of Simonson et al.’s s second principle of understanding and managing
connectivity. One is related to the presence of several native fish refugia that BIOWEST
scientists discovered upstream from Wuda Ogwa. While initial restoration ideas included
removing fish passage barriers like irrigation diversions to support native Cutthroat
migration, more ecological consideration is now needed to evaluate the potential tradeoff

to the identified refugia. The risk is that in connecting the upstream reaches, downstream
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invasive carnivores could impact the refugia population. As the locations of the refugia
are upstream from Wuda Ogwa, the dilemma for developing a strategy for caring for
these refugia is related to working across the land ownership mosaic as well as designing
water infrastructure at the Wuda Ogwa site.

Another dilemma on Battle Creek is how to address the water quality issue.
Should the NWBSN try to acquire additional acreage of riparian habitat to add to the
Wuda Ogwa project? Are there riparian easements and conservation incentive systems
that restoration partners could mobilize to improve water quality and riparian habitat on
upstream lands? Navigating these coupled social-and ecological questions is a challenge
that is likely to find resonance in many restoration projects on working landscapes.

Fischer and colleagues (2021) suggest that relational values can bridge gaps
between actors. The Shoshone knowledge and local knowledge that is shared in this
article both show deep and unique relational values that encompass responsibilities and
connections to caring for and stewarding the landscape. Bridging between agricultural
livelihoods and Indigenous connections to ancestors and place is a large and difficult gap
to bridge, especially in the context of settler-colonial violence and historical
marginalization. Reciprocal recognition of relational values may contribute to bridging
this gap and build collaborative capacity to navigate ecological restoration in an era of
climate change. The knowledge braiding approach proposed by Kimmerer (2015) helps
this bridging because it recognizes that each strand of plural knowledge is unique yet also
considers how this knowledge is shaped by power structures and histories.

Another dilemma relates to the project’s experimental use of biochar kilns to

process removed Russian Olive. While these kilns provide a way to process biomass from
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removed Russian Olive trees into a soil amendment, more research is needed to identify
the impact of this biochar on long-term soil health and the establishment of desired native
plant species. Although biochar is a compelling Indigenous technique that sequesters
carbon and potentially increases soil resilience to drought, local experimentation is
needed to understand if it is appropriate for the Russian Olive feedstock and particular, in
this case alkaline, soil conditions. The second pilot test had positive initial results and the
project needs multi-year monitoring to verify the outcomes. The approach used in this co-
produced research was to try small and iterative experimentation that could provide
actionable results to inform management decisions. For example, the next step could try
biochar production at a slightly larger scale and use more replicated treatment and control
plots to achieve more robust results about this technique’s ability to sequester carbon and
improve soil health. This outcome illustrates the need for long-term research partnerships
to co-produce and implement adaptive monitoring and restoration strategies.

A third dilemma emerged from the climate change risk modeling of culturally
important species. Our modeling identified climate change risks to riparian species like
Narrowleaf Cottonwood and Bebb’s Willow. Cottonwoods and willows are both
culturally significant to the Shoshone and play a major role in the oral history of the site.
Restoring climate resilient populations of these riparian tree species is a clear way to
meet the NWBSN’s goal of making the site look and feel like pre-massacre conditions
and understanding how to make these species resilient in the face of climate change risks
is a major priority. Addressing these dilemmas requires transforming the site ecology and
hydrology through active interventions (such restoring creek complexity and sinuosity)

and ongoing management (like using water rights to irrigate restoration areas or
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organizing collective action around beaver management). These complex challenges
reflect how principles for climate adapted ecological restoration are strengthened by an
understanding of coupled social-ecological systems. While restoring native species has
always been a main part of restoration ecology, a transdisciplinary knowledge braiding
approach that includes climate modeling co-produces evidence that highlights the need to
transform site conditions to increase ecological resiliency to climate risks.

The dilemma is how to restore at-risk native species when the land has been
significantly altered by introduced species and human-induced changes in the functioning
of site hydrology so that it is no longer suitable for those native species? A potential
climate adapted ecological restoration approach is using a suit of actions that restore key
ecological and hydrological processes. In this case, these actions include supporting
beaver activity, installing BDAs, and building upland rock retention structures in addition
to creating new meandering creek channels and wetland ponds (Norman et al., 2022).
This approach is supported by multiple strands of the evidence braid from the BRAT
model, drone and camera trap modeling, local rancher knowledge, and Shoshone oral
history. Ongoing adaptive monitoring of restoration trajectories will be needed to assess
how designs are able to cope with future flood and drought events. Beaver dams and
beaver dam analogs can also act as a reservoir for surrounding vegetation, offsetting the
negative effects of seasonal and longer-term drought (Jordan and Fairfax, 2022;
Skidmore and Wheaton, 2022). While our models show some climate risks (and
potentially opportunities) to native species, how will project managers and partners
evaluate plant varieties and planting techniques to mitigate risk and continue designing

for ecological resilience? The implication here is a similar need to build capacity for
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ongoing adaptive management and monitoring that can account for climate change
pathway uncertainties and risks.

Renewing relations with a species like beaver is a challenge because of long-held
settler mental models of the species as a nuisance. Interviews by both Stocker (2021) and
Woobury (2024) showed diverse local mental models and ways of relating to beaver.
Some ranchers perceive that beavers bring significant ecological and hydrological value
to the landscapes that they manage. The ecological and social evidence suggests that
strengthening relationships with neighboring landowners and key non-human species is a
promising way to address larger drivers of ecosystem degradation across the landscape.
Transforming relationships and mental models of beaver activity may be a pathway to
build the ecological and hydrological resilience of the Battle Creek watershed. One
potential way to do this is to build the collaborative capacity of the landowners along the
watershed. For example, if Wuda Ogwa partners helped to build capacity to trap and
relocate problem beavers, then it might address landowners’ legitimate concerns while
reducing the amount of lethal removal. Similarly, partners could help build adaptive
beaver infrastructure like pond leveling devices and culvert protective fences along the
watershed to reduce risks to livelihoods. A collaborative approach that recognizes
livelihoods and plural relational values could help shift attitudes towards beavers. This is
another area where long-term co-produced social-ecological research might help refine

working lands conservation strategies.
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Reflections on climate-adapted ecological restoration

The Wuga Ogwa project presents an opportunity to reflect on the seven principles
of restoration design and implementation to support climate-adapted ecological
restoration that was introduced in the literature review (Simonson et al 2021). The first
principle in climate-adaptive restoration is to consider climate change risks and
uncertainties when setting restoration objectives. Broad scale climate risks and
uncertainties are identified in large interdisciplinary reports like the Fifth National
Climate Assessment and the IPCC report. In the Intermountain West region where Wuda
Ogwa is located, drought and increasing aridity are threatening water resources by
increasing variability of snowpack, surface water, and groundwater (USGCRP, 2023).
High temperatures have intensified droughts and there is a high likelihood of a more arid
future. At the same time, the region is experiencing more intense precipitation events that
increase risk of flooding.

Central climate uncertainties for Wuda Ogwa revolve around how a warming
climate will affect hydrology at the site. Historically, the site was nurtured by snowmelt
that flowed into the Bear River and Battle Creek. Now that both watersheds are
extensively dammed, how will warming temperate affect water delivery? If there is more
rain than snow, will that rain come in increasingly variable events? The historically high
2023 spring flood that destroyed bridges and culverts while washing away hundreds of
restoration plantings is a recent example of the need to consider climate risks. However,
there is uncertainty in the climate modeling between the different greenhouse gas
emission scenarios known as Shared Socioeconomic Pathways (SSPs). It is hard to

predict which climate change pathway Wuda Ogwa will experience. This uncertainly



175

drives home the need to keep assessing climate change conditions as restoration
continues and develop adaptive capacity to adjust to future climate and site hydrology.

Downscaled climate risk models like the one braided into this paper provide a
way to consider risks and uncertainties. However, it remains a challenge to translate these
models into restoration designs and management strategies. This challenge is both social
and biophysical in that successfully getting leaders, managers, and neighbors to engage
with climate adaptation planning is quite difficult when there are more immediate
pressing issues. One takeaway from the experience of knowledge braiding in this case is
to present risk models and climate projections as part of an array of information streams
that inform decision making. It takes time and intention to consider future climate risks
and building adaptive capacity is a mid- to long-term proposition.

Simonson and colleagues’ (2021) second principle is to select sites based on
projected changes to climate and ecological connectivity. This topic is where ecological
thinking needs to consider the cultural and spiritual connections that Indigenous people
have to sacred and cultural sites. Even if a site has degradation issues and is considered
ecologically vulnerable, how should ecologists relate to the fact that people still hold
plural and relational values that motivate collective action? Wuda Ogwa is an example of
how the Shoshone’s history with the site is motivating restoration efforts because of the
Tribe’s cultural, historical and ecological relations to the site. Even though there are
climate risks of droughts and floods at the site, there are ecological restoration actions
that can heal the site’s biodiverse habitat and eco-hydrological functions. The ecological
connection of Wuda Ogwa to the larger Bear River and Great Salt Lake ecosystems is

another motivation of wide public interest in the project. This interest has motivated
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hundreds of volunteers who have helped with restoration and monitoring work. The high
level of connectivity both socially and ecologically means that Wuda Ogwa is a highly
valuable site for ecological restoration despite degraded water quality conditions and
climate risks like droughts and floods.

The third principle is to account for future distribution and fitness when choosing
the target species or ecosystems. The knowledge-braiding approach in this paper
addresses this by compiling a list of culturally important species and analyzing their
potential distribution based on two climate scenarios (Koutzoudkis et al, 2024). What was
unique about our knowledge-braiding approach is that we centered Shoshone knowledge
and objectives. Recognizing and honoring Shoshone knowledge created opportunity to
reimagine the site’s ecology even after settler-colonialism has significantly altered the
hydrology and species composition. By identifying downscaled, place-based, species-
specific risks, this knowledge-braiding approach offers evidence that mangers can use to
build the adaptive capacity of the site. Even though the modeling data show risks to
plants like cottonwoods and willows, Shoshone knowledge and cultural connection to the
plants make a stronger strand in the braid in the sense that their restoration will be
prioritized despite the modeling data.

The fourth principle is re-establishing critical ecosystem interactions and
microclimatic niches. This principle is being addressed by restoration actions that create
structural complexity in riparian habitat. By slowing, sinking, and spreading water
thorough the historical floodplain, restoration managers are attempting to create multiple
microclimatic niches that offer lower-temperature refugia. Local knowledge gathered

through interviews provides evidence that this fourth principle should also consider the
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social dimensions of organizing restoration across ownership boundaries, particularly in
working landscapes such as Battle Creek. These ecosystem interactions and
microclimatic niches are embedded in social systems and understanding these social
dynamics allows for more comprehensive and coupled socio-ecological restoration
designs and implementation strategies. An example of this is the need to work across land
ownership boundaries to address water quality and riparian habitat along Battle Creek.
Understanding how to engage local relational values as a bridge to potentially collaborate
on cross-boundary riparian restoration upstream of Wuda Ogwa is an example of how a
knowledge braiding approach can increase the robustness of this fourth principle.

The fifth principle is to identify and mitigate site-level climate change risks. Some
of these risks have already come to pass, such as the destructive flooding experienced in
2023. Designing infrastructure like culverts, road, and irrigation systems should consider
that flood zones may change along with the magnitude and frequency of fluvial and
pluvial events.

The sixth principle is to align projects with long term policies, seeking synergies
across multiple objectives. Historically, long term land management policies in the
United State have not respected Indigenous knowledge or considered local knowledge as
relevant to science-based decisions. The NWBSN’s activism both at Wuda Ogwa and the
Great Salt Lake is playing a critical role in changing the story that is being told about the
larger GSL ecosystem. By making the watershed cultural connection through media
events and storytelling, Shoshone leaders have created a connection between Wuda Ogwa
in rural southeastern Idaho and a growing constituency in the urban Wasatch Front. This

activism has mobilized large volunteer events at Wuda Ogwa as well as increased
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recognition from state agency staff and political leaders. For example, hundreds of people
from all over the region joined the NWBSN for a tree planting day in 2023 and multiple
state officials have recognized the important role the Tribe is playing in stewarding water
to ensure that the Bear River and GSL are healthy.

Recognizing the synergy between the Shoshone’s multiple objectives also has
important implications for understanding the values that are motivating people to engage
in restoration, conservation, and climate adaptation work. For example, for over 150
years, Shoshone members worked to tell their story and gain recognition for their people.
Recognizing this agency and intergenerational persistence is a powerful story that shows
how connection to place and culture motivates care and stewardship. The Shoshone
knowledge of relating to the Great Salt Lake as more than human kin carries profound
implications for responding to the current water crises. Former Tribal Council Chairman
Darry Parry often tells the story of how his Grandmother, Mae Timbimboo Parry,
referred to the lake as “Grandmother Water.” In this perspective, stewarding the lake and
the watershed is part of renewing our relationships to more-than-human kin by protecting
and caring for their long-term well-being. This Indigenous knowledge and their relational
values have demonstrated considerable power to bring people together to find synergies
across multiple objectives.

The seventh principle is to design a monitoring framework that enables adaptive
management of the ecosystem trajectory. Current examples of putting this principle into
practice include the installation of climate and streamflow gauging stations at Wuda
Ogwa. Collecting detailed baseline data in the current phase will allow for more robust

adaptive management in the future to evaluate the ecosystem trajectory. Monitoring
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frameworks also require thinking about people and governance. A knowledge-braiding
framework based on co-produced science emphasizes how restoration monitoring should
continually include and engage the people who have the ability to influence the site’s
ecological trajectory. For example, organizing co-monitoring with Shoshone managers
and neighboring landowners could help all involved understand each other’s mental
models about the drivers and issues of the local ecosystem. In the summer of 2023, the
Wuda Ogwa Stewardship program brought Shoshone elders and youth out to a
neighboring ranch where beaver restoration is ongoing. The conversations about how to
monitor beaver activity showed compelling mutual interest in stewarding the health of the

watershed and in building relationships across boundaries.

Implications for the field of climate adaptation, ecological restoration, and

collaborative co-produced research

Building adaptive capacity involves increasing both the ecological resilience of a
site as well as the collaborative capacity of the land managers and partners. Adaptation
approaches address three ecological areas of action: resistance, resilience, and
transformation (St-Laurent et al., 2021). Resistance actions are designed to maintain
current or historical structures and functions. Examples at Wuda Ogwa include
identifying existing native vegetation and wildlife habitat on the site. From a historical
and socio-cultural perspective, Shoshone activism and land reclamation resists the
cultural erasure of settler-colonialism. Restoration at Wuda Ogwa affirms ongoing

Shoshone relationships to land, culture, and more-than-human kinships.
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Resilience actions are designed to improve the capacity of a system to return to
desired past or current structures and functions following a disturbance. One example is
removing invasive plant species (e.g., Russian Olive) while planting native species (e.g.,
willow, cottonwood, and milkweed) that support wildlife, fish, and pollinators. Another
example is riparian restoration that restores the historical riverscape’s capacity to absorb
and rebound from both floods and droughts. A final example is site-specific climate and
watershed monitoring (e.g., installation of a weather station at Wuda Ogwa) to
understand if conditions are pushing against a climactic threshold.

Transformational actions are designed to allow or drive a transition towards new
structures and functions. The NWBSN’s strategy for Wuda Ogwa’s restoration intends to
transform the site from an ecologically simplified, degraded, drought and flood
vulnerable state to a more ecologically complex condition with greater resilience to
increasingly variable precipitation and temperatures. For example, channel simplification
and incision will be addressed with Process-Based Restoration, Beaver Dam Analogues,
Post Assisted log structures, and “living with beaver infrastructure” like culvert exclusion
devices. These transformative actions build ecological resilience by slowing, sinking and
spreading water across the land while restoring species identified as important to
NWBSN culture. While the presence of modern infrastructure like highways, powerlines,
and irrigation canals means that there is little ability to completely restore the site to pre-
massacre conditions, having agency over the care and responsibility of the site is deeply
meaningful to the NWBSN as evidenced in their annual commemoration ceremony,

recent Wuda Ogwa film, publications, and interviews with the media.
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Transformational actions intertwine across ecology and culture. At a 2023
volunteer tree planting events, Wuda Ogwa Project Manager Brad Parry spoke of
culturally transforming the site, “By inviting you all out and doing this...We want to
make this a place to come again.” What this cultural and ecological transformation means
is healing the land and our human relations from colonialism while renewing our
relationships to each other and the more-than-human world. Cultural Specialist Patty
Timbimboo-Madsen describes this dynamic well: “Relationships are building and I’'m
thankful for that. Partners bring us all together because we’re all working and learning
from each other. That knowledge that they have, that we give them, they learn to see us
as human beings and not just Indians” (NWBSN, 2024). Her words speak to the need for
settler-scientists to transform our understandings and relationships to prioritize respect,
humility, and reciprocity. These descriptions of ecological, cultural, and interpersonal
transformation have important lessons for the growing field of collaborative capacity.
This capacity is defined as developing, supporting, and implementing collective,
inclusive, equitable, and scalable impacts, including the ability to collaborate, to
influence others, and to share leadership (Baxter and Land, 2023). A knowledge-braiding
approach can help build ecological resilience and collaborative capacity by bringing
together critical and plural ways of knowing to ecological restoration and climate change
adaptation planning. This paper has argued that there is a need for transdisciplinary
knowledge braiding that can help address complex socio-ecological restoration projects.
A key insight from this case study is the centrality of long-term, placed-based

relationships in enabling meaningful knowledge braiding.
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Knowledge braiding is an important concept because it emphasizes the unique
and plural qualities of knowing the world. Robin Wall Kimmerer (2015) emphasizes how
braiding both sweetgrass and knowledge can bring us into reciprocal relationship with
each other. The Wuda Ogwa case study show an example of how knowledge braiding can
play a role in self-determined planning for climate change. Restoration efforts at Wuda
Ogwa shows how renewing Shoshone knowledge involves healing and renewing
relationships with both humans and more-than-human kin. While this involves restoring
persist relationships that are part of long-standing heritage such as origin stories and
surviving terrible trauma, it also involves creating new relationships that support
mobilization to address climate change and ecological degradation. Shoshone knowledge
and values about reciprocally relating to the more-than-human world are a critically
important framework for relating to the larger watershed issues that connect Wuda Ogwa
to the Bear River and Great Salt Lake. Wuda Ogwa will contribute an estimated 10,857
annual acre feet to the Great Salt Lake, or around 2% of the 471,000 annual acre-feet of
water that is needed to stabilize lake levels (Steed, 2024). While the quantitative
contribution is very small, the qualitative contribution is huge because the Wuda Ogwa
restoration project emotionally connects many different people to history, place, and the
watersheds that connects us. These relational values are spreading through Shoshone
stories, activism, and the shared restoration work at Wuda Ogwa.

Reflecting on the seven principles of climate-adapted restoration (Simonson et al.
2021) as well as the six priorities for social-ecological restoration (Fischer et al. 2021),
this paper offers insight from the Wuda Ogwa restoration project into nine social-

ecological elements identified by the analysis of this paper as central to this project and
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similar efforts (Figure 12). These elements are 1) Understanding livelihoods and working
lands; 2) Braiding multiple knowledges; 3) Building social relationships; 4) Cultivating
cross-boundary collaborations; 5) Growing capacity to navigate change; 6) Facilitating
dialogue about potential climate futures; 7) Exploring the provision of conservation
economic incentives; 8) Engaging plural values and motivations; 9) Supporting boundary
spanning organizations and personnel. Comparing these nine elements to the experiences
of other similar ecological restoration projects will help build a base of evidence as to

what enables climate adapted ecological restoration in working landscapes.

BRAIDED SOCIAL, ECOLOGICAL, AND SHOSHONE

INSIGHT AT THE WUDA OGWA RESTORATION PROJECT

Crowing capacity
Braiding to navigate
multiple change Facilitating
knowledges dialogue about

Engaging
plural values &
2 ivati Supporting
| motivations

Understanding Cultivating 5 oLt boundary-

Ly climate futures r

livelihoods & cross-boundary spanning
working lands collaborations organizations &

Providin
ot . g personnel
Building social economic

relationships incentives

Figure 12: Key socio-ecological elements of a knowledge braiding approach to climate
adapted ecological restoration. These nine elements reflect lessons learned from the
Wuda Ogwa restoration project.
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Conclusion

The Wuda Ogwa project supports the cultural identity of the NWBSN by creating
a place of healing where the Tribe brings people together to heal from historical trauma,
strengthen their relationships to a part of their traditional territory, collaborate with
partners who believe in their vision for this place, and teach others about their culture,
history and resilience. Ecologically restoring this site includes aesthetic, spiritual,
knowledge, social identity, and educational benefits. The significant value associated
with the Tribe telling their stories of persistence and resilience joins a wider conversation
involving Indigenous communities in the Intermountain West and across the world work
to the restoration and “re-storyation” of historic sites where settler narratives have
previously marginalized Indigenous narratives (Nabhan 1991; Kimmerer 2017). Around
the world, there is a need to continue listening to Indigenous perspectives about how to
approach co-management, ecological restoration, and climate adaptation.

The Shoshone people have always used stories to advocate for a connection to
land as pedagogy (Parry 2019). For example, consider Mae Timbimboo’s story of
relating to the Great Salt Lake as Grandmother Water and how that relationship, rather
than ownership, might guide future water management decisions. The current era is
experiencing a resurgence of Indigenous activism, scholarship, and land management
practices. There are important discussions needed on how to ethically and responsibly
bring Indigenous knowledge into academia, as a way of legitimizing the knowledge of
Indigenous peoples. Part of these discussions are advanced by attention to the CARE
principles of collective benefit, authority to control, responsibility, and ethics in

collaborative ecological research (Jennings et al., 2023). By grounding this co-produced
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research in ongoing relationship and dialogs with NWBSN leadership, this article strives
to embody the CARE principles by articulating data sovereignty protocols (Appendix 2)
and ensuring co-produced research products benefit and are relevant to the Wuda Ogwa

project goals.

This paper presents a summary, synthesis, and analysis of the efforts to co-
produce science and braid knowledge in support of the NWBSN’s goals of healing the
land, exercising sovereignty, sharing their story, and practicing adaptive management
given the uncertainty of climate change. It works to show the value of braiding
knowledge for co-producing climate-adapted ecological restoration and how this
project’s insights can inform global restoration efforts by including transdisciplinary
social and ecological research. Amidst a changing climate and a decade of ecosystem
restoration, there is an opportunity to collectively dismantle settler-colonialism, care for
human and more-than-human kin, and actively nurture plural ways of knowing and

relating to land.
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CHAPTER 5

DISSERTATION CONCLUSION

“Stewardship means acting responsibly to serve the needs of a community”

— National Congress of American Indians, 2009.

The articles in this dissertation are connected by the idea that working together on
working landscapes requires building collaborations able to co-produce science, braid
together plural knowledge, and build incentive structures that support intergenerational
stewardship. These collaborations are strengthened by attention to relational values that
emphasize humility, agility, persistence, and a shared understanding of place-based

context. This idea is described in a conceptual diagram in Figure 13.

Working together for working lands: a conceptual diagram

Braided Knowledge:
Local, Indigenous, &
Scientific

Science translation and social learning

I Outcomes:
Alfitides Active working Co-produced -Rural livelihoods
N ’ lands stewardship Social & -Ecosystem services
el Ecological -Adaptive Capacity
Values, Research -Biodiversity
Agency

|

Conservation
Incentive
Systems

Flexible and adaptive design

Figure 13: Working together for working lands conceptual diagram
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This dissertation explored two strategies that may better support working together
on working lands: conservation incentive programs and knowledge braiding. Article one
explores the interaction between grazing livelihoods and participation in the Watershared
conservation incentive program in Bolivia. Article two explores how Watershared field
staff facilitate participation in ways that enable a relational approach to care-based
stewardship. Article three explores how relationships and a knowledge braiding approach
can support Shoshone stewardship of the Wuda Ogwa restoration site in the US West.
When considered as whole, these articles show how working landscapes is a concept that
is evolving to include diverse stewardship motivations as well as the need for plural ways
of knowing and relating to the working land and human communities whose lives are
braided together with the well-being of the land, water, and more-than-human kin.

While this work is slow and often challenging, this dissertation provides evidence
that it is indeed possible to improve the ecosystems of working landscapes while
improving rural livelihoods. Findings from this dissertation show the need for a
collaborative and relational disposition amongst working lands researchers. Effectively
and ethically working across boundaries requires humility, agility, persistence,
understanding of context, and a commitment to reciprocity. Building adaptive capacity by
braiding knowledge is possible and there is a need to gather a wider evidence base to
strengthen the theoretical and pedagogical potential of these ideas.

In Adrienne Maree Brown’s book, Emergent Strategy.: Shaping Change,
Changing Worlds, she argues that imagination is one of the spoils of colonization
(Brown, 2017). The question of who gets to imagine the future for a given geography is a

core political question with enormous implications. Reclaiming the capacity to imagine a


https://www.goodreads.com/work/quotes/49985256
https://www.goodreads.com/work/quotes/49985256
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future in the era of climate change and strengthening the collaborative capacity to
imagine and act together is a need that bridges ecology, justice, and politics. Three of
Brown’s principles of emergent strategies reflect the findings in this dissertation
including: 1) Change is constant; 2) Move at the speed of trust. Focus on critical
connections more than critical mass — build resilience by building relationships; and 3)
What you pay attention to grows (Brown, 2017).

As case studies and methods to support transdisciplinary collaborations continue
to grow and evolve, the next steps will entail building an evidence base of how to
theorize, situate, and facilitate these processes to support resiliency and transformation on

working landscapes.
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Appendix A. Interview Instruments for Watershared Participants and

Non-participants

Entrevista semiestructurado - Guia del participante

o Follow script for informed consent
e Test audio-recording device
e Confirm permission for audio recording and start recording

Municipality:
Community:
Interviewer:

Date of interview:
Time of interview:
Code of interviewee:

Seccion 1. Tu, tu sustento y tu comunidad

(Asegurese de descifrar individual vs HH / familia en las entrevistas)

Para comenzar, me gustaria hacerle algunas Répidos sobre usted y
su familia y lo que hace.

1. (Cuénto tiempo hace vivido aqui?
Getting to know e Para empezar, ;me contaria tu experiencia viviendo en esa
participant: comunidad? ;Como fue ti tiempo aqui?
e Crops e Afuera de usted, con quien mas conforma de su familia en
e C(attle hogar ;De donde viven ellos? ;Aqui?

e Time in community

(Podrias contarme un poco sobre lo que hace? (p. ¢j., cultivar,
criar animales, trabajar en una ciudad cercana, etc.)?

(Podria decirme mas que hace su familia para ganarse?
(Podrias hablarme de un dia normal en tu vida? ;Qué haces
desde la manana hasta la tarde? ;Eso cambia de temporada en
temporada?

(Que son los raices culturas de tu familia?, (por ejemplo mi
abuelo era aleman y por su musica, cultura, idioma yo identifico
como aleman)

2.

[ Tiene cultivos? ;Qué tipo de cultivos cultivas?

If Crops not mentioned.:
e Do they plant?

(Cosecha las plantas para el alimento en tu hogar, las vendes
para el efectivo, o ambos?
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e Types

e Where do they
plant

e What do they plant

e ;Qué cultivos te gustaria cultivar mas?
e ;Donde cultivas, es la tierra que tiene (esta compartido, en tierra
indiviso, aquillado)?

(Crias animales domesticados en algun lugar o guardas animales en
tu casa? ;Qué animales tienes?

If animals not
mentioned:

e Have them?

e Types?

o  Consume/sell?
[ ]

Where do they keep
them?

o Wildlife problems?

e Pollo, cerdo, ganado, alpaca, ;algo mas?
Si el ganado es pronto ;Cudntos ganados tienes? ;Qué
tipos?
Si es ganado, solicite: ;El ganado son de a usted o a alguien
mas en su hogar?
e Consume sus propios animales? (por ejemplo, huevos, leche,
piel, etc.)?
e ;Vende sus propios animales (por ejemplo, huevos, leche, piel,
etc.)?
e ;Donde crias tu ganado? (Es esto en la tierra que tiene? ;Se
comparte con tu familia? ;/Si no se alquila?
e ,Tienes algunos conflictos o interacciones con animales
silvestres?

4. (Podria contarnos un poco mas sobre la tierra que tiene en general?
Type of land owned (Hay bosque o quebradas? ;Qué tipo de arboles estan en eso?
5. Recuerda cuando llegaste aqui por la primera vez, ;cémo decidiste

donde construir tu casa, plantar tus cultivos, colocar tu ganado?

How decided where to
build, plant, &keep
animals

¢ ;Hablaste sobre estas decisiones en su hogar o solo no
mas? ;Hablas con su pareja? ;Cémo fue esa conversacion?
e ;Hablaste con sus vecinos u otros amigos o alguien en su
comunidad ante que hizo esas decisiones? ?

6. [ Trabaja usted o los miembros de su familia en algin lugar afuera
de su propiedad
Work outside HH; e ;Qué tipo de trabajo hacen usted o los miembros de su hogar?
Types of Jobs e A dénde van ustedes / los miembros de su hogar a buscar
Who does them trabajo?

Far or close to HH
Why

e Por qué ustedes / los miembros de su hogar eligen este tipo de
trabajo?

e Sies posible, jquerria trabajar mas o menos lejos de su tierra?

e Esdificil o facil encontrar trabajo fuera de su tierra?

e ;Qué tipo de trabajo te gustaria ver hacer a sus hijos? ;Quiere
que trabajen en su propia tierra algin dia? ;O quieres que
trabajen en la ciudad o en algun otro lugar?




200

jGracias por compartir eso conmigo!
Seccion 2. Individual: Participacion actual en ARA.

A continuacion, me gustaria hacerle algunas preguntas sobre un programa en su area
llamado Acuerdos Reciprocos De Agua (ARA ) .

(Explico lo que el programa es en otras palabras, si es necesario [Proyecto de Natura,
Proyecto de incentivas con Natura, etc.])

7. (Puedes decirme lo que sabes sobre ARA?
Do they know of e ;Has oido hablar de este programa?
ARA/how? e ;Como has oido hablar de ARA?

8. (Fuiste a la reunion donde explican el programa ARA?
How was the offering e SI: ;{Podria hablarme sobre de esa reuniéon? (lo que
meeting; hablaron, etc.)

e Experiences? e Si: ;Como te sentiste de la presentacion?
e Well explained? e Si: ;Qué te parecio la presentacion?

e ;silarespuesta es SI: ;Usted entendid todo que explico?
,Sentiste que entendiste como funcionaba bien?

9. (Cuadles crees que son los principales objetivos de ARA? ;Como
piensas en esas metas?
e ARA objectives e ;Crees que ARA se propone proteger los bosques? ;Cree que
e think it helps esta funcionando ahora? ;Cémo es eso?
environment/ e ;Crees que ARA se propone mejorar la calidad del agua? ;Cree
livelihood? que esta funcionando ahora? ;Como es eso?
10. (Esta usted un participante en el programa ahora o ha participado en
Participant? el programa en el pasado?

Le voy a hacer algunas preguntas sobre sus experiencias con el programa ARA hasta ahora.

11. (Podria decirme porque tomar la decision a participar en al
programa?

Decision to participate: | ¢ Hay otros factores / consideraciones en los que pens6 cuando
decidio participar con el programa ARA?
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e Didn’t want
to/couldn’t?

e Something in the
contract?

e Feel it would
impact;
land/community?

e  Would they join if it
was offered again?

e ,Piensa que el programa crearia cambios en su agua o tierra?
(Estaba motivado por los incentivos?

e ,Pensaste que participar en el programa afectaria a tu
comunidad?

12. (Coémo tomo la decision para participar en ARA?
Decision to join — ¢ ;Hablaste sobre la decision con su pareja? ;Como fue esa
included conversacion? ;Y tomaste la ultimo decision con ellos? ;Converso
spouse/HH/neighbor/ la decision con otros miembros del hogar? ;Comento la decision
community? con otras personas en su comunidad (miembros que no son

Importance of spouse
in decision

miembros del hogar)?
¢ ;Qué tan importante la opinion de su pareja en la decision a
participar in ARA?

13.

(Me puede contar un poco sobre el contrato que firmd para
participar en ARA?

Details of the contract

e ;Cuanto duro?

e ;Qué parcela de tierra firmoé en el programa? (Caracteristicas de
la parcela: presencia de arroyo, pluviometria tipica, riego,
vegetacion, pendiente, altitud, ;otros?)

14.

Decision on which land
top put in

(Como tomo la decision a cual de tus parcelas a poner en
conservacion?

15.

(Qué esperabas del programa cuando empez6? ;Como se han
cumplido tus expectativas hasta ahora?

Expectations of
program & were they
met?

e ,Podria decirme mas sobre qué expectativas tuyas no se
cumplieron?

e Por qué no se han cumplido estas expectativas? ;Por qué crees
que esto sucedid?

16.

(Puedes decirme las cosas que estan prohibida en su contrato?

What is not permitted
in the contract?
e Provisions
reasonable?

e ;Crees que estas prohibida son razonables? ;Por qué o por qué
no?

e ,Siente que estas prohibiciones son las mismas para todos los
que participan en un ARA?
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Same for
everyone?
Know anyone
who had to
payback their
incentives
What if you
were falsely
accused of
failing to meet
contract req.?
Who maintains
contract reqs.?

e ;Qué crees que paso si hagas algo prohibido en su contrato?
(Hay alguna vez oido hablar de alguien que no cumple con las
provisiones y que paso?

e (Condicional) Si Natura dice que no cumpliste per que usted
sabe que ha cumplido, ;Qué¢ harias?

e ;Cual de las provisiones ha completado? ;Quién en su hogar es
responsable de cumplir con estas provisiones? ;Quién hace el
trabajo que es necesario para mantener estas provisiones?

e ;Como se ve ese trabajo? ;Podrias darme un ejemplo?

e ;Podria decirme sobre algin problema que haya tenido que
cumplir prohibiciones y mantener los provisiones?

e Cual de las provisiones estaba la mas dificil a cumplir o
mantener? ;Por qué - qué pas6? ;Cuales son algunos de los

e Problems desafios?
maintaining e ,Tuviste algiin problema con Natura? ;Esto ha afectado tu
contract? contrato de alguna manera?

e Problems with
Natura?

(Para comunidades con experiencias pasadas con ARA
17. condicional):
If had C before and are

in UC now; notice
difference in contracts?

[ Tenia un contrato antes de este?

e Si es asi, ;hubo alguna diferencia en lo que este contrato que
tiene ahora haga en comparacion con el contrato anterior? ;Qué
piensa sobre de esas diferencias?

Gracias, yo sé que hablaste con nuestro equipo el afio pasado, pero nos gustaria hablar con
usted mas sobre los incentivos que eligidé como parte de su participacién en ARA

18. (Qué tipo de incentivos eligio?
19. (Podria decirme sobre su decision de elegir (incentivo)?
e Why pick X e ;Cudles eran tus planes parausar __ ?
incentive? e /Sintié que tendria algun impacto en su tierra o0 medio de vida?

e Expectations for
self/land/etc.?

e ,Sientes que tus expectativas se han cumplido?

20.

(El incentivo que conseguiste, puedes obtener eso afuera de ARA o
sin participar?
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Could you get X
incentive outside of
ARA?

Have you?

If not, why?

Rdpido SI: {Has comprado el articulo en el pasado? Si no: ;Qué le
impidié comprar este incentivo en el pasado?

Rapido NO: ;por qué no? (Explorar la capacidad, razones
economicas, logisticas, de interés)

jBueno! A continuacidn, nos gustaria hablarle mas sobre sus incentivos especificos, usted dijo

que eligio

[correcto?

*

S'i las cajas de abejas entrevistado menciono, entonces pregunto: ;Como ha sido su

experiencia con las cajas de abejas?

Experience with
bee boxes
previously?

If no — received
training?

Have they used it?
Still using it?

(Ha tenido experiencia previa con el uso de cajas de abejas?
Si la respuesta es NO: ;Recibio capacitacion sobre su uso?
a. (Usaste la caja de abejas? ;Todavia lo estés
usando? ;Si no, porque no?
c. (Hubo materiales adicionales que necesitaba para
comenzar? ;Como los obtuviste?

o e

e Needed additional d. (Quién ha estado manejando la caja de abejas?
materials? e. (Se cosecha de miel o hacer cualquier producto de la miel?
e Who manages it? f.  ¢Qué hiciste con la miel o los productos de miel?
e What do they do g. Sise menciona la venta, ;quién vendi6 la miel?
with the a. En general, jcree que la caja de las abejas fue util o
honey/products? ’ no para su hoga’r‘? (,Como es gso? '
e Have they found it [ Qué .te parece la variedad dq a.rbol que elegiste? ;Has tenido
useful? experiencias con esos? /Son injertadas?
(Recibid capacitacion sobre el mantenimiento o cuidado de ellos?
&

Si los arboles frutales entrevistado menciono, haga las siguientes Rapidos.: ;Como ha

sido su experiencia con sus darboles frutales?

a) ¢Qué te parece la variedad de arbol que elegiste? ;Has tenido
experiencias con esos? /Son injertadas?
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e Experience with 1. (Recibid capacitacion sobre el mantenimiento o
fruit trees cuidado de ellos?
previously? ii.  ;Hubo materiales adicionales que necesitabas para
e Ifno - received comenzar?
training? b) ¢Plantaste los arboles frutales? ;Estan los arboles frutales
e What varieties? todavia vivos? ;Si no, porque no?
e Needed extra ¢) (Quién ha estado manejando los arboles frutales?
materials? d) ¢Cosechaste alguna fruta?
e Planted them? e) (Qué hiciste con las frutas?
o How’s it going? f) Sise menciona la venta, ;quién vendio las frutas?
e (ollected/sold fruit
H Si el entrevistado menciono alambre de espino, politubo o tanque de agua, haga

las siguientes preguntas: ;Como ha sido su experiencia con X?

Experience with X?
Received training?
Used it? How?
Needed extra
materials?

Who put it
up/maintains it?

(Recibio alguna capacitacion o ayuda con los incentivos?
1. (Hubo materiales adicionales que necesitd para
usarlos?
ii.  b) ;Para qué usaste el alambre/ politubo / tanque
de agua?
Si se menciono la construccion de una cerca, pregunte: ;la cerca
todavia esta funcionando? Si no, ;por qué no?
a. d) Si se menciond la construccidon de politubos de agua o tanques
de agua, pregunte: ;Estan las politubos de agua o los tanques de
agua todavia en uso? ;Si no, porque no?

ﬂ Si el entrevistado menciond pasto, como la siguiente Rapido: {Como ha sido

su experiencia al sembrar semillas de pasto?

e Experiences
with planting
forage seed?

e Received
training?

e Needed extra
tools?

e s itstill good?

(Recibio algln tipo de asistencia o capacitacion en la siembra de
semillas de pasto?

(Hubo herramientas o materiales adicionales que necesito para
plantarlos?

[ Podria decirme sobre su decision sobre donde plantarlos y por qué?
(Me podria comentar su proceso para plantar las semillas?

(El pasto en el que los plantaste sigue funcionando?
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Hemos hablado sobre las

provisiones de sus contratos y los incentivos que recibid por ellos.

21.

Al pensar en todo eso, cree que el trabajo que realiz6 para
mantener sus provisiones fue igual al que recibi6 de los incentivos
que recibi6 de ARA?

Is work put in equal to

Pregunto si NO: ;Podria decirme lo que cree que seria igual?

benefit of program? OR | Pregunta si NO: ;Siente que Natura escucharia si usted / la
worth it”? comunidad pidiera X?
Pregunta si SI: ;Podrias pensar en algo que lo haga diferente?
22. (Hay cambios de responsabilidades entre usted y su familia desde
que firmé un contrato de ARA?
Changes in HH e ;Me contarias un poco mas sobre lo que ha cambiado?

e What does it look
like?

e Change who does
what in HH?

e Change decisions in
HH with spouse?

e General changes

e ;Hay alglin nuevo trabajo debido a los contratos de ARA? ;Para
su pareja, hijos, familia extendida?
e ,Puedes contarnos los detalles de esto?

e Ha cambiado algo acerca de como se toman las decisiones en
su hogar en general? ;Coémo es eso?

23.

(Participacion en ARA ha cambiado su relacion con los miembros
de su familia, o la dindmica de su hogar? ;Cémo es eso?

Conflicts in the

e Ha habido algliin conflicto? con tu pareja?

change?

24. (Participacion en ARA ha cambiado su relacion con otros miembros
Changes relations with | de la comunidad, o entre su hogar y otras familias de su comunidad?
community?

25. /Como ha cambiado como realizo su trabajo/ o actividad de trabajo

como resultado de su participacion en ARA?

Change in work due to
ARA-

e Habia cambios en sus practicas agricolas debido las
prohibiciones del contrato de ARA?
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e In Ag work?
e Cattle?

e Habia cambios en su manejo del ganado por la causa de la
prohibiciones del contrato de ARA?

26.

([ Qué piensas de esos cambios? ;Han sido justos? ;injusto?

Thoughts on changes?
Is it just?

e /Podria decirme mas sobre como han sido justos o injustos?
si INJUSTO: En su opinion, ;jcomo podria mejorarse esto?

27.

En general, jse siente mejor o peor como resultado de su
participacion en ARA?

Feel better or worse
about your participation
in ARA

e ;Podria compartir conmigo de qué manera se siente mejor /
peor?

Indicacion: (indague como han percibido los efectos de los medios

de vida, el ganado, la agricultura, etc. )

Seccion 3. Comunidad: Participacion actual en ARA.

A continuacion, me gustaria hacerle algunas Rapidos sobre su comunidad. Para empezar,
Jpodrias decirme primero?

28.

LA quién consideras parte de tu comunidad? / Se relaciona mas con
sus vecinos mas cerca o con toda la comunidad

How is community
defined

e ;Personas que viven en tu pueblo / ciudad?
e ;Otros agricultores en tu pueblo / ciudad?

29.

(Conoces a otros que se han participado en ARA?

Know someone else
who participates in
ARA?

Why did they?

Did anything change
for them?

Did it influence your
participation?

e /Por qué crees que se participd?

e ,Piense que algo cambio en su forma de vida por su
participacion ;Podrias contarme un poco mas sobre de eso?

e ;Influyo eso en tu decision de participar o no? ;Como es eso?

30.

(Conoce a alguien que no participo,
pero deseaba que podria haber participo?

Know someone who
doesn’t participate?

e ;Qué crees que les impidio hacerlo?

31.

(Piensa usted que toda la gente en la comunidad tiene la
oportunidad a participar in ARA si quiere?
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Do you think everyone
has the same

e ;Cuadles son algunos de los motivos por los miembros
de la comunidad no pudieron participar? ;Como se sienten al

opportunity to respecto?
participate? e ;Como te sientes sobre eso? (Es justo o injusto, desde su
Motives? perspectiva? ;Por qué?
Thoughts?

32. En general, jcudles son los efectos de ARA en su comunidad?
Impacts of ARA onthe | e ;Qué beneficios has visto?
community? Benefits? | e ;Qué desafios ha traido ARA a su comunidad?
Challenges? e ,Como te sientes sobre eso? (Es justo o injusto, desde su

Are the changes just?

perspectiva? ;Por qué?

33.

(Ha habido algun problema nuevo en su comunidad desde
que comenzd ARA?

Any new problems in
the community?

Are they b/c of ARA?
How could you resolve
these problems?

e ,Sientes que esos problemas se han debido a ARA?

e ;Puedes decirme mas sobre lo que paso?

e ;Qué¢ ha hecho la comunidad para resolver los problemas?

e ;Me puede decir como cree que pueden
resolverse estos problemas?

e ,Anticipa mas problemas o conflictos en el futuro? Si es asi,
(qué crees que podria pasar? ;Por qué?

34.

(Ha cambiado la relacion entre las personas en su comunidad desde
que comenzd ARA, o ha cambiado la dindmica de la comunidad?

Have relationships
within the community
changed/dynamics?

How do you feel about
these changes? Just/in
just.

e /Sientes que estos cambios se deben a que ARA esté presente en
la comunidad?

e /Podria decirme mas sobre los cambios? ;Por qué crees que
ocurrieron estos cambios?

e ,Como te sientes sobre eso? ;Es justo o injusto, desde su
perspectiva? ;Por qué?

35. (Ha cambiado la relacion entre su comunidad y otras comunidades
desde que comenz6 ARA?
Anything changed e ,Podria decirme mas sobre los cambios? ;Por qué crees que

between your

ocurrieron estos cambios?
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community and other
communities

How do you feel about
that?

e ;Como te sientes sobre eso? (Es justo o injusto, desde su
perspectiva? ;Por qué?

Seccion 4. Percepciones sobre el medio ambiente y las ONG.

36.

(Podria contarme sus experiencias con Natura (la ONG que
administra ARA)?

Personal experiences
with Natura.
Past/Present

e ,;Los conocias antes?
e ;Cuadles fueron tus pensamientos cuando presentaron el
proyecto?

37.

[Podria describir una interaccion y que haya tenido con Natura?

Describe interaction
with Natura

Were they
open/honest/respectful

Has participating in

e ,;Qué piensas de esas interacciones?

e Te trataron con respeto?

e Fueron abiertos/honestos al comunicarse con usted?

e Pregunte si el entrevistado fue / es un participante: |Han
cambiado tus interacciones con Natura desde que te iniciar
programa?

e Pregunte si el entrevistado fue / es un participante: ;Alguien de

ARA changed that Natura ha ido a visitarte a ti ya tu tierra? ;Qué hicieron?
relationship?
38. [ Siente que ha habido algin cambio en los bosques y el agua a su

alrededor, o cambios con la vida silvestre, ya que ARA estaba en su
area?

Been change in forest
or water since ARA
started

What changes have you
noticed?

e ,Sientes que esos cambios estan directamente relacionados con
ARA?

e ;Podrias contarme algunos de esos cambios que has
notado? ;Qué piensas de estos cambios? ;Una cosa buena? ;Un
problema para ti? ;Realmente no me importa?

39.

Have any other
comments/ideas

(Tiene alguna otra idea sobre ARA ahora que desea que
contarme? ;Alguna otra idea sobre las necesidades de conservacion
de su comunidad?
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Conclusion & Thank You

Thank you again for taking the time to talk with us and share your thoughts.
Hand them a copy of the Letter of Information, which includes all your contact
information (if did not hand them this before started interview)
Ask if they have any questions and make sure everything was clear
Remind them everything is confidential
Remind them where to find the results and/or contacts

o Ask for contact info if they want to be given a summary of the results
Stop recording
Thank you again and goodbye

Record any observations, thoughts, feelings and/or reactions about the interview (from
the interviewer’s perspective) if any.
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Entrevista semiestructurado - Guia del NON participante

e Follow script for informed consent
e Test audio-recording device
e Confirm permission for audio recording and start recording

Municipality:
Community:
Interviewer:

Date of interview:
Time of interview:

Seccion 1. Tu, tu sustento y tu comunidad

(Asegurese de descifrar individual vs HH / familia en las entrevistas)

Para comenzar, me gustaria hacerle algunas Rapidos sobre usted y
su familia y lo que hace.

e Time in community

40. (Cuénto tiempo hace vivido aqui?
Getting to know e Para empezar, ;me contaria tu experiencia viviendo en esa
participant: comunidad? ;Como fue ti tiempo aqui?
e Crops e Afuera de usted, con quien mas conforma de su familia en
o C(attle hogar ;De donde viven ellos? ;Aqui?

(Podrias contarme un poco sobre lo que hace? (p. ¢j., cultivar,
criar animales, trabajar en una ciudad cercana, etc.)?

(Podria decirme mas que hace su familia para ganarse?
(Podrias hablarme de un dia normal en tu vida? ;Qué haces
desde la manana hasta la tarde? ;Eso cambia de temporada en
temporada?

(Que son los raices culturas de tu familia?, (por ejemplo mi
abuelo era aleman y por su musica, cultura, idioma yo identifico
como aleman)

41.

[Tiene cultivos? ;Qué tipo de cultivos cultivas?

e Do they plant?

e Types
e  Where do they
plant

e What do they plant

If Crops not mentioned:

(Cosecha las plantas para el alimento en tu hogar, las vendes
para el efectivo, o ambos?

(Qué cultivos te gustaria cultivar mas?

Donde cultivas, es la tierra que tiene (esta compartido, en tierra
indiviso, aquillado)?

42.

(Crias animales domesticados en algun lugar o guardas animales en
tu casa? ;,Qué animales tienes?

Pollo, cerdo, ganado, alpaca, ;algo mas?
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If animals not Si el ganado es pronto ;Cudntos ganados tienes? ;Qué
mentioned: tipos?

e Have them? Si es ganado, solicite: ;El ganado son de a usted o a alguien
o Types? mas en su hogar?
o Consume/sell? e ;Consume sus propios animales? (por ejemplo, huevos, leche,
e Where do they keep piel, etc.)?
them? e Vende sus propios animales (por ejemplo, huevos, leche, piel,
e Wildlife problems? etc.)?

e ;Donde crias tu ganado? (Es esto en la tierra que tiene? ;Se
comparte con tu familia? ;Si no se alquila?
e ;Tienes algunos conflictos o interacciones con animales

silvestres?
43. (Podria contarnos un poco mas sobre la tierra que tiene en general?
Type of land owned (Hay bosque o quebradas? ;Qué tipo de arboles estan en eso?
44. Recuerda cuando llegaste aqui por la primera vez, ;como decidiste

donde construir tu casa, plantar tus cultivos, colocar tu ganado?

How decided where to | e ;Hablaste sobre estas decisiones en su hogar o solo no
build, plant, &keep mas? ;Hablas con su pareja? ;Como fue esa conversacion?
animals ¢ ;Hablaste con sus vecinos u otros amigos o alguien en su
comunidad ante que hizo esas decisiones? ?

45. [ Trabaja usted o los miembros de su familia en algun lugar afuera
de su propiedad
Work outside HH; e ;Qué tipo de trabajo hacen usted o los miembros de su hogar?
e Types of Jobs e A ddénde van ustedes / los miembros de su hogar a buscar
e  Who does them trabajo?
e Farorcloseto HH |e Por qué ustedes/los miembros de su hogar eligen este tipo de
e Why trabajo?

e Si es posible, ;/querria trabajar mas o menos lejos de su tierra?

e ,Esdificil o facil encontrar trabajo fuera de su tierra?

e Queé tipo de trabajo te gustaria ver hacer a sus hijos? ;Quiere
que trabajen en su propia tierra algiin dia? ;O quieres que
trabajen en la ciudad o en alglin otro lugar?

Seccion 2. Individual: Participacion actual en ARA.

A continuacion, me gustaria hacerle algunas preguntas sobre un programa en su area
llamado Acuerdos Reciprocos De Agua (ARA ).

(Explico lo que el programa es en otras palabras, si es necesario [Proyecto de Natura,
Proyecto de incentivas con Natura, etc.])
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46.

Do they know of
ARA/how?

47.

How was the offering
meeting;

e Experiences?

e Well explained?

48.

e ARA objectives
o think it helps

environment/
livlihood?

49.

Participant?

(Puedes decirme lo que sabes sobre ARA?

e Has oido hablar de este programa?
e (CoOmo has oido hablar de ARA?

(Fuiste a la reunion donde explican el programa ARA?
e Si: ;Podria hablarme sobre de esa reunion? (lo que
hablaron, etc.)
e Si: ;Como te sentiste de la presentacion?
e Si: ;Qué te parecio la presentacion?
e ;silarespuesta es SI: {Usted entendid todo que explico?
,Sentiste que entendiste como funcionaba bien?

;, Cudles crees que son los principales objetivos de ARA? ;Coémo

6 q p P d 6

piensas en esas metas?

e Crees que ARA se propone proteger los bosques? ;Cree que esta
funcionando ahora? ;Como es eso?

e Crees que ARA se propone mejorar la calidad del agua? ;Cree

q prop ) guar

que esta funcionando ahora? ;Como es eso?

(Esta usted un participante en el programa ahora o ha participado en
el programa en el pasado?

Si el entrevistado no es un PARTICIPAN t en el programa o ha Nunca ha participado en el

programa en el pasado, por ejemplo:

Voy a hacerle un par de Répidos acerca de por qué s que no participé en ARA.

50.

Decision to not

participate:

e Didn’t want
to/couldn’t?

e Something in the
contract?

e Feel it would
impact;
land/community?

e Would they join if
it was offered
again?

51.

(Podria decirme sobre por qué decidid no participar en el

programa?

e Esporque no querias?

e Esporque no pude?

e ,Hay algo en el contrato que no lo convencié que no
participar ;Qué? ;Por qué?

e Hay otros factores / consideraciones en los que penso al tomar
su decision sobre ARA?

e ,Sientes que ARA tendra algiin impacto en la tierra / agua?

e ;Cuales fueron tus pensamientos sobre los incentivos que
ofrecieron?

e En su opiniodn, jcree que ARA tendrd algiin impacto en su
comunidad?

e Sila Fundacion Natura Bolivia vuelve a ofrecer el programa
nuevamente en su comunidad, ;consideraria participar en al
programa?

(Como hizo la decision e a participar en ARA?
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Decision to not join —
included
spouse/HH/neighbor/
community?

Importance of spouse
in decision

e ;Hablaste con su pareja sobre esa decision? Que dijo ello/a?

e ;Tomaste esa decision solo? ;Con su pareja? ;Comento la
decision con otros miembros del hogar? ;Comento su
decision con otras personas en su comunidad (miembros que
no son miembros del hogar)?

Seccion 3. Comunidad: Participacion actual en ARA.

A continuacion, me gustaria hacerle algunas Rapidos sobre su comunidad. Para empezar,
Jpodrias decirme primero?

52.

LA quién consideras parte de tu comunidad? / Se relaciona mas con
sus vecinos mas cerca o con toda la comunidad

How is community
defined

e ;Personas que viven en tu pueblo / ciudad?
e ;Otros agricultores en tu pueblo / ciudad?

53.

(Conoces a otros que se han participado en ARA?

Know someone else
who participates in
ARA?

Why did they?

Did anything change
for them?

Did it influence your
participation?

e /Por qué crees que se participo?

e ,Piense que algo cambio en su forma de vida por su
participacion ;Podrias contarme un poco mas sobre de eso?

e ;Influyo eso en tu decision de participar o no? ;Como es eso?

54.

(Conoce a alguien que no participo,
pero deseaba que podria haber participo?

Know someone who
doesn’t participate?

e ;Qué crees que les impidi6 hacerlo?

55.

(Piensa usted que toda la gente en la comunidad tiene la
oportunidad a participar in ARA si quiere?

Do you think everyone
has the same
opportunity to
participate?

Motives?

Thoughts?

e ;Cuadles son algunos de los motivos por los miembros
de la comunidad no pudieron participar? ;Como se sienten al
respecto?

e ;Como te sientes sobre eso? (Es justo o injusto, desde su
perspectiva? ;Por qué?
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56. En general, ;cudles son los efectos de ARA en su comunidad?
Impacts of ARA onthe | e ;Qué beneficios has visto?
community? Benefits? | e ;Qué desafios ha traido ARA a su comunidad?
Challenges? e ;Como te sientes sobre eso? (Es justo o injusto, desde su

Are the changes just?

erspectiva? ;Por qué?
persp b q

57.

(Ha habido alglin problema nuevo en su comunidad desde
que comenzo ARA?

Any new problems in
the community?

Are they b/c of ARA?
How could you resolve
these problems?

[ Sientes que esos problemas se han debido a ARA?
(Puedes decirme mas sobre lo que paso?

(Qué ha hecho la comunidad para resolver los problemas?
(Me puede decir como cree que pueden

resolverse estos problemas?

(Anticipa mas problemas o conflictos en el futuro? Si es asi,
(qué crees que podria pasar? ;Por qué?

58.

(Ha cambiado la relacion entre las personas en su comunidad desde
que comenzd ARA, o ha cambiado la dindmica de la comunidad?

Have relationships
within the community
changed/dynamics?

How do you feel about
these changes? Just/in
just.

[ Sientes que estos cambios se deben a que ARA esté presente en
la comunidad?

¢Podria decirme més sobre los cambios? ;Por qué crees que
ocurrieron estos cambios?

/Como te sientes sobre eso? (Es justo o injusto, desde su
perspectiva? ;Por qué?

59. (Ha cambiado la relacion entre su comunidad y otras comunidades
desde que comenz6 ARA?
Anything changed e ,Podria decirme mas sobre los cambios? ;Por qué crees que

between your
community and other
communities

How do you feel about
that?

ocurrieron estos cambios?
(Como te sientes sobre eso? ¢ Es justo o injusto, desde su
perspectiva? ;Por qué?

Seccion 4. Percepciones sobre el medio ambiente y las ONG.
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60.

(Podria contarme sus experiencias con Natura (la ONG que
administra ARA)?

Personal experiences
with Natura.
Past/Present

e ,;Los conocias antes?
e ;Cuadles fueron tus pensamientos cuando presentaron el
proyecto?

61.

(Podria describir una interaccion y que haya tenido con Natura?

Describe interaction
with Natura

Were they
open/honest/respectful

Has participating in

e ,Qué piensas de esas interacciones?

e Te trataron con respeto?

e Fueron abiertos/honestos al comunicarse con usted?

e Pregunte si el entrevistado fue / es un participante: ;Han
cambiado tus interacciones con Natura desde que te iniciar
programa?

o Pregunte si el entrevistado fue / es un participante: ;Alguien de

ARA changed that Natura ha ido a visitarte a ti ya tu tierra? ;Qué hicieron?
relationship?
62. [ Siente que ha habido algin cambio en los bosques y el agua a su

alrededor, o cambios con la vida silvestre, ya que ARA estaba en su
area?

Been change in forest
or water since ARA
started

What changes have you
noticed?

e ,Sientes que esos cambios estan directamente relacionados con
ARA?

e ;Podrias contarme algunos de esos cambios que has
notado? ;Qué piensas de estos cambios? ;Una cosa buena? ;Un
problema para ti? ;Realmente no me importa?

63. [ Tiene alguna otra idea sobre ARA ahora que desea que
Have any other contarme? ;Alguna otra idea sobre las necesidades de conservacion
comments/ideas de su comunidad?
Conclusion & Thank You

Thank you again for taking the time to talk with us and share your thoughts.
Hand them a copy of the Letter of Information, which includes all your contact
information (if did not hand them this before start interview)

Ask if they have any questions and make sure everything was clear

Remind them everything is confidential

Remind them where to find the results and/or contacts
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o Ask for contact info if they want to be given a summary of the results
e Stop recording
e Thank you again and goodbye

Record any observations, thoughts, feelings and/or reactions about the interview (from
the interviewer’s perspective) if any.
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Appendix B. Data Sovereignty Protocols

A data sovereignty protocol outlines how data produced in collaborative science projects
will be stored, shared, and published (Walter and Suina, 2019). The CARE Principles of data
sovereignty call for Indigenous collective benefit, authority to control data, responsibility and
ethics (Jennings et al., 2023). The objective of this data sovereignty protocol is to clarify how
knowledge co-produced by Wuda Ogwa partners has a clear pathway to benefit and be managed
by NWBSN leadership. Ecological data gathered by USU researchers are managed in
conjunction with BIOWEST, Inc., under the leadership of the NWBSN. Climate model analysis
code is available on the Hydroshare data platform. Landowner interview data are managed by
USU researchers under IRB Protocol #12860, Mobilizing local knowledge of watershed health.
A de-identified summary and analysis of interviews will be provided to Wuda Ogwa project
leadership. Indigenous knowledge is owned and managed by NWBSN and by elders who have
chosen to publish their knowledge. This draft data sovereignty protocol is a work in progress that

will grow and evolve with consultation and discussion with project partners.
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