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Abstract

Forest and wildfire management in the 21 century requires working across jurisdictional
boundaries and with various land management entities. One important group includes
Native American tribes, sovereign nations with unique legal and political standings who
possess deeply rooted, intergenerational knowledge of ecological processes and landscape
dynamics. This research seeks to learn from and engage with existing landscape-scale efforts
where tribes are leading the way in cross-boundary ecosystem collaboration. In this paper,
we synthesize recent field experiences and identify emergent themes from two in-person
engagements related to interorganizational dialogue and tribal co-stewardship, one in
Colorado (2024) and the other in New Mexico (2025). From these gatherings, we found that a
range of definitions exist for co-stewardship, and that shared lessons around Knowledge,
Power, Practice, and Presence — “KP3" — can inform future intertribal collaborations focused
on cross-boundary natural resource management. Knowledge includes developing a shared
understanding of various terms and recognizes that tribes and non-tribal entities often have
different perceptions of the land, as well as how management is implemented and for what
benefits. Power references the two-fold problem of capacity, recognizing that sovereign-to-
sovereign relationships take immense time, energy, and sustained commitment on both
sides. Practice acknowledges systematic ‘growing pains’ and emerging legal, bureaucratic,
and logistical challenges bound up with shifting agency priorities and the legacies of settler
colonialism. Lastly, Presence refers to the long-standing stewardship of tribal nations and the
positive work going on throughout Indian Country. By exploring themes that emerged from
these two in-person engagements, this article aims to share the lessons of KP3 to inform and
strengthen future landscape scale collaborations between federal agencies and Indigenous
communities.

Introduction

Over the past several decades, Native American
tribes have continued to assert their sovereignty and
have played a pivotal role in restoring ecosystems
and socio-cultural practices around culturally
significant species and landscapes. Recent federal
initiatives have strengthened tribal engagement and
emphasized federal trust responsibilities, prioritizing
the inclusion of Indigenous Traditional Ecological

Knowledge (ITEK)' within agency decision-making
and co-stewardship of lands and resources
(Donoghue et al,, 2010; Hoagland, 2017; Murray,
2023). Although significant efforts have been made
— including the signing of over 120 co-stewardship
agreements by the USDA” Forest Service (USFS) in
2023’ — such efforts are still in development, with
few cross-cutting analyses to date.

[1] ITEK, or Indigenous Traditional Ecological Knowledge, is one of several terms used to refer to the collective body of
knowledge, beliefs, and practices adaptively evolved over generations to promote responsible stewardship and healthy relationships

between human beings and their environment.
[2] U.S. Department of Agriculture.

[3] USES Office of Tribal Relations personal communication; 2024 White House Tribal Nations Summit; USDA Annual Report

on Tribal Co-Stewardship https:
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This research, begun in 2023, attempts to engage
this gap, to better understand the challenges and
opportunities of co-stewardship. Here we report
preliminary findings from two in-person gatherings
that included both USFES and tribal collaborators:
the first, a workshop of scientists, managers, and
tribal members held in Colorado in 2024, and the
second, an intertribal gathering held in New Mexico
in early 2025. Through these engagements, explored
by a subset of our co-authors through participant
observation and subsequent team-based reflection,
we identify challenges faced and lessons learned by
tribal communities and allies — those who have been
carrying out the hard work of on-the-ground
environmental  collaboration, sometimes over
decades — with the aim of informing future research
and management efforts around tribal co-
stewardship.

Background

The federal government owns and manages almost
half (47%) of the land area in the 11 contiguous
western states,’ with the majority governed by the
Bureau of Land Management (BLM, part of the
Department of the Interior; 247.3 million acres)
and the USFES (192.9 million acres) (Bui & Sanger-
Katz, 2016; Ruple, 2020). However, these ‘public’
lands only came to be through a history of private
and federal interventions — including the
dispossession and genocide of Indigenous peoples
(White, 1983; Banner, 2005; Wolfe, 2006; Saunt,
2020 Farrell et al., 2021; Martin, 2024). As Mills and
Nie explain, “But for the removal and exclusion of
tribes from large swaths of their traditional
territories, there would be no public lands... Both
physically and legally, Indian tribes have been
removed from the landscapes they occupied since
time immemorial” (2021, 54).

In 1968, the American Indian Movement (AIM) was
founded, followed by then-President Richard
Nixon’s Special Message to the Congress on Indian
Affairs in 1970, expressly rejecting the US.
government’s prior policy of removal and forced
termination of trust obligations in favor of tribally
defined priorities, inherent tribal sovereignty, and
government-to-government relationships -
beginning an era of “self-determination” in Indian
affairs (Nixon, 1970; Mills & Nie, 2021; Stark et al.,
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2022). However, there remained a disconnect
between public lands management and Indian law:
although agencies like the USFS have “considerable
discretion” in their land management decision-
making according to Mills and Nie, agencies
“regularly disassociate their land management
activities from their interactions with tribes,” with
the latter too often viewed as “an additional burden
or only ancillary to their mission” (2021, 54).
Consequently, while environmental restoration
activities and federal decision-making have broad
implications for tribal objectives and values, agency
goals do not always take these into account. Uneven
power dynamics, differences in perspectives or
expectations, and a lack of resources have also
frequently exacerbated tensions within federal-tribal
partnerships, representing areas that might benefit
from more intentional tribal consultation in higher-
level decision-making and resource management
(Dockry, 2018; Smith, 2023).

More than 50 years after Nixon’s message, we are
only now entering a period of rethinking and
engagement around public land law vis-a-vis treaty
and trust responsibilities. Under the Biden
administration, new obligations were communicated
to federal agencies, including Joint Secretarial Order
3403, “Fulfilling the Trust Responsibility to Indian
Tribes in the Stewardship of Federal Lands and
Waters,” as well as memoranda on “Indigenous
Traditional Ecological Knowledge and Federal
Decision Making” (2021), “Guidance for Federal
Departments and Agencies on Indigenous
Knowledge” (2022), and “Implementation of
Guidance for Federal Departments and Agencies on
Indigenous Knowledge” (2022). Within the USFES,
this took form through the Office of Tribal
Relations Action Plan, “Strengthening Tribal
Consultations and Nation-to-Nation Relationships”
(FS-1211, 2023).

Crucially, Indigenous peoples themselves have, in
large part, pushed these discussions and policy
shifts forward, over generations of contestation and
through social movements for self-determination
like AIM. Arguably, recent federal moves around
collaboration would not have occurred without the
mobilizations, discourse, and successes of
Indigenous-led efforts — including the Dakota

[4] Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming;
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Access  Pipeline protests (‘#NoDAPL’) and
movements around ‘H#LandBack’ — a context largely
absent from, yet implicit in, contemporary
discussions of co-stewardship and co-management
(Pieratos et al, 2021; Stark et al, 2022, 445;
Racehorse & Hohag, 2023).

Today, research linking new initiatives to historical
experiences and existing collaborations is limited,
with  various challenges preventing strategic
alighment between tribes and federal agencies. The
intent of this research project is to leverage available
resources to speak to the needs identified by tribal
collaborators ~ while addressing contemporary
knowledge gaps. We aim to learn from and engage
with existing landscape-scale efforts across the
western U.S., where tribes have led the way in cross-
boundary ecosystem restoration.

We are cognizant that doing this work successfully
requires abundant care and time. The history of
extractive research practices and colonial power
relations embedded in land and natural resource
management have produced a range of critiques
and proposed alternative approaches. Community-
based participatory research emphasizes partnership
between researcher and community — in which the
latter are active participants in the processes of
knowledge production and change-making (Minkler
& Wallerstein, 2003) — creating a participatory,
empowering process of co-learning and capacity-
building (Israel et al., 2005; see also Wallerstein &
Duran 2010). Parallels to these insights are also seen
in work on community-based conservation and
natural resource management (Brosius et al., 2005;
Selfa & Endter-Wada, 2008; Dressler et al., 2010;
Kremen & Merenlender, 2018; see also Lake et al.,
2017; Adlam et al., 2022; Ellam Yua, et al. 2022).

From conducting research in the Arctic alongside
Indigenous communities, Ellam Yua, et al. (2022)
have similarly highlighted a participatory framework
of knowledge co-production, emphasizing a
systematic change in how research activities are
conducted toward more equitable, inclusive, and
useful outcomes. Trust and transparency are
essential here, along with acknowledging the history
of colonial power relations, exclusionary and
extractive practices (‘parachute research’) — and past
research failures — as part of a turn toward healing,
bringing about real change and benefit for those

communities involved with research (see also Davis
& Reid, 1999; Mail et al., 2006; Tom-Orme, 2000;
Campbell et al., 2007). The events discussed below
represent responses to these critiques and
recommendations, demonstrating efforts to engage
with and intentionally pursue relationships with
Indigenous  communities —  including  co-
development of what co-stewardship and learning
ought to look like in practice.

Methods

In developing our project, we have kept the research
design intentionally open-ended and non-
prescriptive, with a goal of co-production of
questions, approaches, and outcomes (Ellam Yua et
al., 2022). We approach this work through “two-
eyed seeing” (Bartlett et al., 2012) — a method that
integrates, while holding in tension, Indigenous and
Western knowledges — which requires mutual
respect and a relational attentiveness to place,
history, context, and complexity. We deploy a critical
social science engagement achieved through
transdisciplinary and qualitative research — drawing
on diverse insights from political ecology (Robbins,
2019 [2004]; Martin et al., 2019; Zanotti et al.,
2020), critical physical geography (Lave et al., 2014;
2018), public health, and Indigenous studies, among
other fields — to help tell alternative stories, not
currently captured by agency research and resource
management practices. As highlighted below, a
commitment to co-development — rooted in
dialogue and mutual respect — produces different
questions, integrative approaches, and holistic aims
that can better speak to local priorities (Smith, 2021
[1999]; see also Sayre, 2004; Drury et al, 2011;
Charnley et al., 2017).

In approaching this work, we also seek to critically
and reflexively examine our own collective
positionality (see Boyce et al., 2022; Steen et al,
2024). Our author team, hereafter referred to as the
‘tesearch team, includes two researchers with the
USDA Forest Service; one nonprofit program
director; three research fellows with the Oak Ridge
Institute for Science and Education (ORISE); as
well as two volunteer research assistants (see
Supplemental Information: Author positionality
statements for further detail). We are an equal mix
of settler scholars and tribal members and
descendants, all invested in natural resource
management and elevating Indigenous voices,



bringing to bear our diverse professional
backgrounds, knowledge bases, and lived
experiences.

Beginning in the spring of 2023, individuals within
our research team (JM and SH) were invited by each
event planning group to participate in the two tribal
co-stewardship-related ~ engagements  described
below, one in Colorado and the other in New
Mexico. Participants (JC, JM, SH, MH) took
extensive fieldnotes while in attendance at the two
events — conducting participant observation as part
of a qualitative, case study approach — and crafted
separate reflections for each engagement, which
were then shared and discussed with the entire
research team (Strauss & Corbin, 1990; Flick, 2007;
Patton, 2014; Bernard, 2017). SH and MH
facilitated one of the ‘World Café’-style breakout
discussions at the New Mexico gathering. JM
assisted the organizers of the Colorado gathering
with a post-workshop survey and follow-up
interviews (n=13) with attendees.

It was clear after participating in these gatherings
that a summary weaving the two events together
could advance current dialogues on tribal co-
stewardship. The research team reviewed and
compiled themes that emerged from participants’
fieldnotes and reflections, with a focus on the
processes and practices of collaboration and co-
stewardship. This grounded theory approach
resulted in the themes identified in the Discussion,
with an emphasis on contemporary lessons learned
(Guest et al, 2012). In an attempt to holistically
portray the multi-faceted nature of this research,
findings are presented below through a combination
of research findings, visual components, and
personal reflections from some of the co-authors
on their experience as researchers and tribal
members.

Results

Quaking aspen co-stewardship (Colorado)

In August 2024, the “Climate Smart and Culturally
Sustaining Co-Stewardship of Quaking Aspen”
workshop was held on Ute land at the Rocky
Mountain Biological Laboratory (RMBL) in Gothic,
Colorado.” Organized through the Center for Public
Lands at Western Colorado University by the

[5] https:/ /www.centerforpubliclands.org/cpl/aspen.
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Western Aspen Alliance and other partners, this
two-day workshop focused on quaking aspen
(Populus  tremmuloides) genetics, fire ecology, and co-
stewardship, aiming to deepen understandings and
relationships surrounding this widespread species.
Speakers and attendees — including academic
scientists, agency managers, tribal community
members, nonprofit representatives, and industry
practitioners from across North America — shared,
learned, and worked through the changes and

challenges facing quaking aspen and land
management (Center for Public Lands, 2024
Calabaza, 2025). Prior to the event itself,

participants met in two pre-workshop Zoom
meetings to forge connections and discuss pre-
selected readings (Latulippe & Klenk, 2020, Crouch
et al., 2023; optional: Jacobs et al., 2022; Steen-
Adams et al, 2023) — an exercise in finding
common ground and developing a “shared
vocabulary and vision,” according to one organizer,
for the coming workshop.

Five federally recognized Tribal Nations were
represented — Leech Lake Band of Ojibwe, Pueblo
of Jemez, Ute Mountain Ute Tribe, Jicarilla Apache
Tribe, and Turtle Mountain Band of Chippewa
Indians — along with one Canadian First Nation,
Samson Cree Nation. Several of the authors assisted
in workshop planning and coordination: JC and SH
conducted direct outreach to tribal natural resource
and forestry department staff to encourage
attendance; JM, SH, and EF provided social science
consulting and analysis, including a post-workshop
survey and interviews conducted with participants
(n=13); JM and JC attended on-site, and SH
attended virtually and contributed as an invited
panel speaker.

The workshop opened with a prayer from a Ute
Mountain Ute Tribe member, reminding the
attendees of the critical cultural and historical
context of the lands on which we met as well as the
importance of our relationship to the land itself.
Organizers emphasized goals of building trust and
collaborative relationships, sharing knowledge and
experience around Colorado aspen ecology and
issues, and centering Indigenous voices and
perspectives. The first day consisted of a series of
panels and presentations exploring themes of
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co-stewardship, fire, and aspen genetics in the face
of a changing climate, while the second day was
devoted to field trips in the area that gave
participants first-hand knowledge of some of the
nearby  landscapes and  socio-environmental
challenges related to aspen.

While the workshop emphasized the convergence
of Western science and Indigenous perspectives,
also on display were tensions surrounding such
dialogue. Keith Karnes, Forestry Director for the
Leech Lake Band of Ojibwe, spoke of how in the
past the Tribe would be brought in at the end of the
USES  planning process, rather than at the
beginning. He also shared the Tribe’s frustrations
with being treated like a “special interest,” rather
than a sovereign nation with a trust responsibility
from the federal government. However, the
development of a memorandum of understanding
(MOU) between the Tribe and USFS (2024) has
since shifted practices toward shared decision-
making, opening doors for conversation, change,
and the restoration of traditional practices.” Other
workshop participants discussed how tribes could
be inundated with consultation requests while
struggling with capacity issues; on the agency side,
there was often uncertainty over who to contact
with tribes, particularly when wading into dynamics
that implicated multiple Indigenous communities.
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One notable activity on the first day of the
workshop had attendees split into small groups to
collectively define co-stewardship. The range of
responses (Figure 1) demonstrated the many aspects
and applications of this seemingly straightforward
term.

In assessing the workshop, organizers felt it was
“unevenly effective.” One noted that they had read
a lot on inclusive organizing in planning, and that
“Iwe] did a lot better than we could have.” However,
they also felt that “balls got dropped,” as some had
to step away from organizing — “life happens” — and
planning faced structural challenges, along with
difficulties in achieving greater Native presence in
creation, planning, and facilitation. Another
Indigenous organizer, however, saw it as “TEK in
action,” and felt that planning was “all done in a
respectful way.”

Questions of trust, respect, and historical harms
arose early in the workshop, and while things
remained professional and (mostly) civil, many non-
tribal participants were “surprised by the depth of
feeling expressed,” and “in some cases... not well-
equipped to hear this feedback,” according to one
organizer. This “friction,” to quote another
organizer, “created some disruption in the agenda,”
but insights from Indigenous participants’ (e.g,, their
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Figure 1. Defining co-stewardship. A) Definitions of co—sfeu/ds/ﬂzp created and shared by workshop participants (photo credit Jeff
Martin); B) Word cloud generated from definitions, showing frequency of term use by sige, colors were selected randomly. (Figure

continues on next page.)

[6] https:
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A legal framework for the mutual, equitable, + responsible means to achieve a more healthy, sustainable, and resilient landscape ”

“Eistablishing a sense of community among stakebolders in the entire process of shared decision-making + responsibility”

(Barriers exist, but it is worth it!])”

“Process of bringing together all interested parties to identify common objectives and pathways to work towards desired outcomes.

long term benefits.”

“An alignment of intentions to serve, gnard, + care for the land through sharing information and developing cooperative agreements for

“Collaborative relationships to support the welfare of the land and its inbabitants now and for the future”

concept.”

“We explored models of co-stewardship in Mexico, USA + Canada and problematized power relationships within the stewardship

“Reciprocal intergovernmental and/ or interpersonal relationship-building and decision making in science & management”

resilient landscapes and communities.”

“Co-stewardship is. .. locally adapted and evolving collaborative decision-making grounded in trust, respect, and shared values toward

an ontcome; - place-based”

“Elements of co-stewardship: - long-term continuity in relationships; - wholistic [sic] approach centering co-creation; - shared vision for

Figure 1 (continued). Defining co-stewardship. C) Transcribed text from definitions in A.

“life experience... knowing the processes and local
cultural norms and practices”) were described as
“really valued” and “critical.” Many participants
noted how the conversations at the meeting would
not have been possible in other contexts, and
inspired them to continue their own thinking,
learning, and partnership development in the future.

While perhaps “too ambitious” for two days,
organizers were proud of what was accomplished.
The workshop brought people together, exposing
many to ITEK and co-stewardship for the first
time, through dialogue and “engagling] the

bl

knowledge gap” — an effort that “moves us
forward” and “hopefully set[s] a foundation” for
future work. Clear points of consensus emerged
around the keys to successful co-stewardship
(Figure 2).

Speakers noted that while settler science and
governmental structures are rarely optimized for co-
stewardship, Indigenous and Western knowledge
can be woven together through meaningful
cooperation and collaboration — creating real,
positive outcomes on the ground. However,
dialogue requires that we “realiz[e] we’re gonna have

Keys to successful co-stewardship

 Showing up to ‘the table’
e Valuing multiple perspectives
 Taking time to build real trust

» Working toward real collaboration (rather than just ‘checking off a box’ for Indigenous participation)

Figure 2. Emergent points of consensus
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different people in the room with different forms of
learning,” and thus tailor presentations to the
audience. While presenters made clear that there
remains much work yet to be done, the overall tone
was hopeful and benefited from attendees spending
time together and in place, having the opportunity
to connect more organically through hikes, field
trips, and sharing meals together. The event closed
with a ceremony, as each attendee — with an aspen
branch in hand — offered prayers, thoughts, and
encouragement toward future co-stewardship,
before throwing the branches into the fire (Figure
3), “watching the aspen — and our words — return to
the earth” (Calabaza, 2025, 3).

Figure 3. Scenes from the workshop. A) Participants examine
local aspen during a field trip on day 2; B) Closing ceremony
around the fire (photos credit Benjamin Wong Blonder)

[7] https://www.stewardsofthesouthwest.org/.
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Tribal forestry and fire (New Mexico),

The second annual New Mexico Tribal Forestry and
Fire Summit took place at the Inn of the Mountain
Gods over three days in March 2025, hosted by the
Mescalero Apache Tribe (Figure 4).” Tribal natural
resource managers, non-governmental organizations
(NGOs), federal partners, universities, and state
representatives were in attendance, totaling
approximately 250 people. There were 14
Pueblos/Tribes, 16 NGOs, 3 businesses, 2 utility
service departments, 4 state institutions, 4 academic
institutions and 6 federal agencies (Stewards of the
Southwest, 2025). The event was “designed for and
by Tribal and Indigenous voices and [was| meant to
elevate them as they share[d] authentic experiences,
challenges, needs and successes about working in
the field” (Trees, Water & People, media
communications 2025). JC, one of the authors in
this paper, was the main conference organizer, while
SH and MH attended the meeting in person and
share their reflections below. Notably, one aim of
the summit, including the ‘World Café’-style
facilitated discussion break-out groups discussed
below, was to inform the development of a strategic
plan for the New Mexico Tribal Fire and Forestry
Working Groups next five years, which is
undergoing final approval as of this writing.

Serra:

Attending the NM Tribal Forestry and Fire Summit
was both uplifting and grounding, This gathering
uniquely brought together tribal field staff, program
managers, and partners within the forestry and fire
professions, ~ which  fostered a sense of
empowerment and collective brainpower, combined
with the inherent cultural understanding of our
responsibility to the land. The organizers of the
conference nominated me to be the plenary speaker
for the event. I was very honored by this request,
and I focused my talking points on how tribal

forestry programs can serve as models for
innovation and leaders in natural resource
management, as well as the future of self-

determination with increased autonomy and use of
federal authorities to promote self-governance. I
brought in local examples from my experience, as
well as citations from my recently published,
congressionally mandated report on the status of
tribal forests and forest management (Gordon, et
al., 2023).
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The first day of the event included a presentation
from Doug Neasloss with the Indlgenous
Guardians Network (IGN) in Canada,” where
decades ago their First Nations decided to stop
waiting for government funding and began training
their own people to become watchmen of the
resources, who, via federal-tribal collaborations,
eventually became certified enforcement officers to
take over this formerly federal function. Their chiefs
wrote the declaration where the watchmen are
provided the delegated authority, and continue to
experience 100% compliance.

The second half of the opening day was spent in 15
‘World Café’-style roundtable discussions focusing
on topics identified from past survey efforts, where
participants decided which topic to join. SH and
MH facilitated the conversation around tools,
technology, and equipment (TTE). Other topics
included: wildlife management, intertribal
collaboration, fire program development, TEK,
community engagement, watershed management,
etc. The conversations would be summarized by
facilitators and incorporated into a first draft of the
Strategic Plan for the New Mexico Tribal
Forestry and Fire Working Group NMTFFWG).

[8] Additional images available online at: https:

Nearly 20 participants came to our roundtable and
discussed four topics within TTE: heavy
equipment/automated monitoring systems,
personnel, new technology, and programs/software.

Alongside the notes from this initiative, my all-caps
sideline displays “CREATIVE NATIVES” — and a
quote from Doug Neasloss stating, “We all have
stewardship responsibilities, this is the common
ground.” This novel approach, grounded in
Indigenous peoples’ connection to their lands,
serves as a model for tribes across the United States
to adapt to their contemporary needs. The IGN
watchmen provided audience members with
countless ideas and re-energized our work. I felt an
enormous amount of pride in seeing Indigenous
people directly protecting their resources. I then
asked myself: how do we learn from our relatives to
the north?

Personally, the most meaningful component of the
summit was listening to the tribal leaders’ panel.
Four Native leaders (Figure 5) shared stories of
innovation, community wellbeing, and economic
development interwoven with ancient and
contemporary lessons around resilience. Their

www.stewardsofthesouthwest.ore/photos-2025.

[9] https://www.rng-nen.ca/.
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Figure 5. Tribal leaders panel at the New Mexico Tribal Forestry and Fire Summit.

Indigenons leaders shared the lessons learned and challenges they encountered in their respective
Journey. (photo credit Zoe Bashkin with Trees, Water and People).

words captivated the audience and felt like moments
of deep prayer for the health of Indigenous people
and the sacred resources we manage. Sharing space
with Indigenous professionals at this summit felt as
powerful as going home for ceremony and left the
audience with a greater sense of responsibility for
striving to be the best stewards of our traditional
homelands. This shared responsibility can be our
beacon — when we collaborate, good outcomes will
follow.

Mary:

Life seems chaotic, but at the 2nd Annual New
Mexico Tribal Forestry and Fire Summit, there
seemed to be calm in this atmosphere. In the room
were folks from all different backgrounds, gathered
for the same purpose: to support, uplift, and share
experiences and knowledge among tribes within the
Southwest and beyond. This summit focused on
forestry and fire; fire gives us a sense of renewal
and balance, and forestry is the connection and
kinship that we need the most right now. As we sat
there, we bore witness to tribal nations showcasing
and solidifying their role as leaders in fire
management and environmental stewardship.

A few themes that emerged during the roundtable
discussion included how tribes are creatively
thinking about funding, adding an inclusive
workforce to predominately non-Native careers, and
reaffirming that tribes are sovereign, each carrying

14

generations of knowledge through ITEK. Over the
recent years, non-Natives have realized the
importance of restoring fire to the landscape as an
ecological necessity and a cultural imperative to
many tribes. This summit brought to light some
strategies to increase Indigenous representation and
perspectives, which will be showcased, studied, and
implemented by the NMTFFWG.

Although the summit focused on the Southwest,
individuals  from the Indigenous Guardians
Network (IGN) were invited from Canada to
showcase their Coastal Guardian Watchmen
Program. This Indigenous-led program has gained
British Columbia authority to enforce wildlife
regulations, monitor cultural sites, and provide
critical training to their tribal members. The success
of the Coastal Guardian Watchmen Program can
also inspire other tribes to think outside the box by
diversifying funding and investment sources within
their own networks.

Indigenous knowledge has been exploited in the
past, and must be respected moving forward. To
strengthen data sovereignty, the Coastal Guardian
Watchmen Program created the Coastal Tracker to
allow Indigenous communities to record wildlife
sightings, monitor illegal activities, and secure their
environmental data within their own data
jurisdiction.



Having never attended an event or conference like
this before, it is clear that this room full of change-
makers has a deep understanding of the holistic
approach to conservation, ranging from fire
management to medicinal plant preservation, all
while thinking of landscape-scale restoration. When
Western scientists advocate for the return of fire to
the landscape, we must see this as synonymous with
and validating the restoration of Indigenous
leadership in land management. Future generations
will thrive in an environment where forestry and fire
have strengthened economic resilience and
ecological sustainability, all of which were discussed
at this summit. In events like this, we are reminded
that the most important takeaway is that true
partnerships are the pathway forward. Indigenous
stewardship is more than just forestry and fire
management; it entails upholding sovereignty,
preserving cultural practices, and ensuring the
passage of generational knowledge.

Discussion

The two in-person gatherings described above
differed in size, organization, goals, and outcomes.
However, similar themes and questions emerged
from both, in turn mirroring discourse our author
team has encountered elsewhere working with
Indigenous communities. In this next section, we
synthesize some of the takeaways from these
events, connecting them with themes that have
emerged out of conversations with researchers,
managers, and tribal partners over the past several
years. We focus here on lessons learned and points
of tension in the practice of collaboration and co-
stewardship. By organizing these themes into four
broad categories, developed using a grounded
theory approach (Guest et al., 2012), we hope to
demonstrate commonalities across varying efforts
to advance cooperative land management and
elevate the voices of Indigenous communities at the
frontlines of environmental stewardship (Figure 6).

1. Knowledge: shared understandings

At both events — and in discussions with partners
on collaboration between federal agencies and tribes
— it is often noted that we are zalking past each other,
with “divergent definitions, interpretations, and
applications” of terms like co-management and co-
stewardship (Mills & Nie, 2021, 183). Such terms
are not defined in law (Murray, 2023) and may be
applied differently between agencies as well as over
time and space. One organizer of the aspen
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Figure 6. Emergent themes from work on tribal co-stewardship.

workshop explained how they saw co-management
as “more table-based discussion... [a] due diligence
process” of decision-making, while co-stewardship
was more “boots-on-the-ground implementation”
with “more community involvement, community
engagement.” However, they also noted that earlier
uses of co-stewardship had largely referenced tribal-
tribal relationships and building coalitions, while
more recent usage emphasized the tribal-federal
government  relationship. These differing
interpretations highlight the value of exploring ideas
collectively and building toward common, working
definitions for the context and communities in
question (Figure 1).

As term use varies between organizations, so too do
approaches to land management. As one of the
aspen workshop organizers noted, there are
sometimes discussions, including within agencies, of
“using” ITEK separate from people. In contrast, an
Indigenous way of thinking stresses the
inseparability of people, knowledge, and the land
(Bartlett et al., 2012; Teves etal., 2015; Larsen &
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Johnson, 2017). However, not all Indigenous
communities view ITEK and working with
government agencies in the same light — particularly
given differing histories, geographies, and disparities
in legal status — resulting in complex relationships
and the need for a co-defined approach to this
work.

We continue to feel the legacies of erasure, as non-
tribal staff working with tribes often lack basic
cultural competency. However, it is unclear who
should be tasked with training personnel in ITEK
and cultural competencies, and whether needed
resources are available.  Expecting  Native
communities to instruct non-Natives in how to
respect and work with them is an additional burden
placed upon already limited capacities, often without
clear compensation. At the same time,
collaborations between those versed in Indigenous
ways of knowing and those trained within a
Western framework can be difficult without
unpacking the norms and universalist assumptions
implicit in Burocentric ways of knowing (Stein et
al., 2024). For example, co-stewardship/co-
management often runs up against Western norms
of privatized land ownership as well as jurisdictional
contradictions. Indigenous peoples often describe
the land as sentient and sacred, and their
relationship with it as reciprocal and regenerative,
sustained by mutual care and stewardship of the
land and/as community (Whyte, 2018; Grand
Canyon Trust, 2021).

When it comes to “natural resources” and their
management — terms that are primarily propounded
by federal land management agencies and rooted in
settler colonial notions of ecological domination —
Western ways of knowing are often unable to
contend with the relational, multi-generational,
place-based traditions of ITEK. As Dockry, et al.
explain, “Different perceptions and definitions of
natural resources can create conflict when building
partnerships with tribes, according to participants...
sometimes agency perspectives reduce natural
resources to recreation Of €CONOMIC fESOUrces
whereas tribal perspectives often recognize the same
biophysical resources more broadly and as being
intimately connected to tribal cultural identity”
(2018, 130).

This connection to cultural identity is further linked
with challenges surrounding ITEK and data
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sovereignty, in which data is not viewed in the same
way by tribes as in Western research methods.
Certain knowledge surrounding ITEK and cultural
sites is viewed as sacred and only shared internally
as a means of protection and preservation (Carroll
et al., 2020; Latulippe & Klenk, 2020; Tribal Legal
Development Clinic, 2020; Steen et al, 2024
Ravindran, 2024). Indeed, to quote the USES Tribal
Cultural and Heritage Cooperation Authority
Technical Guide, “the original holders of sensitive
information may be the best holder of that
information, sharing only with the Forest Service on
an as-needed basis” (USFS, 2019, 23). This contrasts
with a Western approach that often sees data as
alienable from the communities and context of its
production.

All of this is to say that the often-invoked
“braiding” of Indigenous and Western knowledges
(e.g, Kimmerer, 2013) is ecasier said than done,
especially given durable power imbalances and
absent dedicated training of agency staff and
Western scientists (Hickman et al., 2023). This raises
questions of whether such braiding — engaging in
meaningful dialogue and collaboration — is indeed
possible absent equal footing, full recognition, and
respect, i.e., a serious engagement with questions of
power.

2. Power: capacity challenges

Many tribes struggle with capacity issues, including
workforce, housing, and other challenges. These
questions are deeply rooted, inseparable from
histories of colonialism, dispossession, and ongoing
marginalization (White, 1983; Williams, 2025).
Capacity challenges can create hurdles to
engagement and participation — getting people “to
the table” — as seen in both cases above. Organizers
for the Colorado workshop noted the challenge of
getting communication back from tribal nations
despite “lots of outreach” over a period of months;
however, one organizer also noted that those who
responded were very receptive and thankful to be
invited. The New Mexico conference had only 80%
of anticipated numbers due to budget constraints
and travel restrictions for staff with the Bureau of
Indian Affairs (BIA) and other federal agencies.

Tribal staff often find requests for engagement —
from universities, agencies, NGOs, etc. -—
overwhelming, burdensome, and not fitting within
tribal priorities given limited capacity and time.



Indigenous community leaders may face unique

obstacles to  participation  stemming from
conflicting  responsibilities,  e.g,  ceremonial
obligations and pursuit of higher education

(Gervais et al., 2017). On the agency side, budget
cuts and staff turnover often hinder the ability to
move forward on and achieve stated aims, including
around collaboration with partners. For agencies
and researchers tasked with or wanting to work with
tribes, this can create bottlenecks that complicate
access to tribal authortities for consent, collaboration
on research, and other goals aimed at the co-
production of knowledge. Importantly, however, as
many informants noted, a lack of tribal response is
not consent to advance with research (United
Nations General Assembly, 2007; Gross, et al,
2021).

Co-production takes time and trust-building, with
iterative and ongoing engagement, which may not
fit with the timelines and structural pressures of
agencies or academia (Ellam Yua et al., 2022; Steen
et al., 2024.). Those who successfully engage in co-
production do so because of a commitment to the
value of this work, yet addressing structural
challenges would facilitate the expansion and greater
effectiveness of these efforts. This raises questions
around how government agencies might serve as
better community partners, perhaps by providing
resources to help alleviate these issues (e.g, lending
equipment, providing training, covering travel costs,
etc.).

3. Practice: growing pains

In navigating collaborations with tribes, we see
needs for both cultural shifts and higher-level
guidance on the emerging legal and logistical
challenges. Non-tribal entities and agency scientists
are often trained and evaluated based on Western
norms and metrics (ie., the number of peer
reviewed citations), which do not always align with
Indigenous values and lifeways. Yet as one of the
aspen workshop organizers noted, it is “hard to
assess the value of these kinds of projects” — the
gatherings, like those described here, that do so
much to build mutual trust and understanding —
within a settler colonial framework. These
challenges, as noted above, are inextricable from
questions of power and the relationship between
tribes as sovereign nations and the federal
government. Unresolved questions of decision-
making authority persist — including lingering
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paternalistic dynamics among individuals and those
codified in rules and regulations (Williams, 2025).

As one USEFS employee noted after the aspen
workshop, if we really want to pursue co-
stewardship and promote tribal involvement, we
need to arrange more tribally led meetings, where
agencies and Western scientists are #of the majority
or setting the agenda. Another workshop participant
agreed: “I would really just love for...all of these
agencies to like, have a seat, and... listen to some
Native folks.” As we have seen recently, however,
federal promises can be unreliable amid shifts in
administration and agency priorities (Williams,
2025). Despite efforts to center Native voices, the
federal government has historically retained the final
say, with few processes available for holding the
government accountable to include tribes in land
management decision-making;

Other challenges for agencies and managers
working with tribes are bound up with bureaucratic
hurdles around transferring resources to tribes and
tribal members. For example, Joint Venture
Agreements — one of the main vehicles for USFS
scientists conducting research with tribes — once
required a 20% match of funds, a major hurdle for
capacity-limited Indigenous communities. It was
only in 2022 that the then-USFS Chief issued an
interim policy direction waiving this policy match
requirement. At the level of individuals, there are
additional logistical challenges around compensating
tribal elders or practitioners for their contributions
to research projects, as federal procurement and

contracting requirements are frequently
burdensome for less privileged, economically
secure, and/or rural community —members

(Korostelina & Barrett 2023; Fenner et al., 2024).

Additional questions surround data sharing and
sovereignty, in which rules and regulations may
stand in the way of fulfilling tribal goals around
ethical research practices and data management.
These are multi-layered challenges, and navigating
them takes time, capacity, and legal savvy often not
available either to tribes or individual scientists. It is
not always clear what the legal standing of tribes or
researchers is around these claims, challenges which
are further complicated when working with non-
federally recognized tribal communities. Some tribes
assert claims to historical information available in
previously published sources. Other times, tribal
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claims may stand in tension with other legal
requirements on government employees (e.g., the
Freedom of Information Act, or FOIA). We have
heard expressed by both tribal partners and
researchers the need for legal counsel in navigating
these questions — although tribal law can be
complicated and at times contradictory given the
history of colonialism, trust responsibilities, and
government-to-government relationships.

4. Presence: consistency and hope

Despite these challenges, the gatherings described
above — and the fact that we are discussing these
themes at all — demonstrate the continued resilience
of Indigenous communities and their relationship
with these landscapes. In the face of historical and
ongoing dispossession and marginalization, tribal
nations are “still here” (Iverson & Davies, 2014),
fighting for dignity, sovereignty, access, and a place
at the table where decisions are made regarding the
lands to which they are inseparably connected
(Larsen & Johnson, 2017; Simpson, 2017).

As Ron Skates, one of the contributors to Wildlife
Stewardship on Tribal Lands, points out, “The politics
change so often, it’s sometimes very difficult to
keep any continuity going” (Hoagland & Albert,
2023, 29). Amid shifting agency priorities, available
resources, and changes in administration however,
Indigenous communities remain and sustain ties to
place, holding onto local knowledge and the
historical memory crucial for effective land and
forest management in the future. Tribes thus can
serve as a stewardship “anchor” or “stronghold”
(Corrao and Andringa 2017; Jacobson et al. 2021),
maintaining  continuity amid dynamic social,
political, and environmental change. As Steve
Andringa, former Yakama forest manager and
Intertribal Timber Council board member, put it,
“They are here to stay.” Events like those described
above provide a basis for collaboration, for bringing
together Western sciences and ITEK (Calabaza,
2025, 2) — one grounded in ongoing Indigenous
presence in place, providing a sense of hope and
resilience amid the challenging circumstances of our
time.

Conclusion

“There is power through wunity as stewards of the
land” -James Calabaza, New Mexico Tribal
Forestry and Fire Summit, 2025
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We see this research as an opportunity to use our
positionality as a coordinated, multi-generational
research team of Indigenous and settler scholars, to
turn a critical eye onto contemporary practices and
realities on the ground. We humbly aim to
contribute to a reconciliation of the USFS’s history,
culture, and authority with more recent agency goals
— of expanding tribal partnerships and developing
comprehensive co-stewardship guidance — toward
the fulfillment of federal trust responsibilities to
Native sovereign nations, and the common goal of
improved management of public lands (all formerly
Indigenous lands) and the natural resources we
share for generations to come.

Our hope, with this snapshot and critical synthesis
of two recent efforts at collaboration and tribal co-
stewardship, is to contribute what we can to the
efforts of our current moment — a period of flux at
the federal level and activity driven largely by
Indigenous people themselves — and to help reveal
opportunities for substantive, meaningful change,
toward reconciliation and justice (Mills & Nie, 2021,
182). As one organizer noted, these meetings and
dialogues are “where all the uncomfortable things
happen, but also [where] the progress happens.” We
acknowledge and highlight here the many challenges
to tribal co-stewardship in practice: power
inequalities,  ontological  divides, entrenched
opposition, and shifting policy priorities. We hope
that this work highlights some of the continuity that
is there, as well as the wvalue of dedicated
collaboration and its potential to uplift and
empower those who take part. Many challenges and
open questions remain, presenting openings for
tuture research: how can federal agencies and academic
researchers better respect Indigenous knowledge systems and
data?; how do such efforts play out differently in different
contexts, and what can we learn while attending to the
sensitivity of ITEK?Z; how do we recognize, respect, and
reconcile tribal sovereignty with federal management?; and
how do we invest in the collaboration and trust-building
necessary to truly build co-stewardship? This includes
opportunities for researchers and managers to bring
these insights into the practice of organizing future
gatherings like those studied here, to learn the
lessons and not make the same mistakes next time.

Following Latulippe and Klenk (2020), we hope that
our work — here and in the future — is ultimately
part of a process to “make room and move over,” to
step aside and facilitate the work of Indigenous



people in continuing to push discourse and practice
forward. For now, we are proud of the role our
team has played in providing material support for
young Indigenous scholars and the communities of
which we are a part, as we collectively implement
our values in practice and contribute in some small
way to positive change.
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Jeff Vance Martin (Settler scholar), Research Social
Scientist, USDA Forest Service, Pacific Southwest
Research Station

I was born in San Francisco, California and raised in the
Bay Area, the lands of the Ohlone people. My family of
mixed European descent have lived in the Western states
(California, Arizona, Idaho) for several generations, and 1
was raised with a love for these landscapes and the
diverse cultures and species we share them with. In high
school, I helped found our school’s environmental club,
from which I made the jump to social and environmental
justice activism and organizing. I pursued higher
education at the University of California, Berkeley and
the University of Manchester, where I was trained as a
geographer, gaining a greater appreciation for the
complexity and cross-disciplinary nature of the questions
of our time. In my work I try to play a bridging and
translating role — between disciplines, and between
science, policymakers, and diverse publics — to help
identify barriers to and openings for transformation, to
contribute what I can toward building more just and
sustainable futures.

Serra J. Hoagland (Pueblo of Laguna, POL), National
Program lead, Tribal Research, U.S.D.A. Forest Setvice,
Washington Office

I was born and raised off my reservation in a rural town
in Northern California, but my mother was active in the
Indian Education programs during my childhood. The
emphasis on education during my formative years,
combined with my interest in ecology, led to my
academic pursuits — where I eventually earned a PhD in
Forestry from Northern Arizona University, an
institution where my maternal grandmother (Elaine
Paisano/Hamilton PoL) earned her bachelot’s degtee in
the late 1940’s. I learned to hunt as an adult on my
reservation because I believed it would enhance my skills
as a wildlife biologist and allow me to build a connection
with our lands on an intimate level through countless
hours in the field. Today as a professional, I gravitate
towards serving natural resource management needs of
tribes with a particular focus on tribes in the southwest.

Fellow, USDA Forest Service, Pacific Southwest
Research Station / Oak Ridge Institute for Science and
Education

I was born and raised in Oklahoma, off my tribe’s
reservation, which is located on the US-Mexico border in
Arizona. I was raised near Oklahoma City by a single
mother where I joined the Army shortly after high
school, and I moved back to Anadarko briefly to be near
my family after my mother passed away. I spent 10 years
in the Army; I earned my Bachelor of Science in
Environmental Science while I was active duty in South
Korea, and I earned my Master of Science in
Environmental Policy and Management while I was
deployed to Kuwait/Iraq. Shortly before starting this
fellowship, I earned a Bachelor of Arts in Ethnic Studies.
I would not be here today if it weren’t for Deborah K.
Hiney, my mother, George F. Hiney, my uncle, and
Aspen S. Adams, my daughter.
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Sidney Paulina Williams, Research Fellow, USDA

Isabella Oechlerich  (Settler scholar),  Research

Forest Service, Pacific Southwest Research Station / Oak

Volunteer, USDA Forest Service, Pacific Southwest

Ridge Institute for Science and Education

I was born and raised on the east coast of the US, a child
of Korean and Colombian immigrants. A large part of my
childhood was spent on the Western slope of Colorado,
where I learned the value of place-based connections and
land-based literacy, and have since pursued both an
education and professional career that attempts to
reconcile my deep-rooted affection for nature with my
perpetual sense of displacement. Throughout my studies
and personal experiences, I've found solace and
inspiration in spaces that value alternative systems of
knowledge (such as TEK), that emphasize our
interconnectedness with nature, and that center
decolonial environmental stewardship. By engaging in
research related to tribal co-stewardship I hope to deepen
my understanding and appreciation for the Indigenous
communities who have stewarded these lands since time
immemorial, and participate in self-reflective research
within this dynamic field.

Morino M. Baca, Cultural Case Manager, Native CORE;
Bear Bones Tab, UC Berkeley; Research Fellow, USDA
Forest Service, Pacific Southwest Research Station / Oak
Ridge Institute for Science and Education

I identify as a mixed-race individual of Native American
descent who has had the pr1v1lege of pursuing higher
education and attaining a master’s degree in Public
Health, as the first in my family to pursue a college
education. As a father, husband, son, brother, uncle,
nephew, grandson, and male role model for my
community, I understand that 1 represent a patriarchal
viewpoint and that my perspective is limited in this way. I
aim to engage in research through a lens of similar lived
experience that allows me to attain a greater connection
and understanding of not only what we are researching,
but more importantly with whom we are engaging in this
research.

Emily Franco, Research Volunteer, USDA Forest
Service, Pacific Southwest Research Station
1 was born and raised in a family of mixed European
descent in Milwaukee, Wisconsin, at the confluence of
three rivers and Lake th}ngan a historic gathering place
and home for many tribes including the Potawatomi,
Ojibwe, Oneida, and Sauk peoples. I have been fortunate
to pursue higher education at Boston University,
University of Minnesota, University of Wyoming, and
University of Wisconsin-La Crosse, where I have received
training and conducted research in the areas of political
science, law, natural sciences education, and recreation
management. I have spent the last several years living and
working on federally held public lands in the western U.S,,
and I am hopeful about a more just future for land
management, restoring Indigenous voices and ITEK to
the process.
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Research Station

I was born and raised on Lenape land in southeastern
Pennsylvania. My father immigrated to the US from
Germany in the 1980s, and my mother is a third-
generation Italian-American. I was raised to respect and
admire the natural world and developed a strong desire
to protect it from a young age. In 2023, I earned my MS
in Environmental Science and Policy from Clark
University. 1 focused my studies primarily on
environmental justice, and intend to dedicate my career
to supporting and amplifying Indigenous land
sovereignty efforts across North America and beyond.

James Calabaza (Santo Domingo Pueblo), Indigenous

Lands Program Director, Trees, Water & People

1 was born in Santa Fe, New Mexico and raised within
the community of Santo Domingo Pueblo, New Mexico.
My family raised me to be an active steward of the land
through traditional practices of farming, community land
stewardship, and participation in community ceremonies
and traditions. Through these avenues, I earned valuable
knowledge of wvaluing interconnectedness, honoring
tribal processes, and valuing life as one ecosystem. As a
first-generation college graduate, I was able to obtain a
western-based  education  degree in  Agricultural
Economics and Business from Colorado State
University. I use my combined wisdom to elevate
Traditional Ecological Knowledge into land-management
planning and curate cross-collaborative relationships
based on trust and reciprocity. I have spent the last six
years working with a non-governmental organization that
prioritizes tribally led land management initiatives and
preservation of cultural heritage.
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	A NOTE FROM OUR EXECUTIVE DIRECTOR
	Han Mitakuye – Hello my relatives.
	Research has not always been positive for native people. There is a long and unfortunate history of non-Indians setting the agenda for research priorities, methods and publication for Tribes and even worse, native people unknowingly being used as research subjects. The continued lack of respect for traditional ecological knowledge as valid science and lack of indigenous representation in literature further aggravates the divide.
	NAFWS has long known there is a vast amount of research happening in Indian Country, despite its absence from scientific journals. We heard from our membership and Tribal professionals of the barriers and need for Tribal centered parameters to publishing. In 2021 NAFWS Board of Directors established the Research and Publications Committee (RPC). The purpose was to support Tribal fish and wildlife professionals as they plan, conduct, and share research. The RPC provides guidance on best practices, Tribal data sovereignty, funding and publishing opportunities, professional growth and working effectively with academic partners. In March 2024, the RPC developed and released the NAFWS Tribal Research Guide.
	It has always been a personal vision of mine to develop a journal of Native American Fish and Wildlife or a peer reviewed publication to showcase the work Tribal fish and wildlife professionals are doing. NAFWS also wants to see a paradigm shift, where the criterion for publishing matches the cultural and traditional ways of indigenous people. For example, we see authorship based on knowledge, where a Tribal elder’s wisdom is viewed in line with doctorate scientists. Where the thousands of years of practice is considered equivalent to peer reviewed. Where peers are people with lived experience as well as academic.
	From the Field – Elevating Indigenous Voices helps to fill a knowledge gap in scientific research and publication. This peer reviewed publication showcases conservation work in Indian Country. The scientific rigor of western science is coupled with an understanding and respect for traditional ecological knowledge. Anyone working in Indian Country can submit for publication. This publication is not just for Tribes. It is for anyone with an interest in conservation with a commitment to raise awareness of conservation work. It
	serves NAFWS mission of assisting Native American and Alaska Native Tribes with the conservation, protection and enhancement of their fish and wildlife resources.
	We hope you enjoy reading this publication as much as we did  creating it.
	Pilamaye ye, Julie Thorstenson, PhD

	LETTER FROM THE EDITOR
	It is with deep gratitude that I welcome you to the inaugural issue of From the Field – Elevating Indigenous Voices. This publication exists thanks to the many people who shared their time, expertise, and care to help bring it to life.
	First and foremost, thank you to the authors who entrusted us with your work. Sharing stories, data, perspectives, and experiences connected to the world around you, particularly within Tribal contexts, is not a small act. Your willingness to contribute your knowledge, follow Tribal protocols, and engage thoughtfully in this process is the foundation of this journal. This publication is stronger because of the numerous voices, regions, disciplines, and backgrounds represented in these pages.
	I also extend sincere appreciation to the peer reviewers. Your careful reading, constructive feedback, and respect for both scientific rigor and Indigenous ways of knowing helped shape each article into its final form. This inaugural issue reflects thoughtfulness and integrity that you brought to the review process, often going above and beyond to ensure feedback was supportive and grounded in real-world stewardship.
	This journal would not exist without the vision and leadership of the Research and Publications Committee. Thank you to each committee member for helping imagine what a Tribal-centered publication could be, for developing guidance and processes from the ground up, and for staying engaged through countless drafts, discussions, and decisions. Your commitment to ethical research practices and respectful publication has shaped not only this issue, but the foundation for future ones.
	I am deeply grateful to NAFWS leadership and staff for their support throughout this process. From early conversation about the desire for this publication, to logistical coordination, outreach, editing, and design, your encouragement and behind-the-scenes work made it possible to move this from an idea to a final publication. Thank you for believing in the value of sharing Tribal voices in this way.
	Finally, thank you to the broader Tribal fish, wildlife, plant, and habitat community. Your work and stewardship are the reason From the Field exists. This publication is intended to serve you, to reflect your priorities, honor your knowledge, and support the sharing of work happening on the ground and in communities across Indian Country,
	As Editor in Chief, it has been an honor to help steward this first issue. I hope you see yourselves reflected in these pages and feel encouraged to engage with this journal in the years to come, as readers, authors, reviewers, and contributors. This is your journal, and its future will be shaped by the people it serves.
	With gratitude, Hannah Golden
	Julie Thorstenson, Ph.D., Executive Director, NAFWS
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	GET INVOLVED: SUBMIT TO FROM THE FIELD

	Introduction to the inaugural issue of From the Field - Elevating Indigenous Voices
	Prepared by the NAFWS Research & Publications Committee   Contributors: Hannah Golden (NAFWS); Wendy S. Gordon (Ecologia Consulting); Paige M. Schmidt (InterTribal Buffalo Council); Caleb Hickman (Eastern Band of Cherokee Indians); Steve Albert (The Institute for Bird Populations); Serra J. Hoagland (USDA Forest Service)
	Introduction   The Native American Fish & Wildlife Society presents the inaugural issue of From the Field: Elevating Indigenous Voices, an annual publication dedicated to sharing Tribally-led and Tribally-engaged work in which Tribal governments, programs, and recognized representatives play a central role in stewarding fish, wildlife, plants, and their habitats. This publication centers Indigenous scholars and practitioners and the depth of expertise they bring to natural resource management. This inaugural issue features eleven articles authored by Tribal professionals and collaborators working with Tribal programs.
	Tribal Nations steward approximately 140 million acres of land and water, far exceeding the 85 million acres managed by the National Park Service and comparable to the 152-million-acre terrestrial land base of the National Wildlife Refuge System. This stewardship reflects responsibilities to plants, animals, and their habitats that extend back generations. Tribal natural resource programs often operate with a breadth and complexity comparable to state agencies in their diversity, institutional structure, and regulatory scope (Thorstenson 2023).
	Tribes implement monitoring, restoration, research, and management efforts that reflect long-standing systems of stewardship and innovation (Thorstenson 2023; Hoagland et al. 2017). Indigenous knowledge systems offer rigorous, place-based ecological understanding that continues to inform and strengthen conventional scientific approaches to habitat management and conservation (Berkes 2018; Kimmerer 2013).
	Academic and federal publishing processes have not always aligned with Tribal governance, review timelines, or data sovereignty frameworks, shaping how research involving Tribal lands and communities is conducted and shared. In response, Tribal Nations have established research review processes, data governance frameworks, and community consent protocols that center Tribal authority, cultural governance structures, and community priorities. These frameworks guide how research is conducted, how data are managed, and how knowledge is shared, ensuring that knowledge production aligns with Tribal priorities, cultural protocols, and community values.
	From the Field is a Tribally-focused publication governed by an intertribal organization and created  within  this  context  to  support  the  continued  sharing  of  the stewardship and

	knowledge generation of Tribal Nations. This annual publication provides a platform for Tribes to share applied research, management experience, community-based monitoring, and place-based knowledge using multiple article formats. While partners may contribute, Tribal leadership and authorship remain central. Priority is given to manuscripts originating from Tribal programs or collaborative efforts that are accountable to Tribally-defined stewardship priorities.
	From the Field recognizes that Tribal sovereignty includes authority over research, data, and publication decisions (Kukutai & Taylor 2016; Carroll et al. 2020; Hickman et al. 2023). Submissions reflect Tribal priorities for authorship and appropriate protocols when Tribal lands, data, or knowledge are involved. This publication affirms that Tribal governments and programs are not merely research sites or case examples, but are knowledge holders, decision-makers, and primary authors reporting on the stewardship and study of Tribal lands and waters.
	Process  The Native American Fish and Wildlife Society’s Research & Publications Committee (RPC) was established to support Tribal fish, wildlife, plant, and habitat professionals in their efforts to aid one another and the natural world.  The RPC’s role is to ensure that submissions align with Tribal research ethics, data-sovereignty principles, and community consent protocols.
	Submission guidelines highlight the importance of publishing work that incorporates Indigenous knowledge and methods, as well as applied management approaches and emerging technologies. Accordingly, we seek work that demonstrates clarity, accountability, and coherence within the knowledge system from which it emerges.
	Ethical Guidelines and Author Responsibilities  Authors of articles must adhere to these four core ethical guidelines:
	By submitting a manuscript to From the Field, authors affirm they have obtained all necessary permissions and approvals, including but not limited to Tribal council consent, ethical permits, and compliance with relevant laws and regulations.
	Research involving animals must comply with relevant ethical guidelines and legislation.
	Research involving human subjects must align with Institutional Review Boards (IRB).
	Authors are required to disclose any use of artificial intelligence (AI) in the creation, research, or editing of their manuscript. This ensures transparency and integrity in the submitted work.
	The editorial team recognizes that interdisciplinary research can unintentionally privilege certain epistemologies. Previous authors have examined these challenges in detail (Miller et al. 2008; Tengö et al. 2014; Reo et al. 2017; Hickman et al. 2023).
	While it is not within the scope of the editorial team to independently verify that the aforementioned publication requirements are met, adherence to these standards is expected for all submissions. Manuscripts that do not meet these requirements will not be published in From the Field. Publication priority is given to manuscripts that originate from Tribal programs, Tribal governance contexts, or collaborative efforts that are demonstrably accountable to Tribally-defined priorities and outcomes.
	We provide guidance on how to properly recognize non-authors such as Tribal council members, cultural staff or other technical specialists who assisted with research, data management, and related support roles but may not have contributed to the writing process. The RPC encourages early and transparent discussion among collaborators regarding authorship order, decision-making authority, and data generated through the work.  This reflects a growing standard within Tribal natural resource scholarship that collaboration includes equitable distribution of credit, authority, and responsibility.
	We also provide specific text within the ethical considerations of the author submission guidelines on cultural sensitivity by requiring authors to:
	Obtain explicit consent from Tribal authorities before including any sensitive cultural information, and
	Acknowledge any contributions related to cultural or traditional knowledge and ensure proper credit is given to the respective communities.
	Finally, the RPC believes it is important to provide open access and encourage transparency in research while still respecting Tribal data sovereignty. This balance will continue to evolve through collaboration and engagement with the Tribal communities the publication serves.
	Review and Publication Process  For the inaugural issue of From the Field, we released the call for papers at the Native American Fish & Wildlife Society national and regional meetings and other large intertribal gatherings. The RPC assisted authors by providing a simple platform for submission and offered peer review guidance to support contributors new to the process. Each submission was reviewed by at least two peer-reviewers and the Editor-in-chief, after which submissions were returned to the authors for modification before final acceptance, copy editing and formatting.
	Reviewers are asked to evaluate whether manuscripts appropriately represent Tribal perspectives, demonstrate free, prior, and informed consent, and avoid framing Tribal communities solely in terms of deficits or challenges.  Attention focuses on whether Tribal Nations are represented as agents of stewardship, governance, and innovation rather than solely as subjects of impact or vulnerability (Reo et al. 2017). Where epistemological differences arise, the publication recognizes the value of multiple ways of knowing and does not privilege a single standard of rigor (Miller et al. 2008; Tengö et al. 2014).
	Invitation to Participate  This is your publication and we invite you to join in our efforts! The RPC seeks individuals interested in serving as peer-reviewers, assisting with copy editing, and providing submissions. We are currently accepting submissions for the next annual issue, with submissions due by May 31, 2026.
	Contents   This inaugural issue highlights the diversity and strength of ecological stewardship across Tribal Nations. Eleven articles span the U.S., including Alaska. Authors represent Tribal Nations as well as academic institutions, state and federal agencies, and non-governmental entities.
	Featured themes and contributions  This issue offers examples of research articles, a review, case studies, a perspective and commentary, and rapid communications. The emphasis is on sharing practical and actionable information based on lessons learned: the discussion of the promises and challenges of Tribal co-stewardship experiences in NM and CO (Martin et et.) and a case study of a programmatic consultation framework for endangered species to reduce the unique burden on Tribes (Nagel et al.); Tribal capacity building: hands-on training to create fish passages in Alaska led to providing state and federal working group leadership (Dey et al.); important insights: the need for data-sharing agreements, with examples, for Tribal conservation science and management (Parella et al.) and the multi-decadal decline of lake whitefish in Lake Michigan (Skubik et al.); scientific inquiry: chronic wasting disease in mule deer and impact on hunter success in Wyoming (Russell et al.) and assisted migration of fish species in Lake Superior as a climate adaptation strategy (Moore et al.); raising questions and highlighting opportunities based on reviews of gaps and omissions: the unexplored promise of agrivoltaics on the land of the Navajo Nation to provide food and energy sovereignty, climate adaptation, and sustainable development (McLane et al.) and how ignorance of the historical role of hunting and using moose in Alaska has detrimentally shaped subsistence policy (Carl et al.); and offerings of hope, recovery and resilience: Piedmont prairie restoration (Bouknight) and the surprising “discovery” of a population of Chinook salmon thought to be extinct (Ellings et al.).
	Together, these works reflect innovation, leadership, and long-term commitment to stewardship across Tribal Nations. What unites the contributions in this issue is that they are grounded in Tribally-defined stewardship priorities and speak first to Tribal natural resource professionals and communities.
	The launch of From the Field affirms Tribal stewardship of fish, wildlife, plants, and habitats and the strength of peer-to-peer collaboration among Tribes. With Tribes and Tribally-affiliated professionals guiding their ideas, data, and knowledge, a new path has opened. We are already looking forward to the next edition, and we hope you are, too. Until then, we appreciate your interest and your support of colleagues whose work is presented here.
	References Berkes, F. 2018. Sacred Ecology. 4th edition. Routledge, New York, New York, USA.  Carroll, S. R., A. Garba, O. L. Figueroa-Rodríguez, et al. 2020. The CARE principles for Indigenous data        governance. Data Science Journal 19:43.  Hickman, C. R., J. Thorstenson, A. Carlisle, S. J. Hoagland, and S. Albert. 2023. Research with Tribes: a        suggested framework for the co-production of knowledge. Pages 229–247 in S. J. Hoagland and S.        Albert, editors. Wildlife Stewardship on Tribal Lands: Our Place Is in Our Soul. Johns Hopkins University        Press, Baltimore, Maryland, USA.  Hoagland, S. J., R. Miller, K. Waring, and O. Carroll. 2017. Tribal lands provide forest management        laboratory for mainstream university students. Journal of Forestry 115(3):1–7.  Kimmerer, R. W. 2013. Braiding Sweetgrass: Indigenous Wisdom, Scientific Knowledge, and the Teachings of Plants.        Milkweed Editions, Minneapolis, Minnesota, USA.  Kukutai, T., and J. Taylor, editors. 2016. Indigenous Data Sovereignty: Toward an Agenda. ANU Press,        Canberra, Australia.  Miller, T. R., T. D. Baird, C. M. Littlefield, et al. 2008. Epistemological pluralism: reorganizing        interdisciplinary research. Ecology and Society 13(2):46.  Native American Fish & Wildlife Society. 2025. Tribal Nation Survey: Follow Up. Native American Fish &        Wildlife Society.  Reo, N. J., K. P. Whyte, D. McGregor, M. P. Smith, and J. F. Jenkins. 2017. Factors that support        Indigenous involvement in multi-actor environmental stewardship. AlterNative 13(2):58–68.  Shanley, J. 2019. Spatial Data Sovereignty and Privacy in Tribal Contexts. Dissertation. University of Arizona,        Tucson, Arizona, USA.  Tengö, M., E. S. Brondizio, T. Elmqvist, et al. 2014. Connecting diverse knowledge systems for        enhanced ecosystem governance. Ambio 43:579–591.  Thorstenson, J. 2023. Diversity and complexity of tribal fish and wildlife programs. Pages 12–21 in S. J.        Hoagland and S. Albert, editors. Wildlife Stewardship on Tribal Lands: Our Place Is in Our Soul. Johns        Hopkins University Press, Baltimore, Maryland, USA.
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	Quaking aspen co-stewardship (Colorado)

	co-stewardship, fire, and aspen genetics in the face of a changing climate, while the second day was devoted to field trips in the area that gave participants first-hand knowledge of some of the nearby landscapes and socio-environmental challenges related to aspen.
	While the workshop emphasized the convergence of Western science and Indigenous perspectives, also on display were tensions surrounding such dialogue. Keith Karnes, Forestry Director for the Leech Lake Band of Ojibwe, spoke of how in the past the Tribe would be brought in at the end of the USFS planning process, rather than at the beginning. He also shared the Tribe’s frustrations with being treated like a “special interest,” rather than a sovereign nation with a trust responsibility from the federal government. However, the development of a memorandum of understanding (MOU) between the Tribe and USFS (2024) has since shifted practices toward shared decision-making, opening doors for conversation, change, and the restoration of traditional practices.6 Other workshop participants discussed how tribes could be inundated with consultation requests while struggling with capacity issues; on the agency side, there was often uncertainty over who to contact with tribes, particularly when wading into dynamics that implicated multiple Indigenous communities.
	One notable activity on the first day of the workshop had attendees split into small groups to collectively define co-stewardship. The range of responses (Figure 1) demonstrated the many aspects and applications of this seemingly straightforward term.
	In assessing the workshop, organizers felt it was “unevenly effective.” One noted that they had read a lot on inclusive organizing in planning, and that “[we] did a lot better than we could have.” However, they also felt that “balls got dropped,” as some had to step away from organizing – “life happens” – and planning faced structural challenges, along with difficulties in achieving greater Native presence in creation, planning, and facilitation. Another Indigenous organizer, however, saw it as “TEK in action,” and felt that planning was “all done in a respectful way.”
	Questions of trust, respect, and historical harms arose early in the workshop, and while things remained professional and (mostly) civil, many non-tribal participants were “surprised by the depth of feeling expressed,” and “in some cases… not well-equipped to hear this feedback,” according to one organizer. This “friction,” to quote another organizer, “created some disruption in the agenda,” but insights from Indigenous participants’ (e.g., their
	Figure 1. Defining co-stewardship. A) Definitions of co-stewardship created and shared by workshop participants (photo credit Jeff Martin); B) Word cloud generated from definitions, showing frequency of term use by size, colors were selected randomly. (Figure continues on next page.)
	Figure 1 (continued). Defining co-stewardship. C) Transcribed text from definitions in A.
	Figure 2. Emergent points of consensus
	Figure 3. Scenes from the workshop. A) Participants examine local aspen during a field trip on day 2; B) Closing ceremony around the fire (photos credit Benjamin Wong Blonder)
	Tribal forestry and fire (New Mexico)
	Serra:
	Figure 4. Group photo from the New Mexico Tribal Forestry and Fire Summit (photo credit Zoe Bashkin with Trees, Water and People).8
	Figure 5. Tribal leaders panel at the New Mexico Tribal Forestry and Fire Summit. Indigenous leaders shared the lessons learned and challenges they encountered in their respective journey. (photo credit Zoe Bashkin with Trees, Water and People).
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	Discussion
	1. Knowledge: shared understandings
	Figure 6. Emergent themes from work on tribal co-stewardship.

	2. Power: capacity challenges
	3. Practice: growing pains
	4. Presence: consistency and hope

	Conclusion
	people in continuing to push discourse and practice forward. For now, we are proud of the role our team has played in providing material support for young Indigenous scholars and the communities of which we are a part, as we collectively implement our values in practice and contribute in some small way to positive change.
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	Abstract The Grand Portage Band of Lake Superior Chippewa developed one of the earliest climate adaptation plans among Indigenous nations in the United States, combining traditional ecological knowledge with scientific vulnerability assessments and objective ecological thresholds to guide adaptation strategies. This paper documents the Band’s two-phase climate adaptation planning process, beginning with a sector-based vulnerability assessment, and culminating in a strategic action plan that includes measurable ecological triggers for management intervention. We then evaluate a case study of assisted species migration in Trout Lake, a reservation lake where rising temperatures surpassed lethal thermal limits for Maazhamegosens - brook trout (Salvelinus fontinalis) by the early 2000s. In response, Grand Portage implemented a proactive transition by introducing culturally - and ecologically - appropriate native species, ombigoojiinh - yellow perch (Perca flavescens) and ogaawag - walleye (Sander vitreus), which were better suited to warming waters. Nearly two decades later, monitoring reveals that yellow perch have established a multi-year-class, self-reproducing population, while walleye have grown and persisted, though with limited evidence of natural recruitment. This adaptation effort demonstrates the feasibility of threshold-triggered species transitions and underscores the value of tribal sovereignty, climate justice, and adaptive management in responding to rapid ecological change. The Grand Portage approach offers a transferable model for co-stewardship and climate resilience across the 1854 Ceded Territory and more broadly.

	Introduction Climate change poses profound challenges to Indigenous communities that depend on local ecosystems for culture and subsistence. Indigenous peoples are disproportionately impacted by climate disruptions due to their reliance on natural resources and the fixed locations of their reservations or geographically defined treaty areas (Jantarasami et al. 2018). The Grand Portage Band of Lake Superior Chippewa, located in the northeastern tip of Minnesota, have observed climate-driven threats to culturally significant species such as moose and brook trout (Northern Arizona University 2013, Wolf et al. 2021). Moose populations in the region have declined over the past two decades, a trend exacerbated by warming temperatures here at the southern edge of their range (Lenarz et al. 2009 and 2010, Wolf et al. 2021, Severud et al. 2022). Likewise, unprecedented warming   of  Lake  Superior  and   regional   inland
	waters has signaled that climate change is altering local habitats and threatening subsistence fisheries (Austin and Coleman 2007). In fact, Lake Superior is one of the fastest-warming lakes in the world (O'Reilly et al. 2015). In response to these vulnerabilities, the Grand Portage Band initiated a proactive climate adaptation planning process to safeguard its environment and way of life (Moore et al. 2015).
	In 2008, under the auspices of the Grand Portage Reservation Tribal Council, the Band’s  Trust  Lands Office formed a Climate Change Working Group to confront the emerging climate crisis. This working group was guided by Ojibwe (often referred to as Chippewa) values of long-term stewardship (e.g., “seven generations” planning) and, informed by climate science, undertook one of the first tribal climate adaptation planning efforts in the United States   (Moore et al. 2015,  Stults et al. 2016).    The

	result was a two-chapter Climate Change Adaptation Plan: Chapter 1 provided a comprehensive vulnerability assessment of natural resources, and Chapter 2 outlined a strategic action plan to address those vulnerabilities. This plan, completed in the early 2010s, is a landmark in Indigenous-led climate planning, representing an expression of tribal sovereignty and climate justice leadership. While many marginalized communities face barriers to adaptation, the Grand Portage Band asserted self-determination by developing its own science-based, culturally grounded roadmap for resilience, such that vulnerabilities to climate change are addressed (Jantarasami et al. 2018). Notably, it was the second tribal climate adaptation plan in the U.S., illustrating the Band’s nation-leading approach to climate preparedness. The development of the groundbreaking Grand Portage Band plan ultimately led to the 2016 Climate Change vulnerability assessment and adaptation plan for the 1854 Ceded Territory as a whole, including the Bois Forte, Fond du Lac, and Grand Portage Reservations (Stults et al. 2016).
	Grand Portage’s approach was developed with the integration of Indigenous knowledge and scientific research. Tribal elders, community members, and resource managers contributed Indigenous ecological knowledge (IEK) by incorporating generations of observations about local climate patterns, species behavior, and ecosystem relationships to complement climate projections and ecological data. This combined knowledge system strengthens the plan’s recommendations similarly to an Indigenous Knowledge Integration Framework described by Ciocco et al. (2022). For example, Ojibwe perspectives on living in harmony with nature and representing those that cannot speak (such as animals and plants) shaped the plan’s emphasis on ecosystem health and interdependence (Acharibasam et al. 2024). At the same time, climate projections and vulnerability assessments were used to identify at-risk resources and to set measurable thresholds for  action.  By uniting IEK with modernscience, the Grand Portage Climate Change Working Group operationalized an adaptive management strategy that is both culturally appropriate and rigorously evidence based.
	The Grand Portage Band’s climate initiative is a powerful expression of Indigenous sovereignty and environmental stewardship because  such  initiatives
	embody Indigenous climate leadership and reassert trust-based stewardship roles over tribal landscapes (Middleton 2011). Through the planning process, the Band exercised its right to manage and protect resources on its ancestral lands in the face of global climate threats. Tribal leaders frame this work as a matter of climate justice: the Band is ensuring that treaty-protected rights to hunt, fish, and gather can be sustained for future generations despite a changing climate. The adaptation plan explicitly aims to maintain culturally vital lifeways (e.g., subsistence harvesting of fish, wildlife, and plants) and uphold the Band’s responsibility to its people, its non-human relatives, and the land. In doing so, Grand Portage has modeled how Indigenous communities can lead in climate resilience by planning holistically for impacts on human and ecosystem health, economy, and tradition, and by forging solutions that reinforce their sovereignty, such as co-management agreements and ecological interventions.
	Assisted Migration A signature outcome of the Grand Portage climate planning effort is an assisted migration strategy for an inland lake fishery, an adaptation responding to warming waters that rendered a brook trout -  maazhamegosens (Salvelinus fontinalis) population unsustainable. The term ‘assisted migration’ is defined as the human-led movement of plants or animals to new locations to help them adapt to climate change, preventing them from being left behind as their native habitats become unsuitable (McLachlan et al. 2007), and is similar to terms such as ‘managed relocation’ and ‘assisted dispersal’. This approach is consistent with current global guidance on assisted migration to preserve ecosystem functions in the face of rapid climate shifts (Butt et al. 2021). Interestingly, the Grand Portage Band’s development and implementation of their first climate adaptation strategy predate this guidance by a decade. This Trout Lake case study exemplifies the plan in action, demonstrating how climate risks identified in the vulnerability assessment were addressed through innovative management. The following sections detail the methods used in Grand Portage’s vulnerability assessment and adaptation planning (with emphasis on fisheries), describe the assisted migration of yellow perch and walleye into Trout Lake, present generalized results from over a decade of monitoring that intervention, and discuss the implications  for  long-term resilience.  In  doing
	so, we highlight how the Grand Portage Band’s nation-leading climate adaptation program elevates IEK, advances climate justice, and serves as a model for Indigenous-led environmental stewardship in the 1854 Ceded Territory and beyond.
	Methods Climate Vulnerability Assessment and Planning Framework Grand Portage’s climate adaptation planning followed a structured, science-based process to evaluate vulnerabilities and implement adaptive strategies. We used threshold-triggered species transitions based upon long-term monitoring data and adaptive management in responding to rapid ecological change. Chapter 1: Vulnerability Assessment was developed to describe how various environmental sectors on the Grand Portage Reservation are exposed and sensitive to climate change. Tribal natural resource staff compiled historical data, community observations, and published research for key resource areas including air quality, water resources, wetlands, forests, fisheries, wildlife, and food systems. or each sector, the team assessed current conditions and identified climate-driven trends and stressors. For example, they noted shifting precipitation patterns affecting water quality and quantity, increased invasive species and fire risk in forests, and warming lake temperatures threatening cold-water fisheries (Moore et al. 2015). These assessments drew on both Western scientific studies and IEK. Community input through elder interviews provided observations of changing seasons, resources, or species behavior, which enriched the understanding of how climate change was already impacting Grand Portage’s ecosystems. This was an important process to document because IEK has historically been shared orally and is not widely available in text. By the end of this phase, the Band had a comprehensive picture of its climate vulnerabilities: from more frequent droughts lowering lake levels to milder winters increasing the impact of forest pests, and from temperature increases in both terrestrial and aquatic habitats resulting in reduced moose and brook trout survivorship.
	Crucially, the vulnerability assessment process led to development of quantified thresholds of ecological change that would be used to trigger management actions.      This    strategy    follows    an    adaptive
	governance framework that emphasizes threshold-based transitions and is consistent with the more recently developed RAD (resist–accept–direct) model (Schuurman et al. 2020, Thompson et al. 2021, Schuurman et al. 2022, Lynch et al. 2022, McElwee et al. 2023). The second part, Chapter 2: Strategic Adaptation Plan, built on these findings by establishing clear objectives, targets, and actions to enhance resilience. In this plan, each resource sector was assigned adaptation strategies tailored to its specific vulnerabilities. The development of Chapter 2 was an interdisciplinary effort: tribal biologists, climate scientists, and land managers collaborated to design interventions that were realistic, culturally appropriate, and based on the best available data. A key methodological innovation was the use of historical ecological data (including IEK) and climate projections to define objective trigger points and ecological thresholds for management decisions. This approach ensured that management actions would be initiated not arbitrarily, but in a meaningful response to measured changes in conditions.
	For the fisheries sector, Grand Portage managers analyzed long-term lake temperature records, used data from fish population surveys, and considered species-specific habitat requirements to inform adaptation strategies. Historical temperature profiles of cold-water lakes were examined to determine if suitable brook trout habitats will remain under continued warming trends. Optimal thermal habitat for brook trout is between 8 and 20 °C with oxygen levels greater than 3 parts per million. Water temperatures between 20 and 25 °C are stressful to brook trout, with temperatures above 25 °C being lethal (Wisner and Christie 1987, Wehrly et al. 2007). These values were used as climate risk thresholds. Likewise, fisheries assessments provided baseline catch-per-unit-effort (CPUE) metrics for brook trout in certain lakes, establishing a reference for population health.
	Using these baselines, the team defined specific trigger criteria for climate adaptation actions in vulnerable lakes. For example, one management guideline stated: “If brook trout CPUE in Trout Lake falls below 5 fish per electrofishing hour (in spring surveys)” for three consecutive years or if summer hypolimnion (deep water) temperatures reach 24 °C, then brook trout management (stocking)   will   be  halted  and   the   lake  will   be
	transitioned to a cool-water fishery (e.g., yellow perch and walleye). Conversely, if brook trout catch rates remained above this threshold and cold-water habitats persisted, managers would continue supporting the brook trout fishery. Similar decision rules were developed for other lakes and species. This threshold-based methodology allowed the Band to practice adaptive management: monitoring key indicators and altering management strategies once predetermined climate or population thresholds were crossed. Such an approach is aligned with emerging climate adaptation frameworks (like RAD), wherein managers either resist change, accept it, or direct the system toward a new state, depending on conditions (Schuurman et al. 2020, Thompson et al. 2021, Schuurman et al. 2022, Lynch et al. 2022). Grand Portage explicitly chose to direct ecological change, when necessary, by introducing regionally native species adapted to emerging conditions once it became clear that resisting (i.e., trying to maintain historical species) was no longer feasible. With only three fishable lakes within the reservation landbase (189km2), having one of those without harvestable subsistence fish species was not an acceptable outcome.
	Assisted Migration Case Study: Trout Lake Fishery Site Description: Trout Lake is a 25-hectare, bog-stained, inland lake on the Grand Portage Reservation that is relatively shallow (~7m deep), making it sensitive to temperature changes (Figure 1). Historically the lake supported a cold-water brook trout fishery that was likely created through stocking in the 1920’s and 1930’s, although native brook trout existed within the watershed and likely existed in Trout Lake prior to non-Indigenous settlement. Brook trout had become well established by the 1930s and were a sought-after fishery (Olson 1936). By the late 1990s, Grand Portage Band biologists began to observe troubling signs: summer water temperatures in Trout Lake were rising to significantly stressful or lethal levels for brook trout, and annual fish surveys indicated the brook trout population was in sharp decline. The vulnerability assessment confirmed that Trout Lake was unlikely to sustain brook trout in the face of continued warming as it lacked deep, cold-water refuges with sufficient oxygenation. Indeed, by the early 2000s the brook trout population had effectively collapsed due to thermal stress and related oxygen depletion in warm months.
	Figure 1. Study region of the Grand Portage Indian Reservation and Trout Lake, where assisted migration strategy was used beginning in 2004.
	Figure 2. Timeline of climate-driven ecological change, climate adaptation planning, and fisheries management actions in Trout Lake on the Grand Portage Reservation, Minnesota.
	Adaptation Strategy: Although historic records could not be found, it is likely that an initial directing of change already occurred in transitioning Trout Lake from its original conditions to one with game fish via stocking of brook trout. More recently, the Grand Portage Band Department of Natural Resources determined that Trout Lake should be transitioned from a cold-water fishery to a cool-water fishery. The selected adaptation action was an assisted migration (species translocation): introducing two native fish species better suited to warmer conditions - ombigoojiinh - yellow perch (Perca flavescens) and ogaawag - walleye (Sander vitreus) - to replace the extirpated brook trout. This strategy was grounded in both cultural and ecological rationale. Yellow perch and walleye are native to the region and important subsistence species for Ojibwe people and can tolerate higher water temperatures than brook trout. By establishing a self-sustaining perch–walleye community, the Band aimed to preserve a productive fishery and subsistence food source in Trout Lake despite climate change. Importantly, this approach of directing ecological change is viewed as a way to compensate for loss of biodiversity with alternative native species more suited to the changing climate (Moore et al. 2015), rather than accepting change and simply allowing the lake to become biologically depauperate.
	Implementation: The assisted migration was initiated in the early-2000s, shortly after signs of the brook trout collapse became evident, but before the adaptation plan was completed (Figure 2). The Band’s Native Fish Hatchery played a pivotal role in this effort. Traditionally focused on rearing cold-water species (brook trout for Lake Superior stocking), the hatchery had been upgraded with recirculating aquaculture systems that could also rear cool-water species like walleye and lake sturgeon. Utilizing these facilities, Grand Portage biologists obtained multiple age classes of yellow perch and walleye fingerlings from local genetic stock (to ensure they were well-adapted to regional conditions). Yellow perch were stocked first (circa 2004), introducing a forage base to the lake needed for walleye. Walleye fingerlings were introduced in subsequent years (beginning around 2006) once the perch population was established, with the goal of creating a self-sustaining cool-water fishery (walleye as top predator, perch as forage base). Initial stocking densities and frequencies were guided by consultation with state and tribal fisheries experts, considering the lake’s productivity and target population sizes, but followed relatively moderate stocking levels of 0.5-1 kgs of fingerlings per littoral acre of habitat (Minnesota DNR 2021). All stocked fish were marked or fin-clipped in some manner to distinguish between any naturally reproduced fish in later assessments.
	Monitoring and Data Collection: Following the species introductions, a long-term monitoring program was developed to evaluate the success of the Trout Lake adaptation strategy. Standard fisheries survey techniques were employed on an annual or biennial basis:
	Walleye Surveys: Each spring, as waters warmed to ~10–15 °C, fisheries staff conducted lake-wide walleye assessments using nighttime boat electrofishing. These surveys provided estimates of walleye abundance (CPUE), size structure, and body condition. Spring was chosen to target adult walleyes during pre-spawn/spawn periods when they are inshore and vulnerable to sampling. A CPUE threshold of 5 walleyes per electrofishing hour was defined as an indicator of minimal establishment, and >30 per survey as indicative of a self-sustaining population, based on criteria in the adaptation plan. Fall electrofishing surveys were conducted in some years to assess if any natural recruitment had occurred, as evidenced by young-of-year (YOY) walleye being found. Creel surveys (angler catch reports) were also utilized opportunistically to provide an estimate of angler harvest.
	Perch Surveys: Day and nighttime electrofishing was also used in littoral areas to sample yellow perch. This approach effectively captured a wide size range of perch. The data collected included CPUE of perch, length-frequency distributions, and the presence of YOY juveniles. High catches of YOY perch would indicate successful spawning.
	Multi-year Class Analysis: Fish captured were aged (using scales or otoliths) to develop a size at age key. Length frequency histograms were created to illustrate annual size categories and year class strength of the populations. The presence of multiple age classes, especially juveniles and sub-adults not accounted for by stocking events, would signify natural reproduction and persistence. For walleye, evidence of recruitment (age-0 or age-1 fish in catches that were not stocked) was of particular interest.
	Water Quality and Temperature Monitoring: Automated temperature loggers Onset  HOBO
	pendant v2) were deployed in a series throughout the water column in Trout Lake to record thermal stratification patterns. The focus was on measuring peak summer temperatures in surface and deep waters. This data allowed comparison against the thermal thresholds (e.g. 28 °C in the hypolimnion) that would determine if even the new cool-water fish community might be at risk in the future. Basic water quality parameters (dissolved oxygen profiles, Secchi depth, etc.) were also tracked to ensure the lake could support the introduced species (which have different oxygen needs than trout).
	All field methods followed standard fisheries protocols and were reviewed by tribal and partner biologists to ensure scientific rigor. Data were recorded with an emphasis on creating a long-term record (2004–present) for trend analysis. Because this case study is also of interest to the broader scientific and tribal resource management communities, the Band maintained meticulous records to potentially share insights on assisted migration as an adaptation tool.
	Results Climate Vulnerability Assessment Highlights Baseline Findings: The vulnerability assessment confirmed that the Grand Portage Reservation’s natural resources are already experiencing climate-related changes, validating the need for adaptation. By 2010, local meteorological records showed an increase in average annual temperature and more frequent extreme rain events compared to late-20th-century baselines (NOAA). Key findings by sector included: increased risk of respiratory illness from higher temperatures and wildfire smoke (Air Quality); longer summer droughts punctuated by heavy downpours degrading water quality (Water Resources); wetland water level fluctuations stressing wild rice and medicinal plants (Wetlands); northward shifts in forest species composition and health declines in cold-adapted trees like paper birch (Forestry); reduced habitats for cold-water fish (Fisheries); and habitat stressors for iconic wildlife like moose and snowshoe hare (Wildlife). These results provided a strong impetus for the Band to implement the adaptive strategies outlined in Chapter 2 of the plan.
	Threshold Triggers Reached: By the close of the 21st century’s first decade, several of the plan’s management thresholds had been reached or exceeded, activating adaptation responses. Multiple inland lakes showed warning signs that met the criteria for intervention. Trout Lake was a clear example: brook trout CPUE in spring electrofishing and fall netting had declined to zero by 2008 from an average of ~ 10 per electrofishing hour and 2–3 per fyke net a decade earlier (Figure 3), and temperature monitoring recorded hypolimnetic temperatures of  24 °C  in summer 2007 and 2008 -
	crossing the 24 °C threshold that signals unsuitable conditions for brook trout (Wherly et al. 2007, Chadwick et al. 2017) (Figure 4). This triggered a management shift for Trout Lake from cold-water to cool-water fishery (Moore et al. 2015). Similar trigger conditions were observed in another nearby lake (Taylor Lake, not detailed here), whereas a third lake (Swamp Lake) persisted with multiple brook trout age classes and sub-24 °C deep-water temperatures, so it remained under brook trout management with careful monitoring.
	Figure 3. Brook trout CPUE from electrofishing 1995-2015 showing extirpation of brook trout as surface temperatures rose. Overlayed with Trout Lake July surface temperatures.
	Figure 4. Temperature and dissolved oxygen (DO) profiles of Trout Lake taken on 8/28/2013 from the lake surface to the bottom. The lethal zones (shown in red) show depths where either temperature or oxygen levels reach critical limits for brook trout, while the stressful zone (shown in yellow) show depths where brook trout are negatively impacted by poor oxy-thermal conditions. Suitable habitat for brook trout – i.e., depths at which temperatures are below 20 °C and oxygen concentration is above 3 ppm – no longer exists in the summer in Trout Lake.
	Table 1. Summary of Trout Lake fish community metrics by year, including number of fish stocked, CPUE of perch and walleye, and evidence of natural reproduction.
	Figure 5. Length-frequency distribution of yellow perch in Trout Lake from 2005-2010 (black bars) and from 2011-2021 (blue bars) in spring and fall surveys, showing establishment of multiple age classes and changes over time. Size classes roughly track age classes with age-0 yellow perch found to be less than 100 mm, age 1-4 yellow perch between 100 and 250 mm, and age 5 or older fish larger than 250 mm.
	Trout Lake Fishery Transition Outcomes Yellow Perch Establishment: Yellow perch introduction into Trout Lake has been highly successful. Within two years of initial stocking (i.e. by 2006), perch were routinely captured in surveys and exhibited good survival and growth. By 2008, evidence of natural reproduction emerged: fall electrofishing caught young-of-year perch (50-70 mm length), which were not part of any stocking, confirming the perch population had reproduced successfully in the lake. The perch population expanded rapidly – by 2010, CPUE in fall fyke nets had increased to over 50 perch per net-night (from 0 prior to introduction), and multiple size/age classes were present. Length-frequency data (see Figure 5) show a developing population structure with a strong cohort of small perch (age-0 and age-1)   and  a  presence   of   larger  individuals  up   to
	~200 mm (age-3+). By 2015, the yellow perch population had “exploded” in number, as anticipated by managers, effectively establishing a self-sustaining forage base. The perch appeared to reach high density partly due to the initial absence of large predators (while walleye were still maturing). This led to some stunting (many perch in the 100-150 mm range) but also ensured ample prey availability once walleye stocking took full effect. Currently (as of 2024), yellow perch remain abundant in Trout Lake, with relatively stable recruitment each year. Age and size distribution analysis indicated at least 5 age classes present, confirming continuous natural reproduction. The multi-year class structure and high perch biomass achieved the project goal of creating a resilient cool-water prey base in the lake (Table 1, Figure 5).
	Notably, perch have also become a subsistence resource for tribal members, who have started harvesting them regularly, providing a cultural and dietary benefit from this adaptation effort (although harvest data are outside the scope of this study).
	Walleye Population and Growth: Walleye introduction has yielded more mixed results, with good growth of stocked fish but limited evidence (so far) of any natural reproduction. The walleye fingerlings stocked in 2006, and subsequent years survived well and took advantage of Trout Lake’s prey-rich environment. By 2009, some walleyes had reached ~400-450 mm in length (age 3), and by 2012 fish over 500 mm were documented. Some walleye even reached 700 mm – indicating that thermal and forage conditions in the lake are favorable for individual growth. The relative weight (Wr) condition factor of these walleyes has been igh (generally 95–105%), suggesting they are well-fed (unsurprising given the plentiful perch). Annual spring electrofishing surveys show that walleye CPUE   rose   steadily   in   the   first   few  years  of
	stocking and then plateaued. By 2010, spring walleye CPUE was approximately 5–10 fish per electrofishing hour, moving the population into the plan’s middle management range (5–30 per hour) where continued stocking was recommended without harvest restrictions (Figure 6). The Band has continued periodic walleye fingerling stocking but at different rates due to fingerling availability. Over time, fingerling stocking rates ranged between 0.2 and 4.3 kgs per littoral acre per year and averaged about 1.2 kgs per year. Walleye abundance has remained moderate: spring CPUE has fluctuated around 8–15 per hour in most years through the 2010s, with no trend of strong increase or decrease (see Figure 6 for CPUE time series). This level of abundance has provided a fishery (tribal members report catching walleye on occasion, and fyke net surveys show enough adults to support some harvest), but it has not crossed the threshold of 30 per net that would indicate high-density population. In other words, Trout Lake’s walleye population so far appears to be stocking-dependent.
	Figure 6. Time series of adult walleye CPUE (walleye > 300mm per electrofishing hour) in Trout Lake surveys (2005–2022). In years which spring and fall data existed, CPUE was averaged between seasons. Adult walleye found in 2005 and 2006 were a result of small walleye being incidentally stocked with yellow perch in 2004.
	Critically, despite observations of mature walleye each spring (including ripe males and females during spawning season), natural reproduction of walleye in Trout Lake has been minimal. Extensive electrofishing in littoral zones since stocking began yielded virtually no age-0 walleye (young-of-year <150 mm) in any fall survey, except sporadically 1–2 individuals in a couple of years. No age-1 walleye were found in any spring survey in years where stocking did not occur, nor were any walleye assigned to year classes that could have been naturally reproduced. This suggests that, while walleye have thrived individually (good growth and survival of stocked fish), their density and/or spawning habitat might be insufficient for successful recruitment. Possible factors include limited suitable spawning substrate in Trout Lake (which has muddy/sandy shallows not ideal for walleye egg incubation), or predation on any walleye fry by the very abundant perch. The plan had anticipated this possibility: “walleye growth rates are high (although population not yet at densities to successfully reproduce)” was noted as an early outcome. That has proven accurate a decade later. As a result, Grand Portage has maintained an adaptive management stance: continuing to stock walleye fingerlings periodically to bolster the population, while monitoring for any signs of natural recruitment. Table 1 summarizes the walleye stocking and survey results, including number of fingerlings stocked, CPUE in subsequent years, and any YOY detections.
	Food Web and Ecosystem Indicators: The shift from a brook trout monoculture to a perch–walleye fish community has altered Trout Lake’s ecosystem in notable ways. The disappearance of brook trout (a pelagic predator of minnows and invertebrates) and introduction of walleye (a littoral predator) and perch (omnivorous forage fish) created a new aquatic food web. So far, this new community appears stable and robust under the current climate. No invasive species or unexpected species proliferations have been observed; the fish community is now dominated by the stocked natives (walleye ~5–10% of biomass, perch ~85–90% of biomass, plus a minor component of native dace and suckers). Benthic macroinvertebrate surveys suggest the lake’s invertebrate community has adjusted to heavy predation by perch (e.g., snail and mussel numbers have decreased, while insect larvae remain plentiful  –  detailed data not shown).  Water
	clarity (Secchi depth) declined slightly as the perch population boomed (from ~4 m Secchi depth pre-introduction to ~3 m in recent years), possibly due to increased bioturbation or nutrient cycling by the high-density perch population. However, overall water quality remains good, and importantly, thermal conditions have not exceeded the tolerance of the introduced species. Continuous temperature logger data (2008–2024) reveal that Trout Lake’s mid-summer surface temperatures now regularly surpass 26 °C and occasionally approach 28 °C in hot years – conditions that are lethal for brook trout, validating the decision to switch species. The deep-water temperatures have remained below 28 °C (the critical threshold for walleye) in all years on record, with temperatures in the low-20s (°C), providing adequate refuge for walleye during the summer. Dissolved O₂ in the bottom layer can sometimes decline in late summer (as warmer water holds less O₂), however levels thus far have been sufficient for perch and walleye survival. No fish kills have been observed since the species transition.
	In summary, the assisted migration strategy in Trout Lake has succeeded in establishing a viable cool-water fishery where a cold-water fishery could no longer persist. Yellow perch have formed a thriving, self-reproducing population with walleye supported by stocking, albeit without significant natural recruitment yet. Thermal and O₂ profiles indicate that the current fish community can be supported under current and future climate conditions, whereas brook trout habitat is no longer present. Further results, such as detailed age-growth curves for walleye and a comparison of pre- vs. post-transition trophic dynamics, are being analyzed and will be reported in a future technical paper. Here we provide the foundational outcomes that demonstrate the efficacy of the climate adaptation intervention.
	Discussion Evaluating the Assisted Migration Strategy The Trout Lake case study offers valuable insights into the effectiveness of assisted species migration as a climate adaptation strategy for fisheries. By all accounts, the intervention achieved its primary goal: replacing a climate-vulnerable species (brook trout) with alternative native subsistence species (yellow perch and walleye) that could thrive under warmer conditions, thereby maximizing the lake’s ecological function  by developing  a forage  base  and thus  its
	value to the community. Yellow perch populations continue to be self-sustaining at levels sufficient to support walleye populations with good growth and offer some harvest opportunities. Ongoing management like walleye stocking will need to continue until the walleye population can exert top-down predation control on yellow perch.
	The introduced walleye population, while not yet self-reproducing, has exhibited good growth and survivorship needed to support a functional fishery. The lack of observed walleye recruitment is an important caveat suggesting that simply introducing a species is not a guarantee that it will complete its life cycle without continued human assistance. In Trout Lake, walleye may require periodic stocking until habitat enhancements or population density changes allow for successful reproduction. One management response could be to stock a higher number of fingerlings or even older life stages to balance predator-prey dynamics. Another management action could be habitat intervention (for example, adding gravel substrate in shallow areas to improve spawning conditions). These adaptive measures illustrate the need for flexibility and continued evaluation in climate adaptation projects. The Grand Portage team anticipated that multiple iterations or supportive actions might be needed, consistent with an adaptive management philosophy. The outcome could be characterized as partial success: the fish community was shifted as intended (resistance was futile, so a directed change was made), and one species (perch) fully established, while the other (walleye) requires more time or help to meet the self-sustaining criterion. From a resilience standpoint, the new community is likely more robust to further warming than the original brook  trout  community  was,  because  both  perch
	and walleye can tolerate even warmer waters (up to upper-20s °C, whereas brook trout would perish above mid-20s °C). This intervention extends the climatic lifespan of Trout Lake as a productive fishery by presumably several decades, even under continued warming trends.
	It is instructive to frame the Trout Lake strategy in the context of climate adaptation options. Resource managers facing climate-induced species loss generally have three choices: 1) resist the change (e.g., attempt to preserve brook trout via intensive management like artificial cooling or refuge augmentation), 2) accept the change (allow the lake o lose its brook trout and possibly transition to a lower-productivity state), or 3) direct the change (actively introduce or foster a new preferred state). Grand Portage chose to direct the change, which is a form of transformative adaptation. This proactive approach contrasts with the more passive “wait and see” strategy that might result in resource loss. The success in establishing new species assemblages validates this choice in the Trout Lake scenario. Not only was a productive fishery created, but the Band retained agency over the outcome, aligning with Indigenous stewardship values of caring for the land and resources. The case exemplifies how Indigenous communities can leverage both TEK and scientific tools to implement adaptation measures that are creative and proactive - effectively re-engineering a lake ecosystem in response to climate change while still using native species and respecting the natural character of the system.
	Several challenges and lessons emerged from this case study that can inform future assisted migration adaptation projects (Table 2).
	Table 2. Key uncertainties, observations, and management implications from the Trout Lake assisted migration climate adaptation case study.

	Category
	Observation
	Management Implication
	Ecological Uncertainty
	Limited natural reproduction of walleye; food-web responses emerged over multiple years.
	Long-term monitoring and adaptive management are required to address lagged or uncertain ecological responses.
	Unintended Consequences
	Yellow perch exhibited elevated mercury concentrations (mean = 0.35 µg/g), exceeding regional benchmarks and prompting consumption advisories.
	Climate adaptation strategies should incorporate contaminant monitoring and human health considerations.
	Genetic & Biodiversity Trade-offs
	Transition resulted in local loss of brook trout, altering lake-level biodiversity.
	Assisted migration should be paired with regional cold-water refugia conservation to maintain landscape-species persistence.
	Cultural & Community Considerations
	Walleye and yellow perch are culturally familiar subsistence species; community acceptance was high following engagement and education.
	Climate adaptations are more durable when aligned with cultural values and food sovereignty priorities.
	Resource & Capacity Requirements
	Implementation required hatchery capacity, technical expertise, sustained funding, and monitoring infrastructure.
	Investment in tribal capacity and sovereignty enables timely and effective climate adaptation actions.
	Ecological Uncertainties: The Trout Lake project had to contend with uncertainties such as whether introduced fish would find adequate spawning habitat and how the food web would reorganize. The limited walleye reproduction highlights that not all desired outcomes occur immediately. Continued monitoring is crucial to detect such issues and guide iterative management (e.g., continued stocking or habitat improvements). Flexibility must be built into adaptation plans to respond to ecological surprises or lags in expected responses.
	Unintended Consequences or outcomes: A few years  after  successful  establishment  of the  yellowperch population, fish tissues were collected to determine concentrations of mercury and other heavy metals. Surprisingly, yellow perch (125-250 mm size  range)  had  high  mercury  concentrations
	ranging from 0.17 and 0.57 ug/g, with an average concentration of 0.35 ug/g (data from 2006-2012). This was about three times higher than mercury levels in brook trout in neighboring lakes and more than double yellow perch levels in other lakes in the region. Consumption advisories of 1 meal/week for the general public, and 1 meal/month for sensitive people were created based on these data (Grand Portage Fish Consumption Advisory, 2012).
	Genetic and Biodiversity Considerations: Swapping species, even with native ones, alters the local biodiversity and genetic landscape. The Band recognized this trade-off and deemed it necessary, but it raises the point that adaptation sometimes involves hard choices that sacrifice one value for another (here, creating a harvestable fishery over conserving a species that  has occurred  in  the  lake

	for many years). It illustrates the importance of broader efforts to protect cold-water refugia in the region, so that brook trout as a species are conserved even if individual lakes warm beyond their limits. Assisted migration should be pursued in concert with larger conservation strategies.
	Cultural and Community Impacts: From a community perspective, the transition in Trout Lake had to be acceptable to Band members. Brook trout, while valued, were not a native species in most inland lakes (they were originally stocked for sport fishing), whereas walleye and perch are culturally familiar and favored for subsistence. This shift was culturally desirable, as community members can fish for perch and walleye now. Any adaptation involving species changes should consider cultural preferences and meanings of species. In this case, the adaptation reinforced food sovereignty by providing an accessible local source of fish protein in place of one that was disappearing. Community engagement and education about the reasoning (i.e., explaining why brook trout were failing and why walleye and perch were chosen) was essential to gain support for the project.
	Resource Requirements: Implementing this kind of adaptation required significant resources - a hatchery facility, technical expertise for surveys, survey equipment, and funding for ongoing monitoring. Not all tribes or communities may have such capacity readily available. Partnerships can help; Grand Portage leveraged knowledge from state biologists and academic researchers and utilized grant support (e.g., Bureau of Indian Affairs climate adaptation funds) for equipment. This case emphasizes the need for investment in tribal capacity for climate adaptation, including infrastructure like hatcheries and training in monitoring techniques. It also showcases the value of tribal sovereignty in resource management - because the Band has jurisdiction over Trout Lake on its  reservation,  it could  enact  this  interventionunilaterally, whereas on public or shared waters, regulatory hurdles would complicate such a swift adaptive response.
	Broader Significance for Tribal Climate Resilience and Co-Stewardship Grand Portage’s climate adaptation efforts are exemplified  by  the  Trout  Lake  project  and  carry
	broad significance for Indigenous-led resilience and collaborative stewardship of natural resources. Trout Lake no longer harbors trout, and this reality (similar to Glacier National Park. USA, which soon will have no glaciers) shows a profoundly changed world in which things like lakes are non-stationary (i.e., are changing beyond historical bounds).
	The Band’s work is situated within the 1854 Ceded Territory, where off-reservation hunting, fishing, and gathering rights are co-managed through the 1854 Treaty Authority. The lessons from Trout Lake provide a template that can be extended to co-managed lands and waters throughout the region. For instance, state and tribal co-managers might consider similar species transitions in other lakes facing warming, using the threshold-based decision framework that Grand Portage developed. The Band’s work led to the development of the 1854 Ceded Territory Climate Change Vulnerability Assessment and Adaptation Plan (Stults et al. 2016) that evaluated over 30 species and habitats and recommended actions for 11 priority resources across the Ceded Territory. Grand Portage’s early leadership catalyzed a regional approach to climate adaptation, demonstrating the value of tribes taking initiative. In a co-stewardship context, the Trout Lake case can be seen as a successful pilot that could inform cooperative management strategies, for example, adjusting fisheries management regulations jointly between tribes and the State of Minnesota as lakes warm, or collaboratively identifying refuge lakes for cold-water species versus candidate lakes for species shifts.
	Moreover, this case highlights how tribal sovereignty and stewardship values enhance climate justice outcomes. Indigenous communities like Grand Portage are often on the frontlines of climate mpacts, but they are also front-runners in adaptive solutions. This early adaptation response exemplifies climate justice in practice, aligning with broader calls to ensure frontline communities can shape their own   environmental   futures  (Jurjonas & Seekamp 2020). By exercising rights and knowledge to protect ecosystem health, tribes are filling gaps in conventional management that might otherwise leave climate impacts unaddressed. The fact that Grand Portage’s plan was among the first of its kind is telling, it underscores an assertion often made in climate policy: that those who are most affected (and  have  longstanding   relationships   with   their
	environment) are crucial leaders in developing solutions. The Band’s integration of IEK and tribal perspectives (e.g. the Seventh Generation Principle of considering impacts on the great-grandchildren’s generation) provided a future-oriented mindset that is fundamental in climate planning but sometimes lacking in short-term political cycles of non-Indigenous governments. This long-term vision is now being increasingly recognized and valued; federal and state agencies are seeking partnerships with tribes to inform broader climate resilience efforts.
	In terms of climate justice, Grand Portage’s work ensures that the Band can continue to practice their treaty-reserved rights to harvest natural resources in a sustainable way despite environmental changes. By proactively adapting, they are avoiding a scenario where climate change erodes those rights and access, for example, if no action were taken, Trout Lake would have become a dead trout lake with little to harvest, effectively losing a valuable harvest opportunity. Instead, the Band now enjoys a productive fishery. This outcome aligns with the concept that the right to hunt, fish, and gather inherently includes the right to healthy populations of those species and a non-degraded environment. The Trout Lake project is climate justice in action, where an Indigenous community used its agency to secure the health of its local environment against global threats. It is a story of resilience, cultural, ecological, and institutional.
	Adaptive Management Insights and Future Directions The experience gained from the Trout Lake assisted migration yields several insights for adaptive management under climate change. First, it illustrates the importance of monitoring and feedback loops. Because Grand Portage had established clear metrics (like CPUE and temperature thresholds) and diligently monitored them, the Band was able to make timely decisions (initiate the  species  transition  at the right moment) and now continues to adjust strategy (maintaining walleye stocking upon finding low natural recruitment). This is textbook adaptive management: treat management actions as experiments, learn from outcomes, and refine approaches. Publishing and sharing these findings (as in this paper) is also important so that the broader community of leaders can learn what works and what challenges remain.
	Second, the project shows that climate adaptation in natural resource management may require transformative changes, not just incremental tweaks. In conservation, there can be reluctance to actively change species compositions or intervene strongly, but the reality of climate change may force such choices. Grand Portage’s willingness to attempt a transformation of the Trout Lake fish community is a form of climate innovation that other agencies might emulate when faced with irreversible environmental change. It’s important to document that this transformation did not lead to ecological collapse or significant negative consequences (so far), which can alleviate some fears about intervening. Of course, due diligence (risk assessment, using native species, etc.) is necessary to minimize unintended effects.
	Looking ahead, there are several future directions and questions that arise from this work:
	Achieving Walleye Sustainability: Grand Portage managers will need to decide how long and at what levels to continue stocking walleye and what threshold of success is acceptable. If natural reproduction remains absent, one path could be to manage Trout Lake as a “put-grow-take” walleye fishery indefinitely (continuing to stock juveniles that then grow and are harvested, but not expecting reproduction). Alternatively, they may experiment with methods to foster walleye reproduction (habitat enhancements or introducing more adults). The outcome will contribute knowledge on whether full self-sustainability is attainable in such adaptation scenarios or whether partial human support is an ongoing cost of adaptation.
	Climate Trajectory and Next Adaptation Phase: Climate models predict that northeastern Minnesota will continue to warm in coming decades  (McElwee et al. 2023).  If Trout Lake’s temperatures eventually exceed even the tolerance of walleye and perch (for instance, if summer hypolimnion temperatures consistently surpass 28 °C, as per the plan’s next threshold), the Band may face another decision point. The adaptation plan foresaw this, suggesting that if that threshold is crossed, the fish community might need to shift to even warmer-water species (e.g., northern pike or bass). This raises the  prospect  of  iterative  adaptation,  multiple
	stages of change as the climate continues to force ecosystems beyond new thresholds (Shultz et al. 2022). Grand Portage’s process is well-suited to this because it has defined trigger points and a menu of strategies. Future adaptation in Trout Lake or similar systems could include exploring species or techniques not traditionally used, potentially even assisted migration of non-local species (a controversial idea, but one that might be considered if native options are exhausted). For now, the cool-water assemblage of perch and walleye is holding, but vigilance is required as conditions evolve.
	Broader Ecosystem Health: While our focus was on fisheries, the Grand Portage adaptation plan is holistic. The success in Trout Lake can inspire confidence to tackle other sectors, for example, applying assisted migration concepts in forestry (introducing tree genotypes from warmer zones to Grand Portage forests) or in wildlife management (creating thermal refuges or management strategies to restore moose). Indeed, the plan has strategies like planting diverse tree species and enhancing wetland water storage to buffer droughts. Cross-sector synergies should be considered: the health of Trout Lake’s fish also depends on watershed conditions (land use, water inputs), so the Band’s efforts to restore wetlands and manage forests will indirectly benefit aquatic systems. The adaptation plan functions as a living document, and results like those from Trout Lake will feed back into updating that plan. The Band is likely to revise its climate strategies periodically (as noted by ongoing projects to update culverts, expand monitoring, etc.) using new data and successes/failures to continuously improve resilience.
	Knowledge Exchange and Leadership: Grand Portage’s work serves as a leading example for other      Indigenous      nations      and      rural communities confronting similar challenges. There is an opportunity for knowledge exchange through forums like the Native American Fish & Wildlife Society (NAFWS), Institute for Tribal Environmental Professionals (ITEP), and partnerships with academic researchers. Publishing case studies (such  as this  one)  in  peer-reviewed  outlets  is
	part of creating a record of Indigenous adaptation leadership. It helps shift the narrative from Indigenous peoples as victims of climate change to Indigenous peoples as innovators of solutions – a perspective echoed by many leaders and scholars in the climate justice arena. We recommend continued documentation of on-the-ground adaptation projects in Indian Country, as each case adds to the toolkit of practices that can be employed elsewhere. The Tribe’s collaboration with entities like the 1854 Treaty Authority and the University of Minnesota Climate Adaptation Partnership suggests a model where tribal knowledge drives the agenda and is supported by external scientific resources. This model could be expanded via co-stewardship agreements, where tribes have a formal role in guiding climate adaptation on federal or state-managed lands adjacent to reservations, reflecting the reality that ecosystems cross jurisdictions and climate change does not stop at political boundaries.
	The Grand Portage Band’s climate adaptation planning and the Trout Lake assisted migration project demonstrate a successful blend of Indigenous stewardship principles and scientific adaptation techniques. Climate adaptation by Indigenous nations increasingly includes culturally grounded restoration and forest-water decisions reflecting ecosystem stewardship principles (Voggesser et al. 2013). The project maintained the community’s access to fish, respected and utilized native biodiversity (albeit in a novel configuration), and increased the resilience of a local ecosystem to climate warming. It showcases how a tribal nation can exercise sovereignty to address climate injustices, ensuring that their future generations can continue to live off the land as their ancestors did, albeit with different species and strategies adapted for a new climate reality. As climate change accelerates, such examples of nimble, culturally grounded resource management will become ever more  important.  Grand Portage’s experience offers hope and guidance: through careful planning, respect for both tradition and science, and courageous adaptive actions, Indigenous communities can lead the way in healing and protecting our environments in the face of unprecedented change.
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	Abstract Chronic wasting disease (CWD) is a fatal prion disease of cervids that has spread across much of North America and has recently become a global concern. Although CWD typically emerges gradually in new geographic regions, some areas experience rapid increases in prevalence for reasons that remain unclear. Herein, we describe the establishment of CWD in a mule deer (Odocoileus hemionus) population in the eastern portion of the Wind River Basin, WY, USA, where CWD prevalence in adult males (n=249) increased from 0% to 63% within a decade. We provide historical context, including a description of regional anthropogenic changes, and examine the epizootic’s impact on deer survival and hunting. From 2023 to 2025, we captured and monitored 96 adult mule deer. Annual survival was low: 0.38 for adult males (n=21) and 0.53 for adult females (n=75). Before CWD detection in 2012, mean hunter success was 72% (2000 to 2011). After detection, hunter success declined to 30% in 2022. We propose three hypotheses to explain the rapid rise in CWD prevalence, including food hotspots created by agriculture, increased agricultural dependency due to habitat degradation, and declining migratory behavior. Our case study highlights the potential effects of CWD and provides insights into possible drivers of transmission, to support more targeted management.

	Introduction Across many taxonomic groups, epizootics in wildlife have caused catastrophic population declines (Lachish et al., 2007; Frick et al., 2010), suppressed reestablishment (Manlove et al., 2016; Lazenby et al., 2018), and reduced biodiversity (Daszak et al., 2000; Fisher et al., 2012). For instance, white-nose syndrome caused regional bat populations to decline by greater than 75% within two years of initial detection (Blehert et al., 2009), and chytridiomycosis has resulted in loss of amphibian biodiversity (Scheele et al. 2019). Such disease-driven declines in wildlife also incur substantial economic (Chiavacci, 2022), ecological (Skerratt et al., 2007; Hoyt et al., 2021), and cultural (Maraud and Roturier, 2021) costs.
	Infectious diseases are difficult to detect and monitor in wildlife because surveillance options are often  limited and clinical signs initially can be subtle
	or absent (Ryser-Degiorgis, 2013). As a result, disease emergence often appears to arise suddenly due to undetected initial spread. Often, the discovery of multiple carcasses is the first indication of an epizootic in wildlife (Blehert et al., 2009), and the factors influencing force of infection are typically unknown (Becker et al., 2023; Eby et al., 2023). Consequently, wildlife managers must respond quickly and with limited knowledge, often relying on insights from other systems to guide control and management decisions (Grant et al., 2017). Describing the nature of each outbreak can provide managers with crucial information for future and ongoing disease outbreaks.
	Chronic wasting disease (CWD) is a transmissible spongiform encephalopathy of cervids that is spreading through North America and northern Europe (Williams and Young, 1980; Benestad et al., 2016; Tranulis et al., 2021). Caused by prions, which

	are misfolded isoforms of the host cellular prion protein (Williams and Young, 1980; Zabel and Ortega, 2017), CWD can be transmitted horizontally through direct contact and through contact with fomites (objects that can carry and spread infectious agents) and contaminated environments (Mathiason et al., 2009). Prions are shed in the saliva, feces, urine, and other excretions of infected animals and can remain infectious for years to decades in the environment (Miller et al., 2000; Mathiason et al., 2009). CWD is characterized by a long incubation period typically lasting 1-2 years (Williams, 2005; Fox et al., 2006). Because identification of infected individuals is difficult and the gold standard testing is performed postmortem, CWD can be a challenging disease to monitor and predict (Spraker et al., 2006; Thomsen et al., 2012).
	In free-ranging deer populations, CWD tends to spread slowly at first, often reaching endemic status years after initial detection (Samuel, 2023; Smolko et al., 2021). Low prevalence often persists for the first decade or more after introduction (Miller et al., 2000). As the number of infectious hosts and environmental reservoirs increase over time, prevalence increases. Typically, the prevalence of CWD increases within the first 5–10 years of emergence, followed by relative stabilization approximately 15 years post-introduction (Miller and Conner, 2005; Samuel, 2023). In free-ranging deer populations, prevalence rarely exceeds 45% (Smolko et al., 2021).
	Figure 1. Mule deer movements for long-distance migrants (n=21; purple), short-distance migrants (n=11; green), and resident (n=52; orange) mule deer in the Wind River Basin, WY, USA from 2023 to 2025 (Basemap from Esri, TomTom, Garmin, FAO, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Community, Esri CGIAR, USGS, Esri, Earthstar Geographics). The primary study area, where chronic wasting disease (CWD) prevalence is highest, is outlined by the black square (Wyoming Game and Fish Department, 2024). The image on the right shows four mule deer in an alfalfa field adjacent to sagebrush-steppe habitat (Photograph by Tucker Russell, University of Wyoming, 2024).
	Figure 2. Logistic regression model predicting chronic wasting disease (CWD) prevalence as a function of year and sex for hunter-harvested (A) adult (≥ 2 years old) mule deer (n=591; 354 males, 237 females) and (B) adult (≥ 2 years old) white-tailed deer (n=607; 366 males, 241 females) from 2003 to 2023 in the Wind River Basin, Wyoming, USA (Wyoming Game and Fish Department, unpublished data). Solid lines represent predicted prevalence, and shaded gray areas indicate 95% confidence intervals. Bubbles depict apparent prevalence values, and their size corresponds to the sample size for each year and sex combination. In 2016, CWD prevalence in male mule deer was reported as 100%, however, this estimate is based on only two samples and is not representative of the overall population.
	Herein, we describe CWD in free-ranging mule deer (Odocoileus hemionus) in the Wind River Basin of Wyoming (USA) where prevalence in the eastern portion of the basin near agricultural lands increased from 0% to 63% within a decade (Figure 1). CWD was first detected in this region by the Wyoming Game and Fish Department in two female mule deer in 2012 (Figure 2A), and subsequent detections initially remained infrequent (Wyoming Game and Fish Department, unpublished data). Prior to 2016, CWD prevalence in adult males was 0% (95% CI = [0%, 3%]; n=105) (Wyoming Game and Fish Department, unpublished data). From 2016 to 2023, prevalence drastically increased, reaching a peak of 79% in adult males in 2021, which is among the highest documented CWD prevalences in free-ranging cervids in North America (Appendix E, Table E1). In sympatric white-tailed deer (Odocoileus virginianus), CWD prevalence in adult (≥ 2 years old) males is 30% (95% CI = [25%, 35%]; n=322) based on surveillance conducted from 2016-2023 (Wyoming Game and Fish Department, unpublished data).
	The rapid rise in prevalence in this region is concerning because CWD can result in reduced individual survival (Edmunds et al., 2016; DeVivo et al., 2017; Miller et al., 2008), modeled population declines (Foley et al., 2016), and reduced hunter opportunity and participation (Needham et al., 2004). To better understand the impacts of CWD in the Wind River Basin, we conducted a 3-year longitudinal study to monitor mule deer movement and survival. We applied real-time quaking induced conversion (RT-QuIC) (Wilham et al., 2010) – a prion amplification assay – to infer antemortem CWD status using fecal samples, and when possible, confirmed antemortem inferences with postmortem testing on the same individual using retropharyngeal lymph nodes and validated diagnostics. We also report on trends in hunter success rates and discuss the threat that CWD poses to cultural and societal traditions for both the Eastern Shoshone Tribe of the Wind River Reservation and Northern Arapaho Tribe of the Wind River Reservation and non-tribal inhabitants of the Wind River Basin. Finally, we discuss the history of the region, including the establishment of the Wind  River  Reservation,  and
	provide testable hypotheses about the drivers of high prevalence in this unique agroecosystem, suggesting that anthropogenic change can drastically influence CWD transmission dynamics. This case study illustrates the potential impacts of CWD on cervid populations and hunting, while also contributing to a greater mechanistic understanding of CWD spread.
	Study Site Located in west central Wyoming, the Wind River Basin (7,892 km2) is characterized by a cold and arid climate (Geiger, 1954). Precipitation varies along an elevational gradient, with low elevations (1,500 – 2,000 m) receiving less than 200 mm of precipitation annually and higher elevations (2,000 – 4,200 m) receiving between 200 and 600 mm of precipitation (McNeeley et al., 2018). Temperatures vary, with the mean monthly temperature ranging from -6.5℃ in January to 22.8℃ in July (climate data summarized between 1990 and 2024 from NOAA Online Weather Data, National Oceanic and Atmospheric Administration). Low elevation vegetation communities are composed of sagebrush (Artemesia spp.), desert shrublands (Chrysothamnus spp., Ericameria spp., and Glossopetalon spinescens), grasslands (Achnatherum spp., Agropyron spp., and Bouteloua spp.), and riparian areas (Salicaceae spp.). High elevation plant communities are typically composed of sagebrush, coniferous (Pinaceae spp.) and aspen forests (Populus tremuloides), and herbaceous meadows.
	Today, low elevations also include a mix of irrigated agricultural lands. The Wind River Basin encompasses the Wind River Reservation, which was formed in 1868 and is the seventh largest reservation in the United States (Treaty with the Eastern Band Shoshoni and Bannock, 1868; Native Lands Advocacy Project, 2019). Throughout the early years of the reservation, both Tribes struggled to adapt to a sedentary agricultural lifestyle in the arid basin, a sharp contrast from their historic nomadic lifestyle focused on seasonal movement and reliance upon wildlife. These struggles were compounded by the loss of wild game (Treaty with the Eastern Shoshoni, 1863), declining rations and resources (Trenholm and Carley, 1964) - that were outlined in the treaty between the United States and Eastern Band Shoshoni and Bannock (Treaty with the  Eastern  Band  Shoshoni and Bannock, 1868)  -
	and infectious diseases such as diphtheria, influenza, and measles (Stamm, 1999; O’Gara, 2002). Eventually, to support struggling tribal members, both Tribes agreed to sell a large portion of the reservation for $60,000 USD in 1896 (Kappler, 1904; O’Gara, 2002). Nonetheless, the money from this land transaction was only a temporary fix, and in 1905 the United States proposed the McLaughlin Agreement which included the sale of tribal land North of the Wind River for monetary compensation intended to support infrastructure development, such as irrigation systems, livestock programs, schools, and water rights for tribal members (Kappler, 1904; O’Gara, 2002). This pivotal agreement paved the way for agricultural development throughout the Wind River Basin.
	In the years that followed, a vast network of dams and irrigation systems were constructed and low elevation shrublands were converted into irrigated agriculture fields (Wind River Intertribal Council, 2018). Development predominately occurred near major rivers and streams (for water transport) in gently rolling or flat areas. Meanwhile, sagebrush hills with steep bluffs, which are not conducive to irrigation, remained undeveloped (Wind River Intertribal Council, 2018). Today, agriculture comprises roughly 13.6% of mule deer winter range within the study area (derived from 30 m by 30 m Cropland Data Layer 2021; Copenhaver et al., 2021). In 2022, the primary crops produced included alfalfa (Medicago sativa), grass hay (Graminoids; for hay and haylage), barley (Hordeum vulgare), corn (Zea mays; for grain and silage), and sugar beets (Beta vulgaris) (United States Department of Agriculture Census of Agriculture, 2022). Along with the expansion of agricultural crops came the introduction of invasive plant species to natural habitats. Russian olive (Elaeagnus angustifolia) and salt cedar (Tamarix ramosissima), which were introduced to reduce soil erosion (Everitt, 1980; Lesica and Miles, 2001), are now common throughout riparian areas and outcompete native woody plants like willows (Salicaceae) and cottonwoods (Salicaceae) (Robinson, 1965; Lesica and Miles, 2001). Cheatgrass (Bromus tectorum) is also common in the area and contributes to declining sagebrush shrublands by outcompeting native plants (Rafferty and Young, 2002) and increasing fire frequency (Brooks et al., 2004), to which native sagebrush shrublands are not adapted (Eiswerth et al., 2009).
	In addition to encroaching invasive plant species, livestock and feral horse grazing is common throughout the area, with little protection of low-elevation shrublands.
	The combination of vast shrublands and low precipitation, particularly in winter, makes the Wind River Basin ideal winter range for ungulates that migrate from high elevation summer ranges, where better forage is available, to escape deep snow in the winter (Kauffman et al., 2021). Therefore, both resident (i.e., residing at low elevation for the entire year) and migratory (i.e., encompassing distinct seasonal ranges) mule deer inhabit the lower elevations of the study area, particularly during the winter. With the onset of spring, migratory deer begin seasonal migrations to high elevation summer ranges, and only the resident animals remain.
	Methods Mule deer capture and monitoring To assess the impacts of CWD in the Wind River Basin, we used helicopter net-gunning to capture adult male (n=21) and female (n=75) mule deer during February in 2023 and 2024. All animal handling was approved by the Wyoming Game and Fish Department’s Animal Care and Use Committee (22-04; Chapter 33 Permit 33-1412). We collected biological samples, including blood, hair, feces, nasal swabs, and 6 mm diameter ear punch biopsies. Each deer was fitted with a standard GPS collar (TGW-4577-4, TGW-4577-5, and RECON-4560-4, Telonics, Mesa, AZ, USA) or a camera GPS collar (VERTEX PLUS, VECTRONIC Aerospace, Berlin, Germany) that recorded locations at 2-hour intervals.
	Movement analyses We removed all GPS locations within two days of capture along with those that were transmitted on or after the mortality date. We then classified deer as migrant or resident by plotting net squared displacement (Merkle et al., 2022). Migrants traveling more than 30 km from winter range were operationally categorized as long-distance migrants, and those traveling less than 30 km were classified as short-distance migrants. To summarize general habitat use, we extracted land cover (derived from the National Land Cover Database, at 30 meters by 30 meters; Dewitz, 2023) at each GPS location.
	CWD testing To infer antemortem CWD status, we used RT-QuIC to test fecal samples collected at capture for the presence of CWD prions (see Appendix A). Upon death, when possible, we collected a CWD sample (e.g., retropharyngeal lymph node, obex, or tonsil) for postmortem diagnostic testing via ELISA (Hibler et al., 2003). All postmortem testing was conducted at the Wyoming Game and Fish Department Wildlife Health Lab, Laramie, WY, USA.
	Survival estimation   To estimate annual survival, we fit Kaplan-Meier survival curves using the survfit function in the survival package in R version 4.4.1 (R Core Team, 2021). We estimated annual survival between March 1 and February 28 for each capture year. Monitoring duration (days) was calculated as the difference between the start date (March 1) and the last recorded date. We omitted two deer from analysis because they died prior to March 1. We also omitted two capture-related mortalities. Of the remaining deer, no mortalities were recorded within three weeks post-capture - the period when helicopter net-gunning capture is known to reduce survival of adult mule deer (Van de Kerk et al., 2020). Deer not monitored for a full 365 days due to collar malfunctions (e.g., collar falling off) were right-censored. We estimated annual survival for all deer and stratified by sex and antemortem CWD detection status. To compare Kaplan-Meier survival curves between groups, we performed log-rank tests (Pollock et al., 1989) using the survdiff function in R version 4.4.1 (R Core Team, 2021).
	Assessment of hunter success To better understand the impacts of CWD on hunter harvest, we reviewed and summarized harvest data available through Wyoming Game and Fish Department’s Job Completion Reports (https://wgfd.wyo.gov/hunting-trapping/job-completion-reports). We calculated hunter success by dividing the total number of harvested deer by the total number of active hunting licenses (number of hunters that participated).
	Results Mule deer movement behaviors During February of 2023 and 2024, we captured  n = 21 adult male and n = 75 adult female mule deer. In this study, we found that 21 mule deer were long-distance migrants, 11 deer were short-distance migrants, and 52 were residents. We did not classify the 12 deer that died prior to June 1 of the year they were collared, because they were unable to begin migration. We found that migratory deer mainly occupied sagebrush shrublands, riparian areas, and forests. However, there were differences in habitat use by migrants based on the distance traveled during migration. Long distance migrants spent less time on average in agricultural fields (1.9%) than short distance migrants (15.3%, p=0.03, unpaired T-test). Both short and long-distance migrants spent less time on average in agricultural fields than resident deer (29.1%, p=0.002 and p<0.0001, respectively, unpaired T-test; Appendix B, Figure B1).
	Mule deer survival We right-censored 4 male and 1 female mule deer due to collar malfunctions. The annual survival was 0.38 for adult male mule deer (95% CI = [0.20,  0.74]; n=21) and 0.53 for adult female mule deer (95% CI = [0.42, 0.66]; n=75), which is lower than other herds in Wyoming with high CWD prevalence (DeVivo et al., 2017). In other populations of mule deer across their range, adult female survival is typically around 0.85 (SE = 0.011; Unsworth et al., 1999) and adult male survival is around 0.52 (SD = 0.14;  Pac and White,  2007).  Among  collared  deer
	that died during our study, where a postmortem CWD sample was available (n=36), 26 (72%) were positive for CWD on postmortem ELISA testing. Mule deer that had CWD detected at the time of capture (using RT-QuIC, Appendix A) had a lower annual survival (0.27, 95% CI = [0.14, 0.54]; n=25; Figure 3B) than deer without CWD detected (0.69, 95% CI = [0.56, 0.85]; n=46; χ2 = 13, df = 1, p < 0.001; Figure 3B), demonstrating that when CWD is detected antemortem, most individuals die within a year. After accounting for sex, differences in survival between captured deer with and without CWD remained significant (χ² = 11.3, df = 1, p < 0.001; Figure 3C). Five out of 12 deer in which CWD was not detected at the time of capture tested positive at the time of death (mean of 289 days [SE = 58] since capture).
	Trends in hunter success In the Wind River Basin, hunting is regulated by the Eastern Shoshone and Northern Arapaho Tribal Fish and Game on tribal lands (Eastern Shoshone and Northern Arapaho Law & Order Code, Title XVI, § 16-2-2, 2004) and by the Wyoming Game and Fish Department on non-tribal lands (Wyoming Game and Fish Department, 2025). Mule deer harvest is regulated by season duration, which typically occurs throughout October and November, and by limited quota tag allocation (e.g., a random draw with a set number of tags) (Shoshone and Arapaho Tribes Fish & Game Department, 2025 & Wyoming Game and Fish Department, 2025).  Prior to documented  increases
	Figure 3. Kaplan-Meier annual survival curves for (A) all monitored mule deer with an estimated survival of 0.50 (95% CI = [0.42, 0.62]; n=96), and (B) deer where chronic wasting disease (CWD) was not detected at capture (n=46; blue line) compared to those where CWD was detected (n=25; red line), and (C) deer separated by sex and detection status in the Wind River Basin, Wyoming, USA, from 2023 to 2025. Shaded areas represent 95% confidence intervals.
	Figure 4. The total number of active mule deer licenses (A) hunter harvest success (B) and harvest per day (C) of mule deer in the Wind River Basin, WY, USA from 2000 to 2023 (Wyoming Game and Fish Department, unpublished data). Shaded areas depict increases in tag allocation to reduce deer population (2010 – 2012) and decreases in tag allocation to increase hunter harvest success (2019 – 2023). Black vertical dotted lines represent when chronic wasting disease (CWD) was first detected, and orange vertical dotted lines represent when CWD exceeded 50% prevalence for mule deer.
	in CWD prevalence in the Wind River Basin, the Wyoming Game and Fish Department increased tag allocation in 2010 – 2012 in response to landowner reports of excess deer numbers (Wyoming Game and Fish Department, Job Completion Report, 2021). Increased tag allocation was short lived because the number of allocated tags was reduced after 2012 to increase hunter success (Figure 4A). Concurrent with decreasing tag allocation, CWD prevalence in the region began to increase, and hunter success declined (Figure 4B). Since 2019, hunter success has remained below 50%, reaching a low of 30% in 2022, and is notably lower than pre-epizootic levels (Figure 4B) (Wyoming Game and Fish Job Completion Report, 2023).
	Discussion The trajectory of CWD is often considered slow, with effects perceived primarily as economic (i.e., from reduced hunting license sales) as opposed to ecological (Chiavacci, 2022). However, our case study demonstrates the upper bound of pace and severity of a CWD epizootic which can inform and guide future management and research. Our results indicate that CWD reduces mule deer survival, with positive deer (tested using RT-QuIC) rarely surviving over a year, suggesting that CWD may be driving population declines in parts of Wind River Basin. These findings support previous work documenting CWD as the most common cause of death in some populations (Barrile et al., 2024), demonstrating reduced survival in deer populations affected by CWD (Edmunds et al., 2016; DeVivo et al., 2017).
	The high prevalence of CWD, a declining deer population, and reduced harvest success in the eastern portion of the Wind River Basin may affect hunting, which is an important cultural tradition for both Eastern Shoshone and Northern Arapaho Tribes, as well as non-tribal hunters (Smith, 2010). For instance, research across eight states found that at 50% prevalence of CWD throughout the state, hunter participation was reduced by 49% (Needham et al., 2004). At lower CWD prevalence, however, hunter participation was only slightly reduced (Needham et al., 2004), and the decrease in participation was most notable immediately following initial detection (Erickson et al., 2019). Declines in hunter participation may reduce the economic impact of hunters, who in 2020 contributed 339.2 million USD to Wyoming’s economy, including 31 million USD in state and local taxes (Southwick Associates, 2020). In addition, declines in hunter success and participation could contribute to the difficulty of managing CWD in the Wind River Basin because reduced hunter harvest decreases population control and removal of infected cervids. Furthermore, reduced hunter participation and the declining availability of deer can decrease food availability, especially for tribal members for whom wild game is an important food resource. For example, in some Indigenous communities, wild game comprises upwards of 73% of food intake (Tait, 2001). In other communities, harvesting wild game is a common practice; for example, upwards of 92% of Alaskan households harvest wild game (Alaska  Department  of  Fish  and  Game,  ADFG,
	2010). CWD threatens the sustainability of mule deer harvest and may reduce access to a critical food resource for tribal and non-tribal members. Loss of this resource may have a rippling effect: reducing food sovereignty and security and eliminating important outdoor recreation opportunities.
	The difference in prevalence in mule deer compared to white-tailed deer in the Wind River Basin (Figure 2) is notable, and the driver of higher prevalence in mule deer is unknown. In a limited number of studies reporting prevalence in both species, higher prevalence in mule deer is a consistent trend (Miller at al., 2000, DeVivo et al., 2017). Apparent CWD prevalence in white-tailed deer could be influenced by lower sampling intensity, particularly in earlier years (before 2019), when only 50 samples were collected in adult males (Appendix F, Table F1). Since 2019, however, sampling efforts for mule deer and white-tailed deer are comparable, making it unlikely that sampling differences alone account for the large differences in CWD prevalence. The amount of transmission across host species is unknown, but the available evidence does not suggest that white-tailed deer are driving the high prevalence observed in mule deer in this region.
	This pattern indicates that transmission dynamics may be at least partially decoupled across species, though potential interactions between white-tailed deer and mule deer remain relevant for deer management and CWD control efforts. The higher prevalence in males as compared to females has also been observed in other populations (Rogers et al., 2022), and the underlying mechanism remains poorly understood.
	Potential drivers of CWD transmission in the Wind River Basin We propose three non-mutually exclusive hypotheses (Table 1) to help explain the rapid rise in CWD prevalence in this population of mule deer. Possible drivers include agricultural food subsidies (e.g., the food resources provided by agriculture operations), degradation of natural habitats, and declining migratory behavior. These drivers are reported from other systems in which CWD prevalence is high, such that the mechanisms described below are plausible contributors to the epizootic and represent possible lines of future inquiry. Future studies could be designed to test these hypotheses and how they interact with each other.
	Table 1. Hypothesized explanations for rapid increase and high prevalence of chronic wasting disease (CWD) of mule deer in the Wind River Basin, WY, USA.
	Land use changes, such as agricultural development, can influence deer habitat use and are associated with increased CWD prevalence (Foley et al., 2016). Throughout the growing season, agricultural lands produce dense patches of high-quality forage that can attract deer (Carrollo et al., 2017; Hellesto et al., 2025). The dense nature of these resources can increase the likelihood of direct and indirect interactions between deer, increasing the risk of CWD transmission (Mysterud et al., 2021). Indeed, close interactions between mule deer were strongly associated with cropland habitats in southern Saskatchewan, Canada where CWD prevalence in male mule deer exceeded 70% (2020 - 2024) (Silbernagel et al., 2011; Kuznetsova et al., 2024). Even during the non-growing season, harvested crops such as alfalfa and corn are stored in stackyards and are often readily accessible to deer. Stored crops are highly concentrated food resources that again attract and congregate deer, which can increase direct transmission of CWD (Mejía‐Salazar et al., 2018; Mysterud et al., 2021). Camera trap analyses demonstrated that mule deer frequently visit grain sources, accessing them 2.5 – 6.4 times more than other revisited sites like waterholes and salt licks (Mejía‐Salazar et al., 2018). In addition, these crops are often stored in the same location (i.e., stack yard or silage pit) year-to-year, potentially allowing environmental contamination of CWD to build over time (Mathiason et al., 2009; Plummer et al., 2018). Because agricultural food subsidies require minimal search time and are of high-quality, these resources may be especially important for deer during clinical stages of CWD, when neurological function is impaired and body condition is declining. By concentrating infected and non-infected individuals, agricultural lands potentially facilitate CWD transmission through both direct and indirect pathways, and the historical expansion of agriculture in the Wind River Basin could be contributing to high CWD prevalence.
	Although agricultural resources may increase the risk of CWD transmission, they provide nutritious forage, particularly in landscapes where surrounding natural habitats have been degraded by invasive plant species (Eiswerth et al., 2009) and heavy grazing by livestock (Beck and Mitchell, 2000) and feral horses (Davies et al., 2014). Based on data provided by the rangeland analysis platform in the Wind River Basin, bare ground cover averages 31% (1986 – 2024)   and annual grass cover averages  4%
	(1986 – 2024) (Allred et al., 2021). Nonetheless, annual grass cover is increasing and there are many areas with annual grass cover exceeding 26%, a level at which native plant communities are adversely impacted (Mealor, 2013). Cheatgrass invasion can degrade sagebrush habitats (Eiswerth et al., 2009) by outcompeting native perennial grasses and forbs (Rafferty and Young, 2002), which are an important food resource for mule deer. Cheatgrass has a brief green-up period and senesces shortly thereafter, providing little forage for mule deer (Ganskopp and Bohnert, 2001). Indeed, recent research demonstrates that mule deer in Wyoming start avoiding areas where invasive annual grasses exceed 10-14% cover and strongly avoid areas where cover exceeds 20% (Smith et al., 2025). Forage quality and availability is further reduced through extensive grazing by livestock and feral horses. Livestock grazing can reduce forage (Chaikina and Ruckstuhl, 2006) and cover habitat (woody shrubs or riparian trees) (Loft et al., 1987), and alter plant communities (Krausman et al., 2009). Indeed, mule deer avoid areas that have been heavily grazed by livestock (McIntosh, 1981). Feral horse grazing also has profound impacts on forage availability by degrading sagebrush habitats (Davies et al., 2014) and decreasing perennial grasses (Beever et al., 2008). Feral horses can suppress sagebrush and perennial grass abundance, which favors establishment of invasive annual grasses like cheatgrass (Davies and Boyd, 2019). In 2023 and 2024, 7,602 feral horses were removed from the Wind River Basin (Eastern Shoshone and Northern Arapaho Tribes, 2024), highlighting their abundance and likely influence on this marginally productive landscape. The degradation of landscapes through invasive species introduction and extensive grazing increases mule deer reliance upon agricultural resources, which may increase the risk of CWD transmission.
	The contemporaneous expansion of irrigated agriculture and loss of low elevation native habitats that typically serve as ungulate winter range can alter migratory behavior by providing food subsidies and potentially increasing CWD exposure. In partially migratory herds, where both resident and migratory animals exist, the decision to migrate and the long-term success of each strategy is influenced, in part, by the quality and availability of resources (Eggeman et al., 2016; Berg et al., 2019; Barker et al.,  2019a).   Consequently,  alterations  in   resource
	quality and availability, such as supplemental food or agricultural food subsidies, can influence migratory behavior (Peterson and Messmer, 2007; Middleton et al., 2013; Jones et al., 2014). For example, irrigated fields provide high quality forage for elk (Cervus canadensis) throughout the year (Barker et al., 2019b) and the presence of agriculture on elk winter range reduced the likelihood of migrating by 54% (Barker et al., 2019a). In these cases, an increasing number of animals remain on winter range throughout the year, and local densities therefore remain high (Monteith et al., 2011), effectively enhancing the likelihood of disease transmission (Miller and Conner, 2005). When there are multiple migratory segments of the population, the duration of elevated density on winter range is reduced (Sawyer et al., 2016), and overall risk of environmental contamination at any given location is lower. Agriculture and other development also introduce multiple barriers to migration including fences (Xu et al., 2021), roadways (Robb et al., 2022), and housing development (Wyckoff et al., 2018), increasing the costs of migration and reducing the number of migratory animals over the long-term. Increasing costs to migration and the presence of agricultural subsidies on winter range may be causing declines in the proportion of the population that migrates, increasing local deer density and ultimately increasing the risk of CWD transmission.
	There are, however, additional factors that may contribute to CWD prevalence trends within the region. Surveillance has increased over time in the Wind River Basin (see Appendix F, Table F1) such that it is unclear when CWD was introduced to the region. However, prior to 2016 there were 105 adult male mule deer tested for CWD with no detections. The estimated prevalence for this timespan was 0% to 3%, suggesting that increases in CWD prevalence are not explained by changes in sampling over time. RT-QuIC is an experimental assay, and the testing of fecal samples is not expected to yield perfect sensitivity (Tennant et al., 2020), which could bias our survival analyses. However, only five deer in which CWD was not detected at the time of capture tested positive for CWD at the time of death, indicating that our antemortem inferences identified most positive deer. One false positive (i.e., deer with positive antemortem results and negative postmortem results) was identified and results were corrected to  match  the postmortem  ELISA result.
	Lastly, survival estimates are sensitive to when CWD can be detected antemortem via RT-QuIC. If antemortem detection occurs later in the disease course, survival estimates may be lowered; therefore, refinement of the assay to detect CWD earlier could result in higher survival estimates for deer with CWD.
	Management Implications The management of CWD is complex and multifaceted, with limited options available. To date, there are no effective therapeutics or vaccines. Most management seeks to reduce CWD prevalence by either removing infectious individuals through targeted culling or reducing density through hunter harvest (Manjerovic et al., 2014; Conner et al., 2021; Moss et al., 2025). Both techniques can be used to target segments of the population that are most affected by CWD. For instance, increasing harvest of adult bucks throughout the breeding season in areas with low CWD prevalence (< 5%) can maintain low CWD prevalence (Connor et al., 2021). Further, increased male harvest can reduce CWD prevalence in adult males when conducted over extended periods (20 years), and to a lesser degree over short periods of time (3 years; Moss et al., 2025).
	In response to CWD in the Wind River Basin, our work suggests three possible management interventions that may address hypothesized drivers of CWD transmission (Table 1). For instance, if concentrated food sites such as haystacks and silage pits are driving transmission, managers could consider fences that prevent deer from accessing these sites, reducing both CWD transmission and crop damage, which can be costly to farmers and ranchers (Austin et al., 1998; Johnson et al., 2014). Fencing can cost $10 to greater than $20 per meter (VerCauteren et al., 2006) and must be built to allow for day-to-day farming practices (i.e., providing ample space for maneuvering large machinery, storage space, or functional gates). If CWD transmission is influenced by agriculture more generally, and resident deer experience an increased risk of CWD transmission compared to migratory deer, then managers could implement hunting seasons to target the resident population, by introducing earlier start dates and end dates to the season (i.e., harvesting mule deer prior to the return to winter range). In addition, maintaining existing migration    corridors    through    wildlife    friendly
	fencing, roadway infrastructure (e.g., road crossing), and limiting development within corridors can reduce costs to migrating deer (Kauffman et al., 2021). Many migration corridors move through private working lands, which do not fall under protections conveyed by state and federal policy, therefore, encouraging and incentivizing conservation of migration corridors on private land could help maintain these critical habitats (Middleton et al., 2020). Finally, if lack of native habitat is concentrating deer and increasing transmission, managers could consider treating invasive annuals, removal of feral horses, or incentivizing ranchers to reduce offtake by their herds and leave more native forage for mule deer. Management actions could follow an adaptive process by regularly reviewing objectives, establishing tests and controls, periodically assessing efficacy of actions. Adaptive management promotes knowledge gain, allowing for refinement of decisions and management interventions.
	Conclusion and Science Directions Agroecosystems are prevalent throughout much of North America and are among the largest biomes on Earth, encompassing 40% of total land cover (Foley et al., 2005). These areas provide high-quality food resources (Barker et al., 2019b) and maintain open and connected habitats for wildlife that require vast landscapes for survival (Middleton et al., 2020). Yet, agricultural lands can alter animal movement behavior and habitat use, mainly by concentrating animals at locally high densities. The expansion of agriculture in the eastern portion of the Wind River Basin following the 1905 McLaughlin Agreement may have reduced migration by providing food subsidies throughout the driest months when animals would otherwise have migrated to high elevations. Resident animals heavily rely on agricultural food subsidies (see Appendix B, Figure B1), perhaps due to the arid nature of the area or because the spread of invasive plant species and excessive grazing have drastically reduced the quality and availability of natural food resources. Ultimately, agricultural lands may serve as an ecological trap, by providing food resources but also increasing the risk of exposure to infectious diseases such as CWD (Leach et al., 2016; Wagler et al., 2025).
	Our case study highlights factors that managers and researchers may consider and details potential  effects of CWD in the Wind River Basin. Our detailed case summary and historical perspective can be leveraged by tribal and non-tribal land and wildlife managers to provide justification for an early and aggressive response. Managers can also consider whether our posited hypotheses are applicable in their regions and potentially use this study to educate the public about the implementation of management actions that reduce CWD impacts. Although some of the risk factors we have identified in the Wind River Basin are unique, others are common to other areas, including Native American reservation lands, and other Indigenous lands where CWD is beginning to establish. Therefore, applying our proposed hypotheses to other disease systems will enhance our understanding of the dynamics of epizootics in wildlife more broadly.
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	To determine antemortem CWD detection, we used a Mann-Whitney T-test to compare mean fluorescence values for each sample to the negative plate control (Tennant et al., 2020). Samples with a significantly different mean fluorescence (p < 0.05) were considered to have CWD detected and those that did not have a significantly different mean fluorescence (p > 0.05) were considered to have CWD not detected. RT-QuIC has been used previously to detect CWD in cervid feces (Tennant et al., 2020); however, its use as an antemortem assay is a novel application and can produce false positive and negative results. We identified one false positive in our study (i.e., deer with both antemortem and postmortem samples where CWD was detected antemortem but not postmortem) and corrected the antemortem status to match the postmortem result. Although false positives were uncommon in our dataset (n = 1/7, estimated 85.71% specificity), we were unable to account for the possibility of false negatives in our dataset because the antemortem testing was performed weeks or months prior to the postmortem testing. Further, fecal shedding may be inconsistent, and a negative result could therefore indicate either a truly negative animal, a positive animal that was not accurately classified by the assay (i.e., false negative), or a positive animal that was not shedding at the time of sampling.
	Postmortem ELISA testing: Postmortem CWD testing by ELISA (Hibler et al., 2003) on retropharyngeal lymph nodes for n=36 deer was performed at the Wyoming Game and Fish Department’s Wildlife Health Laboratory. We were unable to determine postmortem CWD status for twenty deer because samples were unavailable at the time of collection due to scavenging and decomposition.
	Appendix B. Mule deer habitat use.   To assess habitat use, we extracted land cover values (derived from National Land Cover Database 2019, at 30 meters by 30 meters resolution; Dewitz, 2023) at each GPS location using the terra package in R version 4.4.1 (R Core Team, 2021). We then determined the proportion of GPS points within each land cover classification. To determine habitat use by migratory status, we calculated the mean proportion of GPS points for each land cover classification by migratory status (long-distance migrants, short-distance migrants, and residents).
	Figure B1. Mean proportion of time spent by mule deer in each land cover (from the National Land Cover Database; Dewitz, 2023) classified by migratory distance (resident, short-distance, long-distance). Circles represent mean proportions, with bars depicting 95% confidence intervals. Purple circles denote long-distance migrants (n=21), green circles represent short-distance migrants (n=11), and orange circles indicate resident deer (n=52). We were unable to determine migratory distance for n=12 deer that died prior to being able to migrate. Long-distance migrants used shrubland, forested, and herbaceous habitats more frequently than resident deer. Both short-distance migrants and resident deer used agriculture habitats in a higher proportion than long-distance migrants.

	Appendix C. Kaplan-Meier plots.
	Figure C1. Kaplan-Meier annual survival curves of monitored mule deer (n=96) in the Wind River Basin, Wyoming, USA from 2023 to 2025. Red lines depict female survival (n=75), and blue lines depict male survival (n=21). We estimated annual survival from March 1 to February 28 for each capture year. Female mule deer had a higher annual survival than male mule deer, although these differences are not significant (χ2 = 1.3,df = 1, p = 0.3).

	Appendix D. Survival Tables. 
	Table D1. Summary of published annual survival estimates for western mule deer populations. For all populations, adult males had lower annual survival than adult females. Mule deer in the Wind River Basin had the lowest annual survival estimates for both sexes. Survival estimates were derived using Kaplan-Meier plots and Cox proportional hazard models.
	Table D2. Summary of published annual survival estimates by chronic wasting disease (CWD) status for mule deer and white-tailed deer populations in Wyoming, USA. Annual survival estimates were derived using Kaplan-Meier plots and Cox proportional hazard models. CWD prevalence estimates were derived from postmortem samples collected through hunter harvest and mortalities of monitored animals. Mule deer in the Wind River Basin, WY had the highest mean CWD prevalence. CWD positive deer had lower survival than CWD negative deer for both mule deer and white-tailed deer populations.

	Appendix E. CWD prevalence by published outbreaks.
	Table E1. Summary of published mean chronic wasting disease (CWD) prevalence estimates for western mule deer, white-tailed deer, and elk populations. Estimates are based on samples collected postmortem from hunter harvested and culled deer and elk. The highest mean recorded prevalence is 63% for adult male mule deer in the Wind River Basin, Wyoming. Generally, mule deer had higher mean prevalence estimates than both white-tailed deer and elk.

	Appendix F. CWD sampling in the Wind River Basin, WY.
	Table F1. The total number of chronic wasting disease (CWD) samples and total number of positive samples (in parentheses) for hunter harvested adult (≥ 2 years old) mule deer and white-tailed deer in the Wind River Basin, WY (Wyoming Game and Fish Department, unpublished data).
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	Abstract Agrivoltaics, the co-location of agricultural production and photovoltaic energy generation, offers a promising strategy to address food and energy insecurity through dual land use. This literature review examines the relevance of agrivoltaic systems to the Four Corners region of the Navajo Nation, where infrastructural, environmental, and political barriers pose significant challenges to sustainable development. Despite increasing global research on agrivoltaics, particularly in arid and semi-arid regions, there is a marked lack of scholarship focused on tribal lands and Indigenous communities. A systematic review of peer-reviewed literature using Google Scholar and ProQuest with search terms such as 'agrivoltaics', 'Four Corners region', and 'Navajo Nation' identified only 14 relevant articles, none of which directly investigate agrivoltaic implementation in this context. This limited academic coverage contrasts sharply with the region’s high solar potential and policy developments, including New Mexico’s Energy Transition Act (2019) and the USDA’s Powering Affordable Clean Energy Program (2025).  Not being satisfied with only 14 relevant articles, the search was expanded to the grey literature while also examining adjacent fields, including off-grid solar deployment, food insecurity interventions, and Indigenous nutrition initiatives. The analysis reinforces the need for community-led, culturally grounded research to guide agrivoltaic development tailored to the Navajo Nation. Future investigations should prioritize local governance, environmental justice, and scalability across tribal lands. Advancing agrivoltaics through Indigenous-centered frameworks could significantly contribute to food and energy sovereignty, climate adaptation, and sustainable development in the Four Corners region.

	Introduction Agricultural photovoltaics (agrivoltaics or AgV) is a dual-use land management strategy that integrates crop cultivation with photovoltaic (PV) energy generation (see Figure 1). This approach optimizes land use by enabling simultaneous food and energy production, a critical advantage in regions where land and water resources are limited (Schallenberg-Rodríguez et al., 2023; Schindele, 2021). In some cases, agrivoltaic systems have been shown to increase agricultural profitability and supply up to 30% of regional electricity demand (Schallenberg-Rodríguez et al., 2023).
	Figure 1. Aerial View of Jack’s Solar Garden. Note. A drone-captured image of an agrivoltaic system in Colorado, showcasing multiple crops cultivated in a row-oriented intercrop design. Photo by Aaron Bugaj.

	The effectiveness of agrivoltaic systems is closely tied to site-specific design, particularly in terms of solar panel spacing, tilt angle, and elevation, factors that directly influence both crop yields and solar power output (Toyoda et al., 2024). While partial shading may result in reduced maximum yields compared to unshaded conditions, PV panel coverage can improve overall yield stability and drought resilience by moderating microclimate conditions (Schweiger & Pataczek, 2023).
	Light distribution under PV arrays varies significantly by configuration and geography, making system optimization for different crops and climates a key area of ongoing research (Kwon et al., 2020; Zheng et al., 2024). Agrivoltaic systems have gained particular attention in arid and semi-arid regions for their water conservation capabilities. As demonstrated by the microclimatic effects beneath PV arrays, shading can significantly reduce evapotranspiration rates and help maintain soil moisture, critical benefits in drought-prone environments (Al-Agele, 2020; Barron-Gafford et al., 2019; Elamri et al., 2018; Möller & Assouline, 2006). Applications of AgV extend across open-field farming, greenhouse integration, aquaculture, and livestock systems, often incorporating innovative light-splitting or bifacial panel technologies to optimize both energy and plant productivity. Despite rapid growth in AgV adoption, especially in Europe and parts of Asia, design best practices for varied agroecological zones, particularly in Tribal Nations, remain underexplored (Gándara et al., 2022; Jo et al., 2022).
	This paper focuses on the application of agrivoltaic systems within the Four Corners region, encompassing Arizona, Utah, Colorado, and New Mexico within the Navajo Nation (see Figure 2). The study focuses on a region undergoing a major energy shift, where the closing of coal plants and the expansion of solar infrastructure are transforming energy independence. Implementing AgV in this area would boost both food and energy production and support the Navajo Nation’s long-term sustainability goals (Jacobs, 2021). These co-benefits make AgV a promising strategy for sustainable agriculture, especially for Indigenous communities seeking culturally and ecologically meaningful solutions to climate challenges. This paper is intended for tribal leaders, researchers, and policymakers    focused    on    Indigenous-centered
	sustainability. It aims to clarify current knowledge gaps and outline practical, culturally-grounded steps toward tribally-driven agrivoltaic development in the Four Corners region.
	Figure 2. Map of the Four Corners Region, Navajo Nation Boundaries, and San Juan River Watershed. Note. Map outline of the Four Corners region showing the overlap of Navajo Nation boundaries and the San Juan River watershed. The study area is located within the San Juan River Valley. The map is not to scale. Boundary data adapted from publicly available sources (artpictures.club, 2023; Uncover Colorado, 2023).
	Energy Transition in New Mexico and the Navajo Nation The Energy Transition Act (ETA) of 2019 mandated that New Mexico achieve 100% zero-carbon electricity by 2050, positioning the Four Corners region at the center of U.S. decarbonization policy efforts (Newlun et al., 2024). Section 16 of New Mexico Senate Bill 489 established the Energy Transition Indian Affairs Fund, the Energy Transition Economic Development Assistance Fund, the Energy Transition Displaced Worker Assistance Fund, and a Community Advisory Committee. These mechanisms were created within the state treasury and are administered by the New Mexico Indian Affairs, Economic Development, and Workforce Solutions Departments, in consultation with nations, tribes, and pueblos, to support communities affected by the closure of coal-fired power plants.
	The communities most directly impacted lie within a 100-mile radius of the San Juan Generating Station located in Waterflow, NM, which was New Mexico’s second-largest coal-fired power plant prior to its 2022 closure,. Affected areas in San Juan, McKinley, Sandoval, and Rio Arriba counties include the Navajo Nation and the Jicarilla Apache Nation (“Energy Transition Act,” n.d.). While the ETA has accelerated renewable energy deployment across the state, the retirement of coal-fired power plants has also produced significant economic disruption for the Navajo Nation, which has long depended on fossil fuel industries for employment and revenue (Gándara et al., 2022; Righetti et al., 2021).
	Despite possessing substantial solar energy potential (Sneezer, 2020), the Navajo Nation confronts a complex set of jurisdictional, historical, and infrastructural barriers to renewable energy development (Pasqualetti et al., 2016; Powell, 2017). Decades of fossil fuel extraction, including coal and uranium mining, have generated economic benefits while simultaneously contributing to environmental degradation, cultural disruption, and persistent health burdens within Navajo communities (Powell, 2017; Powell, 2018). Consequently, the concept of an “energy transition” in the Navajo Nation extends beyond a technical or economic challenge and is deeply embedded in questions of land rights, tribal sovereignty, and historical justice.
	Compounding these issues is the persistent lack of energy access. Roughly 15,000 Navajo households remain off the electrical grid, with electrification impeded  by   the  high   cost   of  extending   utility
	infrastructure across remote and rugged terrain (Singer, 2020). This is true even despite the geographic proximity of many Navajo communities to energy infrastructure, including high-voltage transmission lines and power plants serving urban centers, tribal residents often lack access to this electricity (Funding Updates, n.d.). In response, distributed solar solutions have emerged as a viable alternative. A study of 127 Navajo households using standardized 3.8 kW off-grid PV systems showed average daily energy use at 2.78 kWh, sufficient to power a 60W equivalent CFL bulb for up to 150 hours per month (Louie et al., 2023). However, wide variability in household energy needs highlights the importance of context-specific system designs (Louie et al., 2023; Singer, 2020).
	Recent U.S. Department of Energy investments seek to reduce these disparities through funding for residential off-grid solar systems (Louie et al., 2023). Figure 3 shows the San Juan Solar Project located just north of the Nenahnezad Chapter of the Navajo Nation. Expanding renewable energy access could also help reduce indoor air pollution from coal combustion, still used for heating and cooking in many homes, and associated respiratory illnesses (Bunnell et al., 2010). A hybrid strategy that includes natural gas or limited coal use alongside renewable energy to maintain revenue streams and grid stability may be an option supported by tribal energy corporations. In contrast, grassroots organizers and local communities often advocate for a just transition rooted in sustainability, autonomy, and healing from environmental injustices (Powell, 2017).
	Figure 3. San Juan Solar Photovoltaic Farm with the decommissioned San Juan Generating Station in the Background Note. This image symbolizes the overlapping eras of fossil fuel and renewable energy on Navajo land. Photo by Emiliano McLane.
	A prominent example of the community’s pursuit of environmental justice is the defeat of Desert Rock Power Plant, a proposed coal-fired facility, by Navajo-led opposition. The case exemplifies the power of community organizing to resist externally imposed projects and reasserts tribal sovereignty in energy decision-making (Powell, 2018). However, structural barriers persist. Despite their sovereign status, Tribal Nations face ongoing constraints from federal and state regulatory policy, including land-use restrictions, permitting challenges, and limited access to capital (25 USC Ch. 37: Indian Energy, 1992; Raimi & Davicino, 2024).
	To navigate these tensions, energy development within the Navajo Nation must be culturally grounded, community-informed, and legally strategic. Projects must respect Diné (Navajo) environmental and spiritual values, such as the sacred relationship to land and the principle of Hózhó (balance and harmony), while engaging with political realities and economic needs (Gándara et al., 2022). Effective energy planning going forward will require collaboration between grassroots leaders, tribal institutions, and external partners to ensure projects align with the Nation’s long-term social, environmental, and economic goals (Gándara et al., 2022; Pasqualetti et al., 2016).
	Why this Work is Important on Tribal Lands Agrivoltaic systems offer a strategic approach to address land use constraints while advancing both food and energy sovereignty on tribal lands (Moore & Lobell, 2024; Soto-Gómez, 2024). These systems have demonstrated the capacity to increase land-use efficiency by up to 94% when combining agricultural output and electricity generation (Trommsdorff et al., 2021). Although economic assessments point to the long-term financial viability of AgV, several challenges remain, including high upfront costs, technical barriers to implementation, and complex regulatory environments (Neupane Bhandari et al., 2021; Soto-Gómez, 2024).
	Estimates suggest that more than 15 million acres of tribal land could be suitable for agrivoltaic microgrid projects, with approximately 7 million acres located in proximity to existing transmission infrastructure, highlighting a substantial, yet underutilized,  opportunity   for   renewable  energy
	development (Moore & Lobell, 2024). The convergence of federal investment and local interest has intensified research into integrated food–energy–water systems across tribal nations (Kling et al., 2017; Nakata & Ogata, 2023).
	Persistent energy access disparities in the Navajo Nation exemplify structural inequities in U.S. electrification policy. Approximately 30% of households on the Navajo Nation remain off-grid, a gap rooted in decades of policy exclusion (Singer, 2020). The 1936 Rural Electrification Act, part of the New Deal, explicitly excluded Indigenous communities from funding and infrastructure expansion efforts (Funes, 2024). To compound the issue, the federal government enacted the Bennett Freeze in 1966, halting development on 1.5 million acres of Navajo and Hopi land until lifting the policy in 2009 (Funes, 2024).
	Today, these historic injustices manifest in the absence of basic infrastructure across vast portions of the Navajo Nation. In response, renewable energy organizations such as Native Renewables and Navajo Power have received increased federal support, including a $10 million grant to deploy off-grid PV systems (Funes, 2024; Waldman, 2024). Additionally, the USDA’s Powering Affordable Clean Energy (PACE) program recently awarded $110 million to the Navajo Tribal Utility Authority (NTUA) to expand tribal electrification efforts (NTUA, 2025). Figure 4 illustrates an example of an off-grid PV system installed on the Navajo Nation.
	Figure 4. Standalone Photovoltaic Array Powering an Off-Grid Home in the Navajo Nation Note. A residential structure on the Navajo Nation with a stand-alone PV array, situated far from centralized grid infrastructure. Photo by Emiliano McLane.
	Food insecurity is another critical issue confronting tribal communities. The Navajo Nation is classified as a food desert by the USDA, with residents experiencing extremely low fruit and vegetable intake and disproportionately high rates of adolescent obesity and adult type 2 diabetes (Beresford et al., 2022, 2023; MacKenzie et al., 2019; Ornelas et al., 2021; Wilcox et al., 2024). Agrivoltaic systems offer a promising avenue to address these challenges through local food production while leveraging renewable energy infrastructure to support agricultural operations (Bennion et al., 2022). Growing awareness around food system reconnection has encouraged interdisciplinary initiatives focused on Indigenous health and food justice. Urban planners and public health professionals increasingly advocate for structural reforms to enhance dietary access and long-term community wellness (Carroll et al., 2025).
	One such initiative is the Yéego! Healthy Eating and Gardening Trial, which implemented a culturally relevant nutrition and gardening curriculum across six elementary schools in Arizona and New Mexico. Results from baseline, 9-month, and 21-month surveys of third- and fourth-grade students and their families revealed a significant increase in adult fruit and vegetable consumption, particularly among households affected by COVID-19 concerns (Beresford et al., 2022). The study also validated a culturally-tailored dietary assessment tool for use in future tribal nutrition research (Beresford et al., 2024). Outcomes for students included improved self-efficacy for healthy eating and modest increases in their overall healthy eating index. While gardening self-efficacy rose in intervention schools, comparisons showed no statistically significant difference between treatment and control groups (Beresford et al., 2024). Still, these findings demonstrate the potential of school-based, culturally responsive programs to promote healthier food behaviors in tribal communities. When coupled with agrivoltaic infrastructure, such interventions could further support localized food systems, advance climate-adaptive agriculture, and contribute to broader goals of health equity and environmental justice.
	Methods A systematic literature review was conducted to assess the extent and scope of agrivoltaic research relevant to the Navajo Nation and  comparable  arid
	regions. Searches were performed in Google Scholar and ProQuest using Boolean combinations of the terms “agrivoltaics,” “regional,” and “Indigenous,” yielding 461 results in Google Scholar and 639 results in ProQuest. To improve search relevance, the scope was narrowed by replacing broad terms with more geographically and culturally specific descriptors: 'regional' was refined to 'Four Corners' and 'Indigenous' to 'Navajo Nation.'. The revised keyword combinations, 'agrivoltaics', 'Four Corners', and 'Navajo Nation' were searched in Google Scholar and ProQuest using Boolean logic with the 'AND' operator to improve precision. No date restrictions were applied, since most agrivoltaic research has emerged in the past two decades. This refined search yielded 3 results in Google Scholar and 11 in ProQuest, of which 6 articles were determined to be directly relevant following abstract review. Articles not available through open‑access sources were retrieved via university library subscriptions and interlibrary loan services. To address contextual gaps, additional grey literature, including policy briefs, non‑profit reports, and energy equity assessments, was also examined.
	Data Management and Quality Control Using Zotero citation management software, references were cataloged and organized to facilitate annotation and full-text review. Each article was assessed for methodological rigor and alignment with the study’s research questions, excluding studies lacking peer review or contextual relevance. This multi-step process ensured inclusion of relevant, high-quality literature to support the framework on agrivoltaics in tribal contexts, particularly within the Four Corners region of the Navajo Nation.
	Results and Discussion Research on agrivoltaic systems has expanded rapidly over the past decade, encompassing a broad array of topics including system design, crop compatibility, environmental performance, and socio-economic feasibility. As shown in Figure 5, publication activity related to AgV has accelerated markedly since 2020, reflecting growing global interest in climate-adaptive agriculture and renewable energy integration, with momentum further catalyzed by the COVID-19 pandemic and its disruptions to food and energy systems (Agrivoltaic Systems, 2017).
	Figure 5. Agrivoltaic Articles in Google Scholar  Note. Results from a keyword search for 'agrivoltaics' in Google Scholar from 1980 to 2024 demonstrate exponential growth in publication volume. As of July 1, 2025, 1,150 articles have been published, signaling robust and growing academic interest in agrivoltaics.
	Regional Knowledge Gaps Despite the growing global body of literature, results from this review indicate a significant research gap pertaining to agrivoltaic applications within the Four Corners region and, more specifically, the Navajo Nation (see Table 1). To address this gap, grey literature and non-peer-reviewed sources were included to contextualize AgV in tribal energy and food systems.
	Ecosystem Co-Benefits Beyond energy generation and crop yields, agrivoltaic systems serve as ecological infrastructure. Shaded areas beneath PV panels can slow wind erosion, increase organic matter buildup, and improve water-use efficiency (Elamri et al., 2018; Schweiger & Pataczek, 2023). When planted with native vegetation, the microhabitats under panels support pollinators and beneficial insects, helping restore biodiversity to degraded rangelands (Gómez-Catasús, 2024; Graham, 2021). Incorporating native perennials, such as Four-wing saltbush (Atriplex canescens) or Indian ricegrass (Achnatherum hymenoides), beneath PV structures can both stabilize soils and provide forage (Owen, 2020; Şahin & Özcan, 2020). These practices transform agrivoltaic installations from simple energy facilities into living restoration systems.
	Conclusion and Recommendations The findings of this review reveal both a scarcity of region-specific research and an opportunity for innovation.  Global  interest  in  agrivoltaic  systems
	has increased significantly in recent years, driven by the urgent need for sustainable approaches to land use, food production, and renewable energy generation. The literature increasingly explores topics such as PV panel configuration, crop–panel interactions, system efficiency, environmental impacts, and economic feasibility (AL-agele et al., 2021; Elamri et al., 2018; Jo et al., 2024; Nakata & Ogata, 2023; Neupane Bhandari et al., 2021; Rogers, 2022; Schallenberg-Rodriguez et al., 2023). However, despite this expanding body of global research, there remains a striking absence of peer-reviewed studies focusing on the application of agrivoltaic systems within Tribal Nations in the United States. This lack of localized inquiry highlights the importance of translating international lessons into community-based, participatory strategies that align with Navajo environmental and cultural values.
	Potential Applications in the Navajo Nation The Navajo Nation, the largest contiguous tribal land base in the U.S., offers a particularly compelling case for agrivoltaic system deployment. The Navajo Nation faces multiple intersecting challenges including water scarcity, food insecurity, limited access to electricity, and the socio-economic impacts of a just energy transition (Pasqualetti, 2016). Agrivoltaics has the potential to address these challenges simultaneously by optimizing land for both agricultural productivity and solar energy generation, thereby advancing food and energy sovereignty in tribal communities.
	Despite this potential, research on AgV in the Four Corners region of the Navajo Nation remains almost nonexistent. The region’s unique environmental conditions, jurisdictional complexity, and cultural significance highlight the need for place-based and community-focused research. Key areas for future study include agroecological feasibility, socioeconomic impacts, policy and regulatory issues, and how integration of traditional ecological knowledge (TEK), which emphasizes reciprocal relationships between Indigenous peoples and the environment (Rattling Leaf, 2022), can support sustainable agrivoltaic systems. To be relevant and impactful, future research must be collaborative and participatory, prioritizing the knowledge and needs of Navajo farmers, policymakers, and extension professionals.
	Table 1. Results From Literature Review that Pertained to Agrivoltaics and the Navajo Nation
	Authors
	Type of Assessment
	Study Aim
	Result
	Notes
	Anderson, 2022
	Chemical analysis, rapid material assessment, and microstructural characterization
	Analyze structure-property relationships, degradation mechanisms, and building integration of organic photovoltaic materials
	Interrelationships in the material system between chromophore stability, charge-generation capacity, chemical makeup, and microstructure all agree
	Mentions the Navajo Nation that would benefit from agrivoltaics
	Collins, 2021
	Government report
	Examines the history and benefits of agrivoltaics, including water reduction, food production, and energy generation.
	New and creative methods of incentivizing carbon-reducing farming practices could help support the implementation of agrivoltaics
	USDA National Agricultural Statistics, Navajo Nation counties, account for 62% of the state’s total farms, and 95% are family-owned
	Hilimire, 2025
	Course assessment through student surveys and projects: A case study
	Encourage discussions across ideological divides with students to promote critical reflection on energy and environmental justice
	Students exhibited an increased in understanding of energy transitions, mining, and environmental justice
	Includes the history  of the energy  transition on the  Navajo Nation and  site visits
	Moore et al., 2024
	Qualitative interviews and geospatial suitability analysis
	Investigatethe opportunities and barriers for agrivoltaics on Tribal lands
	Agrivoltaics may contribute to food and energy sovereignty, and economic development goals for Tribes; Nearly 15 million acres are suitable for small-scale agrivoltaics, and 7 million acres can tie into the grid
	Discusses the energy transition in the Navajo Nation and the benefits of agrivoltaics to assist Navajo communities that are off grid for food and energy
	Rogers et al., 2022
	Sensory evaluation and consumer acceptability
	Evaluate consumers’ potential preferences and willingness to pay for agrivoltaic-grown products
	Consumers showed willingness to pay more for their preferred crop grown in agrivoltaic systems
	Only mentions Navajo in relation to the crops grown
	Waller, 2021
	Pilot greenhouse study using integrating 3-D surface and solar modeling
	Analyze the performance and effects of varying irradiance conditions on the electrical behavior of organic photovoltaic devices in the greenhouse
	Organic photovoltaic arrays achieved higher power conversion efficiencies at low incident irradiance levels, while shaded plants performed better during periods of high light intensity
	Discusses the potential of the Navajo Nation to benefit from self- sufficient greenhouse systems and discuss using a Hogan-style greenhouse for outreach
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	CASE STUDIES

	Hunting and Using Moose (Tegllit) in Nanwalek and Port Graham, Alaska
	DUSTIN CARL1, CHRISTIAN WOODARD2, HENRY P. HUNTINGTON3, WILLOW HETRICK-PRICE4
	Introduction In 2019, the Alaska Board of Game decided that the residents of two Native villages, Nanwalek and Port Graham, Alaska, do not have a Customary and Traditional Use (C&T) Determination for moose (tegllit in Sugt’stun/Alutiiq) across the entirety of their historical hunting area in the Southern Kenai Peninsula of Alaska. Currently, the Board of Game permits subsistence hunting on roughly half of the area it has designated as a “subsistence use” area on the Southern Kenai Peninsula. There is a three moose harvest limit within this subsistence use area, three moose to share between 247 people in Nanwalek and 162 people in Port Graham. The Chugach Regional Resources Commission (CRRC) is working with the Port Graham Village Council and the Nanwalek  IRA  Council to regain a positive
	C&T determination, and therefore, rights for subsistence moose hunting acrosstheir traditional hunting grounds and to practice subsistence without competing for resources, ensuring food security for the communities.
	Port Graham and Nanwalek are neighboring villages on the Southern coast of the Kenai Peninsula in Alaska. There is no road access to these villages; to reach them, a flight or water taxi is required for passengers and commercial goods. Each community has one or two small community stores that sell basic groceries at a steep cost. Most wage employment in these communities comes from school district and tribal council jobs, but much of the economy is based on a traditional subsistence lifestyle.  Traditional subsistence  harvest of salmon,

	game, and marine mammals feed the community members year-round. Based on legislation established through the Alaska Native Claims Settlement Act, traditional hunting and fishing rights for Alaska Native people have been “extinguished,” and Native communities such as Port Graham and Nanwalek are subject to the same rules and regulations which apply to “all Alaskans” under the state constitution. Despite the generations of tribal knowledge, the tribes have no rights to manage the land they steward and resources they frequently use and depend on. While all Alaskans are encouraged to participate in the Boards process by drafting proposals or offering public testimony, members of the Alaska Board of Game ultimately determine the rules and regulations under which tribal members can hunt. In most cases, Board of Game members do not share the deep knowledge or generational understanding of local conditions held by members of these communities.
	Although these communities rely on moose meat to feed them over the winter, limited hunting boundaries and harvests make it necessary for a small number of moose to supply the needs of many residents. When the moose hunters successfully harvest a moose, they share the work and the blessing from the moose harvest with their families and their neighbors. The practice of sharing comes from both necessity and long-standing tradition of many indigenous communities. One of the moose hunters interviewed for this project shared his experience in harvesting and distributing moose meat:
	“It was towards the end of the season. Nobody was getting anything, so they all got into a big group and they all sat in fields close together and started calling, and they ended up getting a moose. And I just like this story about how, when nobody was getting anything, they all did teamwork, came together and got a moose to share with everybody. That was probably one of my favorites.” Zeth Meganack, Port Graham, 2024.
	Moose have always been part of the traditional food system in Nanwalek and Port Graham, Alaska. Though scarce, moose bones and antlers are found in archaeological sites across the Kachemak Bay region, including on Yukon Island (de Laguna, 1934). Written records such as teachers’ reports to the Bureau of Indian Affairs provide additional evidence  of  moose  hunting  dating  to at least  the
	1940s. Present-day oral traditions record stories of moose hunting, methods for storing and preparing moose to eat, and sharing and other cooperation involving moose. Residents of both communities continue to rely on moose as important elements of food security, cultural continuity, and connection to their homes.
	Over the past several years, Tribal Members have expressed concern about declining moose populations and the continuity of subsistence ways of life more generally, including species health, impacts of changing environmental and climate conditions, and resource competition or interference between commercial and subsistence fisheries. By collecting both ethnographic and biological data, this project aims to document local history, skills, and interest to contribute to interagency resource management decisions. While the Division of Subsistence, Alaska Department of Fish and Game (ADF&G) has collected data on the harvest and use of moose since 1987, there has been little long-term ethnography on the importance of moose in Nanwalek and Port Graham. It is important to make all existing information available to these communities to 1) pass on traditional knowledge to protect their way of life and 2) assist the communities in advocating this way of life with regulatory agencies.
	Figure 1. Aerial photo of Port Graham, by Dustin Carl.
	Here we present some of the available information about the role of moose in the Sugpiat communities of Nanwalek (Figure 1) and Port Graham (Figure 2). We share our findings for how moose hunting is done currently and historically, the tradition of cooperating and sharing the moose harvest, and the cultural  and  social  significance  of moose  harvest
	and use. We explain how subsistence rights affect tribal members and the current status of the moose in these communities. CRRC is beginning to monitor and research the population. We start with the methods used to collect data for this study.
	Figure 2. Aerial photo of Nanwalek, by Dustin Carl.
	Methods CRRC Tribal Fish and Wildlife Department members and the Alaska Department of Fish and Game (ADF&G) Subsistence Division members first met with the Port Graham Tribal Leaders on January 27, 2024, to discuss the project and develop a list of potential participants. Throughout February and   March   2024,   CRRC,   Port  Graham  Village
	Council, and ADF&G researchers collaborated on the development of an interview protocol to guide conversations with knowledgeable Port Graham hunters. Questions were developed about hunting techniques, processing and preparation, locations, changes over time, stories, and the future. Between May 22-24, 2024, nine recorded interview sessions were conducted with ten respondents. Interviews were conducted in Port Graham lasting one to two hours. Before the interviews began, informed consent forms from both CRRC and ADF&G were reviewed and signed by participants. Upon completion of each interview, participants were given a $200 honorarium from CRRC. Interviews were transcribed by ADF&G and shared with CRRC, and reviewed by the interviewees for errors, misrepresentations, and confirmations. CRRC and ADF&G held a community meeting in Port Graham to discuss results with the community and answer any questions.
	Other resident quotes and information were gathered from the Project Jukebox database managed by the University of Alaska Anchorage and from CRRC’s Board of Game training report from 2019. From the information and data collected in the interviews and other sources, we summarize the moose hunting experience of the hunters in these two communities.
	Figure 3. Historical moose hunting areas for Nanwalek and Port Graham residents. Data for this map was sourced from Subsistence Resource Harvest Area Maps (ADF&G, 2019; Stopha, 2017), and remapped by Aurora GIS, LLC.
	Figure 4. Moose hunting areas and routes used by Port Graham Residents concurrently used between recent years to over 20 years ago (Port Graham Residents, Port Graham, 2024).
	Moose Hunting Moose may be hunted on foot in the vicinity of both communities (Figure 3). ATVs and highway vehicles are also used on local roads and trails. At times, hunters have traveled by skiff as far as Fox River Flats at the head of Kachemak Bay, though such trips are long and costly. Hunting locally is more common (Figure 4).
	Starting in September, moose hunting is a fall activity that provides food for the winter. Moose hunting fits into the seasonal round of hunting and fishing, coming after salmon fishing and after or along with berry picking. A Port Graham moose hunter shared his stories of how his father took him out moose hunting so he could learn as a youth:
	“My dad was taking me, just out in the back valley here, when I was probably like nine. So, I been getting toted around for doing any kind of subsistence hunting around here since I was like nine years old.” Port Graham Resident, Port Graham, 2024.
	These stories are typical for the moose hunters in this area, but not all have a chance to hunt, especially when traveling to other hunting areas requires an airplane trip and access to a vehicle away from home. In all prior harvest surveys (data available for 1987, 1989-1993, 1997, 2003, 2014, 2022), residents of both communities used moose (ADF&G, 2025).  Typically,  each community would
	take one to three moose a year. An elder from Nanwalek shared his experience with moose harvesting in a recording from 1996:
	“I get one almost every year now. That is a lot of meat. I end up giving almost every family here in the village pieces of it but I do use a lot of that myself. … Seems like just about everybody gets some moose meat.” Nick Tanape, Nanwalek, 1996.
	The effort of harvesting a moose is difficult, and many respondents hunt in pairs or groups for efficiency and safety. The process of hunting and dressing a moose usually requires a partner, and it is common practice to get more help in packing it out. Moose harvest becomes a group event, and sharing the harvest is an important part of it.
	Cooperation and Sharing: Cooperation is part of all aspects of moose hunting, from preparation to sharing of food. Even when hunters go on foot, when word of a successful hunt reaches the village, many people go to help process and retrieve the moose. An elder from Port Graham described this process to the Alaska Board of Game in 2019:
	“They will go out and they will hunt the moose, but we have a group of people that will come out there with them after the moose is caught and help butcher it and bring it back and disperse it to the community.” Timothy Malchoff, Port Graham, 2019.
	As with other traditional foods, moose is shared within the communities, between communities, and among wider sharing networks throughout the state. Another moose hunter from Port Graham shared his experience of being raised in Port Graham and how the moose meat is shared:
	“Last year we broke it up amongst probably over three quarters of the village. All got moose meat out of it. So, that's just the way we were raised here. Anything that we got, we had to make sure to provide for the elders and take care of the ones in need first.” Quentin McMullen, Port Graham, 2024.
	When available, moose is an important food source for many households, even in years when no one in the community harvests a moose. The use of moose for Port Graham and Nanwalek households has been recorded by the ADF&G in their study years starting in 1987 (Figure 5), and since these data have been recorded, there has been some use of moose in each community. Based on a survey by Chugach Regional Resources Commission (CRRC, an inter-Tribal organization) in 2017, the majority of households in Port Graham (89%) and Nanwalek (69%) answered that they use moose at some point every  year  (Figure 6).  In  most  study  years,  some
	Figure 5. Moose “Use” data collected by AFD&G from 1987 to 2014 in Nanwalek and Port Graham (ADF&G, 2019).
	Figure 6. Moose consumption per year from 46 households surveyed in Nanwalek and 18 households surveyed in Port Graham in 2017. (CRRC, 2017).
	households in Nanwalek and Port Graham attempted to hunt for moose, except for Port Graham in 1997 (Figure 7). Even in years when one community was unsuccessful in harvesting moose, residents of both communities reported the use of moose because of the strong tradition of sharing between Nanwalek and Port Graham. In every study  year,  households in one,  the  other,  or  both
	communities reported either receiving or giving away moose (Figure 8). Moose harvest and use can also be an important opportunity for a young tribal member to learn about the history of their environment and the importance of providing for their community from elders with a lifetime of this experience.
	Figure 7 Moose hunt and harvest data collected by AFD&G from 1987 to 2014 in Nanwalek and Port Graham(ADF&G, 2019).
	Figure 8 Data for giving and receiving moose in Nanwalek and Port Graham collected by ADF&G from 1987 to 2014 (ADF&G, 2019).
	Social and Cultural Significance Moose hunting is often a multi-generational activity, and younger hunters learn from those with experience as they develop the knowledge and skills to provide for their communities. Processing, preparing, and preserving moose also involves people of all ages, as they learn the steps and skills needed to make healthy food. Recipes are often passed from generation to generation, being shared with all community members (Figure 9). A moose hunter that lived in both Nanwalek and Port Graham shared her experience in passing down lessons to the next generation:
	“I'll take one of my hunting days and I'll dedicate it just to my kids. My grandkids, I should say. And I'll take them out with me. You gotta take them out and let them experience walking in the woods, and you know, just gotta be quiet, gotta listen, you gotta look, you gotta look for signs. And so, they just love it. And because of that my daughter is teaching her kids, and her youngest one is five. And she took her out last year. Moose hunting.” Lydia McMullen, Port Graham, 2024.
	Figure 9 One of Nanwalek’s ways to prepare and enjoy moose, from the “Chugach Regional Resources Commission Recipe Book Featuring Traditional Foods”.
	Sharing is an essential part of Sugpiaq culture, with moose as with other foods. Sharing and cooperation reinforce the social and cultural ties among individuals, households, communities, and generations. Sharing also helps take care of those in need, including Elders and individuals or families who do not hunt for themselves. Like many members of his tribe, the chief of Port Graham shares his thoughts on the social aspect of moose harvests:
	“We eat together, we cut it up together, we share with the community together. Which builds on values. It reinforces those cultural values, doing it together, in a group.” Patrick Norman, Port Graham, 2024.
	Moose hunting, along with other traditional activities, also reinforces connections to the lands and waters around the community. Successful hunters must know the landscape, the vegetation, and the animals to navigate and to recognize signs of moose. They recognize an animal that will provide healthy food and leave any animals that show signs of sickness. Everyone involved in processing  moose  brings  experience,  skill,  or  the
	willingness to learn how to use the whole animal and how to preserve meat and organs. A Port Graham resident shared a lesson he was taught by his parents about how subsistence connects with spirituality:
	“And what mom and dad taught me was that hunting is spiritual. It's not just sustenance. And that's tradition. And they pray and give thanks when coming back. And, from a successful hunt, and they pray before distributing. So, they taught me a very spiritual side. And they taught me a little bit more about respecting the land.” Calvin George, Port Graham, 2024.
	Although the tradition and need of subsistence is still strong within the tribal communities in Alaska, it is governed not by the tribal leaders but by the board appointees on the Alaska Board of Game.
	The Right to Subsistence When Alaska became the 49th State in 1959, the first Alaska State Legislature created the Board of Game, consisting of nine citizens appointed by the Governor  and  confirmed by a majority vote of the
	legislature. The legislature separated the Board of Fish and Game into separate Boards in 1975, and that is the structure that continues today. The Alaska Board of Game has the responsibility and authority to establish the hunting and trapping regulations of game for the various user groups, including tribal citizens. Alaska state law (AS 16.05.258(a)) requires the Alaska Board of Game to identify game populations or portions of populations that are customarily and traditionally taken or used for subsistence.
	Alaska has a unique dual-management approach to wildlife management, where federal lands are managed by federal agencies and the remaining lands are managed by the State of Alaska. This was caused by the Alaska Native Claims Settlement Act (ANCSA) and the Alaska National Interest Lands Conservation Act (ANILCA). After congress passed ANCSA in 1971 to convey 44 million acres of land and provide compensation to Native corporations, they then had address subsistence rights by passing ANILCA in 1980.
	In March 1987, the Alaska Board of Game made a positive Customary and Traditional (C&T) finding for moose around Nanwalek (then called English Bay) and Port Graham and created a registration subsistence hunt with the same boundaries as the current TM549 Tier II hunt. At the time, the state was in compliance with ANILCA and there was a rural preference in state law, so this registration hunt was limited to Nanwalek and Port Graham residents (and was developed based on a proposal submitted by these communities). Meanwhile, the neighboring community, Seldovia, asked the Alaska Board of Game to reconsider its non-rural status. In March 1988, the Alaska Board of Game reclassified Seldovia as rural, and established the current non-subsistence area boundary (Figure 3). In March 1989, the Alaska Board of Game considered subsistence hunt proposals from Seldovia for this expanded “rural” area for moose. The Alaska Board of Game made a negative finding for moose because most of the moose taken by Seldovia residents were taken outside this local area. After a new subsistence law was passed in 1992, the Alaska Board of Game met to review existing subsistence hunts and C&T findings for compliance with the new law. The Alaska Board of Game decided not to make any new C&T findings at these compliance meetings, meaning the positive finding for moose in
	Port Graham and Nanwalek from March 1987 was readopted (and the hunt became Tier II), but the C&T status of the moose population in the rest of GMU 15C outside the non-subsistence area was not addressed. In 1992, the ADF&G made a list of game populations missing C&T findings, but the Alaska Board of Game at the time declined to act on new findings.
	In 2019, CRRC wrote a letter requesting that, before acting on any moose proposals, the Alaska Board of Game should make C&T determinations for moose in those areas of Unit 15C outside the non-subsistence area for which no finding has been made. The Board of Game is required to make such findings pursuant to the state's subsistence law (AS 16.05.258(a) and 5 AAC 96.615(a)(1)). At the time of the letter was sent, the Alaska Board of Game had not determined if the portion of the Unit 15C moose population located between the TM549 hunt area and the boundary of the Anchorage non-subsistence area was positively associated with C&T subsistence uses. If the Board of Game were to make a positive C&T finding for moose in this area, CRRC’s request could result in the issuance of more TM549 permits, or otherwise more liberal moose hunting opportunities throughout the subsistence portion of Unit 15C.
	At the meeting on March 16, 2019, the Board of Game made a negative C&T use determination (i.e., determined that moose are not associated with customary and traditional uses) in the remaining area outside the non-subsistence area. The vote was two for and four against. After the negative ruling, the Port Graham Village Council worked with CRRC to develop a project to collect data for customary and traditional use of moose within the community. CRRC partnered with ADF&G to interview moose harvesters and users in the community to record their traditional ecological knowledge and conducted moose population surveys in an attempt to increase the moose harvest limit.
	Current Status of the Moose On March 14, 2023, CRRC conducted an aerial survey for moose in Unit 15C outside the non-subsistence use area and shared the data with ADF&G (Figure 10). There were 22 moose (21 adults and 1 calf) and ten fresh moose tracks observed,   but  the  moose   responsible   for  those
	tracks were not directly observed, and therefore not included in the official survey results. Of the 22 moose observed in the survey, 18 (82%) were observed in the area outside of the TM549 hunt area open for the community members for subsistence hunting. Residents of Port Graham and Nanwalek traditionally hunted moose outside of the boundaries of the TM549 hunt, both before and after the law was enacted (Figure 3; Figure 4).
	These results were around the average of the normal minimum counts done by ADF&G, so even though it did not result in an increase in the moose harvest limit, it did not result in a decrease. Although these results did not produce the desired action,   the  two   tribes  and  CRRC  will   continue
	advocacy efforts for the subsistence rights of the tribal members. The harvest of moose within the traditional hunting grounds of the tribes is still necessary to feed these communities and continue their traditional practices.
	Conclusion As traditional knowledge keepers, the tribal members of the two communities hold the responsibility for stewardship of their traditional lands and natural resources for future generations. Tribal knowledge and experience should count as much or more than written sources by third parties. Not to discredit written sources, but Tribal knowledge  and  experience are  based on  extensive
	Figure 10 Results from CRRC’s aerial survey for moose conducting in the Alaska Game Management Unit 15C outside the non-subsistence use area on March 14, 2023.
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	Tribal Capacity Building through Fish Passage Restoration Projects
	MADELYNNE DEY1, ANDREA JAMES2, JESSICA WINNESTAFFER3
	Nay’dini’aa Na’ Kayax or Chickaloon Native Village (CNV) is a federally recognized Ahtna Dene Tribe that has stewarded the lands and waters of Southcentral Alaska since time immemorial. Chickaloon Village Traditional Council (CVTC) is the governing body of CNV with the mission to assert Tribal identity, continue Dene cultural traditions, and create economic self-sufficiency. The Tribe’s traditional practices include the sustainable and respectful stewardship of salmon and their habitats. The CVTC Environmental Stewardship Department mission is to implement projects that “apply Traditional Knowledge and science to promote the health of living things and their environments within the CNV Traditional Territory and ancestral area of use.”
	The traditional homelands of Chickaloon Native Village (CNV) are centered around the Matanuska River watershed, which flows into the upper Cook Inlet of the Gulf of Alaska. Starting in 1898, federally-funded explorers mapped large, high-quality coal deposits in the Matanuska Watershed and in approximately 1917, the federal government built railroads to access numerous coal mines in the watershed (Figures 1 and 2). One railroad branch line was constructed in Tsidek’etna (Moose Creek), a culturally important tributary of the Matanuska  River which supports anadromous salmon. The Ahtna Dene placename Tsidek’etna translates directly to “Grandmothers Place Creek,” and contemporary culture bearers and linguists interpret the ancient placename  to  mean “a valuable summer fishing site

	Figure 1. Tent town of Moose Creek, Alaska, seen from coal mine railway track, 1917. University of Washington Libraries, Special Collections, AWC5693.
	Figure 2. Workers next to coal cars at Doherty's coal mine at Moose Creek, Alaska, 1917. University of Washington Libraries, Special Collections, AWC5694.
	used by grandmothers and their families for catching and preserving salmon.” CNV Tribal knowledge documents that Tsidek’etna historically had five species of salmon, which would have provided three to four months of salmon harvest opportunities annually. However, that changed when the railroad and numerous coal mines along Tsidek’etna straightened and diked the creek for much of its lower eight miles, creating steeper channels, faster moving water, and large substrate to collect in the stream bed, creating poor salmon spawning and rearing habitat. Over decades, the steepened and channelized creek formed several bedrock waterfalls, one of which became a complete fish passage barrier by 1968. Consequently, salmon populations on Tsidek’etna were decreased to small remnants.
	Since the early 2000’s, Chickaloon Village Traditional Council (CVTC) has been implementing projects to restore fish habitat and salmon populations along Tsidek’etna. In 2005-2007, CVTC restored fish passage to pre-mining, meandering creek alignments by bypassing the largest waterfall barrier, created by the railroad (Figures 3 and 4, below). This effort restored salmon access to more than 12 kilometers of habitat for spawning and rearing. More recently, with Infrastructure Investments and Jobs Act (IIJA) funding, CVTC established a Fish Passage Program, which is dedicated to identifying aquatic organism passage (AOP) barriers throughout the CNV traditional territory, pursuing funding to restore these AOP barriers,  and  implementing  AOP projects with the
	Figure 3. Railroad tracks alongside newly straightened and diked Moose Creek, looking upstream, showing cascade already forming at future site of ten-foot-tall bedrock waterfall, between 1918 and 1927 (image is the same location as the image below). Historic image(s) are from the CVTC Anchorage Museum Collection. Material(s) generously provided by the Tribal citizens of Chickaloon Native Village.
	Figure 4. Ten-foot-tall bedrock waterfall on Moose Creek, 2005 pre-restoration.
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	From Burden to Balance: Reducing ESA Consultation Burdens on Tribal Lands through Programmatic Agreements
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	Abstract Tribes incur substantial administrative and financial costs due to federal oversight related to the National Environmental Policy Act and the Endangered Species Act (ESA). On tribal trust lands, federal actions trigger ESA review even when similar activities on adjacent or private lands do not. This mismatch imposes heavier compliance burdens on tribes and conflicts with Secretarial Order 3206, which directs agencies to reduce unnecessary compliance burdens on tribes. Repeated, costly compliance reviews can generate frustration among tribal citizens and reduce support for species conservation. Programmatic agreements consolidate project reviews into a single framework and offer a potential solution to these challenges. To reduce project-by-project reviews while still meeting ESA protections for federally listed bat species, the Eastern Band of Cherokee Indians (EBCI), in partnership with the Bureau of Indian Affairs and the U.S. Fish and Wildlife Service, developed a 10-year programmatic consultation framework. This case study documents the development of a programmatic biological evaluation, outlines the ecological and regulatory context of EBCI lands, details associated conservation and compliance procedures, and discusses mitigation and reporting requirements. It also highlights staffing challenges, clarifies partner roles, and summarizes lessons learned in aligning federal compliance with tribal priorities. The EBCI's approach offers a replicable consultation framework for other tribal nations with trust lands seeking to balance sovereignty and federal obligations while conserving species.

	Introduction The United States maintains a government-to-government relationship with federally recognized tribes, which includes a legal and moral trust responsibility to protect tribal lands, assets, sovereignty, and citizens (25 U.S.C. § 3601(2), 2008). The trust doctrine, rooted in early treaties, requires federal agencies to act in tribes’ best interests by consulting with them and protecting their resources (Pevar, 2009). The U.S. Supreme Court reaffirmed this duty in Seminole Nation v. United States (1942), stating that the federal government has “charged itself with moral obligations of the highest responsibility and trust.” In theory, this duty supports tribal sovereignty and resources by securing key rights and strengthening tribal governance. However, in practice, environmental regulations complicate how this relationship works.
	The federal trust responsibility aims to protect tribal sovereignty and resources, but it often creates land-management challenges. Many tribal projects, from minor tree removal to housing developments, require federal approval under the National Environmental Policy Act (NEPA) and the Endangered Species Act (ESA) because trust lands are legally held in trust by the United States. This means that the federal government, most commonly the Bureau of Indian Affairs (BIA), retains the legal title and therefore must authorize certain activities. As a result, tribes must navigate federal review requirements, mainly NEPA and ESA Section 7, for even basic land-use decisions. Under NEPA, federal agencies, like the BIA, must review the environmental effects of their actions, such as issuing permits or authorizing tree removal, before making  decisions  (National  Environmental  Policy

	Act of 1969, 42 U.S.C. §§ 4321–4370h). Because NEPA applies to federal trust lands that tribes use, in the same way it applies to public lands, such as national forests, that U.S. citizens use (Council on Environmental Quality, 2003), tribal projects are often held to the same federal review standards as agency-led actions. While the ESA and NEPA help protect species and habitats, they also require tribes to complete extensive reviews, which is especially difficult for tribes with limited staff and funding (Totoiu, 2011). As a result, a system that is intended to protect tribal resources can inadvertently impact tribes’ abilities to deliver essential services such as housing, infrastructure, and economic development.
	On federally held trust lands, even routine actions such as removing a single tree, can trigger formal ESA Section 7 consultation if they may affect a listed species, resulting in regulatory responsibilities that state and private landowners rarely encounter. Tribes in the Southwest and Appalachia have reported consultation delays of up to a year, which pull staff time and funding away from urgent community needs (Council on Environmental Quality, 2003; Mikesic, 2000). In contrast, state and private landowners only trigger Section 7 when a federal permit or funding is involved. This imbalance continues despite Secretarial Order 3206, which directs federal agencies to respect tribal sovereignty, avoid unnecessary burdens on tribes, and match ESA responsibilities with trust obligations (U.S. Department of the Interior, 1997). In practice, tribes still carry a heavier regulatory burden than neighboring jurisdictions, demonstrating the need for a more equitable and workable approach to federal environmental laws.
	This regulatory environment highlights a fundamental conflict between conservation and community needs on tribal lands. Tribal governments are deeply committed to environmental stewardship that comes from long-standing cultural and traditional values, and many integrate Traditional Ecological Knowledge with Western science to guide long-term natural resource management (Hoagland, 2017). At the same time, tribes must address urgent economic and social needs while also meeting federal legal obligations. When regulatory compliance slows or blocks those efforts, it can lead to difficult trade-offs.
	The Navajo Nation offers a clear example of how these regulatory challenges unfold in practice. Before establishing a more collaborative framework through a series of agreements with the U.S. Fish and Wildlife Service (USFWS), the Nation had to complete several individual ESA consultations for Mexican spotted owl management, a series of reviews that likely increased staff workload and slowed the development of other community projects (Mikesic, 2000). These time-intensive consultations must be completed under the ESA for routine actions, such as timber harvests and housing construction, although these same consultations are often not required on state- and privately-owned land.
	The regulatory burden on tribal lands can inadvertently undermine broader ecological benefits. Indigenous-managed lands consistently support high biodiversity and maintain habitat connectivity across regions (Thorstenson, 2023). When agencies delay or fragment required consultations, they can divert tribal resources away from on the ground conservation actions and lose the chance to work with tribes whose stewardship directly supports regional conservation goals.  As a result, agencies and communities lose access to the ecological knowledge, stewardship practices, and intact habitats that tribal lands provide. In other words, delayed or fragmented conservation efforts limit the federal system’s ability to use tribal land management to achieve broader conservation outcomes, despite these lands already functioning as important ecological refuges, especially in the context of ESA implementation (Hickman & Thorstenson, 2023). Addressing this imbalance requires a process that protects both the environment and tribal sovereignty.
	One approach some agencies have adopted is the development of programmatic consultations or agreements. These tools aim to streamline regulatory compliance, reduce administrative burdens, and better align conservation efforts with tribal community needs (U.S. Fish & Wildlife Service & NMFS, 1998). To illustrate these concepts in context, the next section presents a case study of the Eastern Band of Cherokee Indians (EBCI) and their experience with programmatic consultations.
	Case Study Like many tribes, the EBCI faces regulatory requirements under the ESA that exceed those applied to neighboring jurisdictions. The need to meet ESA requirements on tribal trust lands is frequently triggered by federal actions tied to the trust status of the land, forcing the EBCI to balance federally mandated species conservation with the Tribe’s economic and social needs.
	The EBCI manages 57,000 acres of trust land in the mountains of western North Carolina (U.S. Congress, 2021, Figure 1). This federally held trust land is home to nearly 10,000 tribal citizens, averages more than 12 million annual visitors, and supports highly diverse ecosystems, characteristic of the southern Appalachians in North America (National Park Service, 2025; North Carolina Department of Administration, n.d.). It is also home to several species listed under the ESA, meaning they are officially designated as threatened or endangered and given federal protection,  including  the  Indiana
	bat (Myotis sodalis) and the northern long-eared bat (Myotis septentrionalis) (O’Keefe & Loeb, 2017; Rojas, O’Keefe, & Loeb, 2017). Both endangered bats roost in trees during the summer and hibernate in caves or mines during the winter. These species hibernate in caves from October to April, often in damp and cool microclimates ideal for fungal persistence (Cheng et al., 2021). Both the northern long-eared bat and the Indiana bat have experienced dramatic population declines in recent years due to the spread of white-nose syndrome (WNS), a fungal disease that has devastated bat populations across eastern North America (Cheng et al., 2021).
	The presence of federally listed bat species on EBCI trust lands means that when a federal action occurs, such as BIA authorization, the project must undergo what is called “Section 7 review” to ensure that the action does not adversely affect those species. Under Section 7 of the ESA, federal agencies must ensure that any action they authorize, fund, or carry out, does not jeopardize the continued existence  of  listed  species  or  destroy or adversely modify their
	Figure 1. Map of the Eastern Band of Cherokee Indians (EBCI) lands in western North Carolina, showing trust and deeded parcels across Swain, Jackson, Cherokee, and Graham counties. The inset map illustrates the location of the Qualla Boundary within the state of North Carolina.
	critical habitat (Endangered Species Act of 1973, 16 U.S.C. § 1536(a)(2); U.S. Fish & Wildlife Service & NMFS, 1998). On tribal trust lands, the BIA often serves as the lead federal action agency related to timber and mineral extraction and is therefore responsible for ensuring that proposed actions comply with these ESA requirements (Bureau of Indian Affairs, 2020). Since BIA authorization is required for land-disturbing activities on trust lands, these actions must be coordinated with BIA, whether the activity is initiated by a tribal program, a tribal citizen, or an external entity. Before the activity proceeds, the BIA must consult with the USFWS to determine whether the action may adversely impact a listed species or their habitat.
	If it is determined that an action may affect a listed species, additional biological evaluations are required prior to proceeding. Typically, this process includes the development of a formal study plan, in this instance, often based on the Range-Wide Indiana Bat & Northern Long-eared Bat Survey Guidelines (U.S. Fish & Wildlife Service, 2024). These guidelines establish detailed protocols for acoustic monitoring and mist-netting surveys, including the number of survey nights required based on habitat type and project scale. They also include specific design constraints for survey placement, such as setting mist-nets at least 50 meters from edge habitat and 30 meters apart and locating acoustic detectors at least 3 meters from vegetation and 20 meters apart (U.S. Fish & Wildlife Service, 2024). On the EBCI’s steep, forested terrain, these spacing and clearance requirements can make it difficult or even impossible to sample small housing sites, typically less than 1.5 acres (Figure 2).
	The entity requesting the land-disturbing activity pays the full cost of these surveys. The EBCI does not maintain an in-house bat survey team: therefore, applicants must hire external contractors, often at rates over $1,000 per net night (Skybax Ecological Services, personal communication, 2014). Under current USFWS guidelines, a non-linear project may require six net nights per 123 acres, placing a substantial financial burden on tribal citizens and programs. The results of these surveys determine whether the activity can proceed (U.S. Fish & Wildlife Service, 2024). If federally listed bats are detected, the proposed action may be restricted or delayed,  particularly  during  the active season when
	Figure 2. Acoustic detector deployed at a proposed housing site on EBCI trust land. Dense understory vegetation and steep terrain, as shown above, make it difficult to meet U.S. Fish and Wildlife Service survey spacing requirements on small parcels, contributing to the logistical and financial challenges of project-level bat surveys. Photo credit: Jessica Nagel.
	bats are on the landscape, generally from April to October. If no listed bats are detected, the action may proceed with fewer constraints.
	These regulatory requirements directly affect land-use decisions on EBCI lands. Due to the forested, mountainous terrain, buildable land is limited, so many housing projects require tree removal. Prior to the programmatic, ESA restrictions prohibited the removal of suitable bat habitat between April 15 and October 15, forcing tribal citizens to delay construction and continue paying loan or mortgage costs on underdeveloped lots for as long as six months. These delays created frustration and contributed to negative perceptions of bats. In contrast, a neighboring private landowner is not subject to these federal consultation requirements unless their project requires a federal permit, authorization, or funding, and can clear forested land for home construction year-round. To address these inequities and reduce both regulatory delays and community frustration, the EBCI pursued a programmatic consultation to streamline compliance while still protecting federally listed species.
	A programmatic agreement under the ESA establishes a single, multi-year review that covers a defined set of routine actions. Instead of submitting
	individual consultations for each project, the action agency and the USFWS set allowable actions, conservation measures, and reporting procedures at the start. This structure cuts repetitive paperwork, speeds project reviews, and creates consistent expectations for everyone involved. Because many tribes operate with fewer staff and have a more limited administrative capacity than state or federal agencies, programmatic agreements can offer a particularly meaningful reduction in regulatory burden. Programmatic agreements can be developed under laws like the ESA, NEPA, and the National Historic Preservation Act.
	The programmatic Section 7 consultation process follows the same general steps as an individual project consultation with the USFWS. However, the result is that the agency carrying out the actions, hereafter referred to as the “action agency,” consults once for an entire set of routine activities rather than for each individual project. The programmatic consultation process starts with an informal consultation. The action agency expresses their intent to pursue a programmatic agreement with the USFWS, describing the actions it would cover, and the listed species involved. The USFWS will advise the action agency on what should be included in the formal programmatic biological assessment (PBA), including the timeframe of the document, the geographic or action area the document will cover, and what listed species should be included. The action agency prepares a PBA that contains all the routine and repetitive actions that the action agency wishes to address, including an in-depth assessment of the impacts these activities may have on listed species and what conservation measures will be taken to reduce the impacts. Once the draft PBA is completed, the action agency initiates formal consultation. During formal consultation, the USFWS reviews the PBA and prepares a response document. The response document, or programmatic biological opinion (PBO), identifies measures to minimize harm to listed species and their designated critical habitat. This PBO also provides an incidental take statement for any actions that are likely to result in take, defined as harassing, harming, or killing, of federally listed species (Endangered Species Act of 1973, 16 U.S.C. § 1536(19). Once the PBO is signed and formalized, the action agency uses the PBA and PBO as guidance to avoid or minimize adverse effects   of   actions and perform  documenting  and
	reporting actions. This results in no additional consultations with the USFWS unless an activity or action is outside the scope of the PBO/PBA. Addenda and amendments may be added to the programmatic document as needed with further consultation from the USFWS. These addenda allow the action agency to incorporate new activities without having to restart the entire programmatic consultation process, making the framework more flexible and adaptable over time.
	The EBCI implemented a programmatic Section 7 agreement with the USFWS in 2022. In partnership with the BIA Cherokee Agency, the Tribe created a 10-year programmatic Section 7 consultation framework addressing the impacts of routine land management and development activities on federally listed bat species, primarily the Indiana bat (Myotis sodalis) and the northern long-eared bat (Myotis septentrionalis) (EBCI Natural Resources, 2022). Key steps in developing EBCI’s programmatic consultation document included:
	Determining the action area and listed species
	Identifying routine actions
	Estimating acreage and activity levels
	Developing conservation measures
	Creating documentation and reporting procedures
	The PBA covers all of the roughly 57,000 acres of EBCI trust lands subject to Section 7 compliance. EBCI management documents, such as the Forest Management Plan and the Integrated Resource Management Plan (EBCI, 2018; EBCI Natural Resources, 2020), informed descriptions of the action area and the habitat it provides for listed bat species. The action area’s location was used to determine which federally listed bat species to include in the PBA. The EBCI also used the Cherokee Wildlife Action Plan and all acoustic, capture, and monitoring data to describe the status of these federally listed species on tribal lands (Hickman & LaVoie, 2018). Using other PBAs as a template, such as the Programmatic Biological Assessment for Evaluation of the Impacts of Tennessee Valley Authority’s Routine Actions on Federally Listed Bats (Tennessee Valley Authority, 2017), the EBCI identified routine actions and activities that occur on the Tribe’s lands. Tribal programs, such as EBCI Tribal Construction, EBCI Water and
	Sewer, and Cherokee Department of Transportation, provided information on these routine activities. In addition, BIA Forestry and Fire (Cherokee Agency), Duke Energy, and other outside entities provided information on the activities they conducted within the boundary. Once the full list of routine actions was assembled, the activities were grouped into major categories: ecosystem management and public use; commercial and housing development; government and community development; utilities construction and maintenance; and road and trail construction and maintenance. Categorizing actions allowed the EBCI to estimate the amount of listed bat habitat potentially affected by routine actions for the PBA. Historical construction reports, tree-removal records, annual maintenance logs, and future project plans supplied the basis for acreage estimates, even though data were often limited or inconsistent.
	After defining the action categories and estimating affected acreage, the EBCI identified conservation measures for each routine activity (Figure 3). Each action description clearly outlines potential impacts or threats to listed species and specifies the appropriate conservation measures to reduce or mitigate those impacts. The PBA also summarizes ongoing conservation actions, such as acoustic monitoring, interagency collaboration, and outreach events to show how the EBCI supports listed bats beyond individual project impacts. The final section of the PBA describes the documentation and reporting procedures used to ensure that all activities are tracked, recorded, and submitted annually to the USFWS by the BIA.
	Development of the programmatic document began with preliminary discussions in early 2018. The EBCI hired an ESA Liaison through the BIA Endangered Species Program grant to coordinate Section 7 compliance, conduct bat surveys, and maintain communication with the BIA and USFWS. Establishing this dedicated role marked the first major step in developing a programmatic document. By late 2020, additional funding to continue the ESA Liaison position was secured through the BIA Endangered Species Program grant, and regular meetings continued as the first programmatic draft was written. The final draft was completed in early fall 2021, and formal consultation began in November 2021. By early April 2022, the USFWS issued    its    Biological    Opinion:    Programmatic
	Figure 3. Visual surveys confirmed the presence of Myotis leibii roosting on the side of a bridge, highlighting one of the designated conservation measures for bridge modifications in the EBCI’s programmatic. Photo credit: Jessica Nagel.
	Consultation for Activities Affecting Indiana Bat and Northern Long-Eared Bat on Eastern Band of Cherokee Indians Trust Lands (U.S. Fish & Wildlife Service, 2022). The development of the programmatic document was a major accomplishment.
	During the 10-year programmatic term, the EBCI anticipated that up to 29,890 acres might be affected by routine activities, with only 2,140 acres subject to permanent tree removal, representing just 3.8% of EBCI trust lands. Annual estimates suggest that up to 5,489 acres might be affected, with only 219 acres expected to experience permanent tree removal each year (EBCI Natural Resources, 2022). So far, actual impacts have been far below projections. Routine actions affected only 21 acres in 2022, and 714 acres in 2023, with 97% of those consisting of prescribed fire, a temporary and ecologically beneficial activity, especially for bats (Austin et al., 2018). Most disturbances remained short-term and ecologically positive, highlighting the low overall impact of routine activities on EBCI lands. The broad nature of the initial acreage estimates reflected the need to provide full regulatory coverage  for  all   foreseeable   activities  across  the
	10-year term of the programmatic consultation. These figures were intentionally high to avoid the need for frequent reinitiation, which would have imposed additional administrative costs, staffing needs, and project delays. While the overestimates did not create ecological costs, they did require more analytical work than necessary. Looking forward, improved project-tracking systems, better historical activity data, and increased experience with programmatic consultations will help the EBCI refine future projections, reducing overestimation while still maintaining adequate regulatory coverage.
	The EBCI’s programmatic approach has increased regulatory efficiency by replacing dozens of individual project-by-project consultations with a single, coordinated framework. This shift reduces repetitive paperwork, shortens review timelines, and gives tribal programs and the BIA clear expectations before projects begin. As a result, approval processes are faster, and EBCI departments can plan land management and construction activities with greater certainty. Because conservation measures and best practices are established upfront, staff and tribal citizens know exactly what steps they must follow, allowing projects to move forward with fewer delays and less administrative effort.
	Despite the success of the programmatic framework, several ongoing challenges remain. For the EBCI, coordination and communication between the BIA, EBCI Natural Resources Department, and other tribal programs conducting activities that may impact listed bat species needs improvement. As the action agency, the BIA is charged with documenting, reporting, and assessing the routine actions described in the programmatic agreement. Resource limitations, particularly in staffing for the BIA and the Tribe’s natural resource program, make implementing and reporting under the programmatic agreement challenging. These coordination difficulties are further compounded by technology-related barriers, including limitations in available permitting or data-tracking systems and restrictions on shared digital platforms between federal agencies and the Tribe. The inability to use common tools, such as shared online folders or centralized project management software, causes communication gaps and slows the exchange of essential information. Collectively, these constraints highlight the need for increased federal support, targeted training,  and capacity-building initiatives to
	empower tribal conservation efforts and address the current programmatic challenges. Additionally, the stability and effectiveness of programmatic agreements are often vulnerable to changes in federal policy or agency leadership, highlighting the need for formal, long-term, enforceable agreements that remain effective, regardless of shifts in administration (Fischman et al., 2023).
	Discussion The EBCI's programmatic consultation provides a practical model for other tribes managing trust lands. It is important to note, however, that tribes oversee a range of land types, including trust, restricted fee, tribally owned fee lands, allotments, and treaty-protected territories, each with distinct jurisdictional frameworks and regulatory triggers. Programmatic consultation frameworks are most relevant on lands where federal action is inherent, such as federally held trust lands, and may be less applicable on lands where federal involvement is more limited. The EBCI’s success in developing a programmatic solution lies in demonstrating that a single, collaboratively developed consultation framework can take the place of dozens of annual project reviews, reduce costs and delays while maintaining full compliance with the ESA. By demonstrating how federal compliance can align with tribal sovereignty, community needs, and conservation objectives, the EBCI framework offers a replicable pathway for other tribal nations facing similar challenges. Several policy improvements could strengthen similar efforts across Indian Country. These include increasing federal funding for tribal staffing, expanding technical assistance for developing programmatic consultations, improving coordination between federal and tribal agencies, and promoting adaptive management based on monitoring results. As recent discussions of Indigenous research emphasize, successful collaborations depend on meaningful engagement with Indigenous communities and the development of co-stewardship frameworks that foster mutual respect and trust (Gilbert & Kohl, 2024).
	For tribes pursuing programmatic consultations for federally listed species on trust lands, a set of recommendations can help guide the process. First, data collection on listed species and their habitats should be prioritized. Whether through inventorying     occupied     areas    or     monitoring
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	The Resiliency of Nisqually Chinook Salmon Provides Hope for Recovery
	CHRISTOPHER ELLINGS¹*, ASHLEY VON ESSEN2, SAYRE HODGSON3, CRAIG SMITH4, DAVID TROUTT5, JAMES SLAPE JR.6
	Nisqually Fall Chinook salmon (Oncorhychus tshawytscha), along with all Chinook salmon in Puget Sound, were listed in 1999 as ‘threatened’ under the federal Endangered Species Act. The consensus at that time, based on a preponderance of evidence, was that the historic population of Chinook salmon in the Nisqually River had been wiped out by habitat degradation, overfishing, dam construction, and other impacts (NCRT 2001). Additionally, genetic testing of the Nisqually population in the late 1990s and early 2000s showed that the Chinook salmon left in the Nisqually were part of a hatchery population originally from the Green River (Ruckelshaus et al. 2006), a tributary of the Duwamish River in Central Puget Sound.
	Even though the native Nisqually Chinook salmon were presumed to be lost, the Nisqually Indian Tribe remained focused on recovering naturally producing Chinook salmon, restoring the Treaty Right fishery on Chinook, and supporting regional recovery of the species. The Tribe developed and published the Nisqually Chinook Recovery Plan (2001) under the premise that native Nisqually River Chinook salmon were extirpated over half a century ago. Thus, the first step in recovering the population was to restore habitat throughout the watershed and the Nisqually Reach nearshore to provide a home for a naturally reproducing Chinook salmon population.
	Since the adoption of the Nisqually Chinook Recovery Plan in 2001, the Nisqually Indian Tribe and several non-profit and governmental partners have led an effort to restore and protect tens of thousands of acres of habitat in one of the most ambitious watershed restoration efforts in the world (NIT and WDFW 2024). To track  the  effectiveness
	Figure 1. Nisqually Indian Tribe Department of Natural Resources staff sampling an adult Nisqually wild Chinook salmon. Photo by: Walker Duval
	of the restoration investment, the Tribe and their management partners, including the Washington Department of Fish and Wildlife (WDFW), have been monitoring the abundance, distribution, and ecology of Chinook salmon for decades and have recently made an amazing discovery.
	While conducting research to evaluate the productivity of hatchery Chinook spawning in the wild, which included a genetic parentage analysis and genetic stock identification (distinct interbreeding ‘stocks’ of salmon can be identified based on genetic markers) as well as updated adult salmon sampling using a drift net, the NIT and WDFW team found that a stock of unknown origin was responsible for the bulk of the juvenile production in the watershed (NIT and WDFW 2024). Subsequent analysis of both adult and juvenile Chinook concluded that these ‘mystery’ fish were indeed the native Nisqually Chinook (NIT and
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	Key findings:
	Data sharing agreements are increasingly necessary to protect tribal data sovereignty and support self-determination as research collaborations become more common.
	We present an overview of common data agreements, a decision tree to help tribes identify which type of data agreement may be appropriate, and a sample data sharing agreement for a coproduced climate adaptation project.
	Future work should support tribal capacity for data governance, including tribal data storage infrastructure, legal support for agreements, and training for tribal staff responsible for data stewardship.
	Introduction There is a growing movement in natural resource management, conservation, and resilience research towards collaborating with Tribal Nations as sovereign governments to incorporate Indigenous Knowledge (IK) or Traditional Ecological Knowledge (TEK) into Western science and management (Berkes et al., 2000). IK or TEK are defined differently across science and policy literature but generally describe a cumulative and ongoing body of knowledge, beliefs, practices, and relationships among living beings and their environment (Kimmerer 2002; Whyte 2013). There are many reasons why researchers, government agencies, and organizations interested in ecological research want to engage with tribes or conduct research on tribal lands. In North America, tribes collectively own, govern, or co-manage an area of land comparable to that of all protected areas on the continent (Nabhan, 2000; Thorstenson, 2023). Much of this land borders federal, state, or privately managed land and contains equal or higher biodiversity than adjacent protected areas, making partnerships with Indigenous communities an essential conservation strategy (Schuster et al., 2019; Hickman et al., 2023; Reid et al., 2024). Beyond the ecological value of Indigenous-managed lands, IK is
	increasingly recognized as valuable and powerful knowledge about climate, species interactions, and ecosystem functioning developed over millennia (Jennings et al., 2023; Reid et al., 2024).
	Historically, however, tribes were not always given the opportunity to oversee research done on their lands or in their communities, and there are many examples of exploitative and extractive research on tribal land and Native peoples that caused deep trauma and harm in these communities (Hickman et al., 2023; Holland et al., 2023; Reid et al., 2024). Many tribes have since developed protocols and review boards to take control of research that includes or impacts them (Holland et al., 2023). This movement towards Indigenous data sovereignty, or the right of tribes to make decisions about their own data, supports tribal self-determination, cultural preservation, and ultimately the welfare and survival of communities (Ulbricht 2025). However, existing federal Indian law doctrine does not adequately support collective Indigenous data sovereignty nor allow for its enforcement against non-tribal entities or individuals (Ulbricht 2025), leaving many tribes and their external research partners to create ad hoc agreements for each collaboration.  Many  tribes  now  exercise  this


	authority through formal research review processes, cultural review boards, or permitting systems that govern how data are collected, interpreted and disseminated.
	Coproduction of knowledge between academic and tribal partners through high levels of collaboration has emerged to address a relevance gap or lack of benefit when working with tribes and other communities (Durose et al., 2012, Norström et al., 2020). Despite its benefits and even with good intentions, coproduction can be challenging because of the time needed to invest in relationship-building, the logistics of bringing people from different groups together, differences in priorities or timelines, and considerations around power dynamics, inclusivity, trust, and reconciling past harms (Durose et al., 2012; Beier et al., 2017; Reid et al., 2024). Therefore, while coproduction is a laudable goal, tribes may not have the capacity or interest to participate at that level for every project. At any level of collaboration, however, nontribal researchers should work closely with tribes to identify appropriate protocols around approval, consent, and ownership of any data or knowledge generated over the course of the project.
	A concern that has arisen in tribal communities as nontribal researchers continue to pursue tribal collaborations is how to handle data usage, storage, and sharing, which has become particularly salient with the emergence of open science movements (Carroll et al., 2020). In many tribal contexts, “data” may include ecological observations, species locations, oral histories, place-based knowledge, and other information embedded within cultural practices. In response to the need for more formalized data agreements, a suite of frameworks, guiding principles, and toolkits have been developed. The First Nations principles of OCAP® (Ownership, Control, Access, and Possession) were conceived from a need for First Nations peoples living in Canada to fill gaps in population and public health data after being excluded from national studies. The principles of OCAP® were established in 1998 to acknowledge and formalize the importance of data sovereignty for First Nations and now serve as a resource for other Indigenous groups. In 2007, the United Nations Declaration on the Rights of Indigenous Peoples affirmed Indigenous peoples’ rights to “maintain, control, protect,  and  develop  over  their  cultural  heritage,
	traditional knowledge, and traditional cultural expressions, as well as manifestations of their sciences, technologies, and cultures,” including intellectual property rights over cultural heritage and knowledge (United Nations General Assembly 2007). Discussions around Indigenous data sovereignty in research began primarily within health and medical research regarding privacy and protection of sensitive medical information (Harding et al., 2012; James et al., 2014), but these efforts have been expanding to Indigenous knowledge and culture more broadly.
	The development of the CARE Principles for Indigenous Data Governance (Collective Benefit, Authority to Control, Responsibility, and Ethics) was prompted by the growing movement of big data, open science, and data reuse (Carroll et al., 2020). In ecological research, it has become more widely understood by non-Native researchers that TEK is often embedded in cultural practice, language, and stories, and thus an important part of a tribe’s identity, intellectual property, and survival (Tsosie 2002; Wilson et al., 2020; Reid et al., 2024).
	The adoption of data agreements and protocols has thus become a common practice to formalize the process of data management, use, and sharing. Data sharing agreements (DSAs) may even be a requirement of funders, though funding agencies typically provide little guidance or specificity about what that process should look like or how to facilitate these conversations with tribal research partners (Jarquín, 2012). This paper was inspired by the authors’ own experiences creating a DSA for the collaborative development of a climate adaptation plan by researchers from the Eastern Band of Cherokee Indians (EBCI), the U.S. Geological Survey Southeast Climate Adaptation Science Center, and North Carolina State University (NCSU). From the outset, this project has been coproduced. In many tribal natural resource programs, tribal employees function simultaneously as scientists, managers, and representatives of a Nation’s governance interests. The Supervisory Biologist from the EBCI Natural Resources Department (and a coauthor of this paper) serves as a co-Principal Investigator on the project, and has helped conceptualize and plan the research, secure funding, and act as a liaison to the EBCI Cultural Internal Review Board (CIRB), which supports this research project.
	The development of the climate adaptation plan will include participatory workshops with tribal members and EBCI government staff (both enrolled tribal members and non-enrolled EBCI employees) to understand values and priorities related to natural and cultural resources and to proactively plan for continued tribal access to those resources under future land use and climate change. Because we will be eliciting information about culturally important species, landscapes, and practices, an important early step in this research process was the creation of a DSA between NCSU and EBCI. Informed by our learning during this process, and a desire to share lessons learned, we summarize different types of data agreements and products, present a decision tree to help choose an appropriate agreement under different circumstances, and provide our DSA as an example of a university-tribe agreement for ecological research. This paper serves to address a demonstrated need for data sharing materials that support tribal data sovereignty in ecological research
	partnerships. Our aim in sharing these resources and personal experiences is to provide a starting point for discussions about data sharing in research collaborations, though they do not constitute legal advice. While we focus on resources and examples relevant to North American Tribes and First Nations, Indigenous data sovereignty is a global issue.
	Types of agreements and decision-making resources Data agreements can range broadly but they need to be context specific. Several templates and other guidance have emerged to support tribal communities and research collaborators. Adapted from the key resources listed in Table 1, we identify commonalities and important considerations for data sharing agreements with tribes and provide a decision tree to help with choosing an appropriate agreement for different research needs and partnership types.
	Table 1. Key resources for creating data sharing agreements
	Title
	Source / Organization
	Description
	The First Nations Principles of OCAP®

	First Nations Information Governance Centre
	OCAP® information, training opportunities, and other Indigenous data resources
	CARE Principles for Indigenous Data Governance

	Global Indigenous  Data Alliance
	CARE Principles and other Indigenous data resources
	Framework for a Data Sharing Agreement, Alberta First Nations Information Governance Centre

	Indigenous Data Governance and Management Toolkit
	Framework and template for creating data sharing agreements between tribes and governments or universities
	Information Sharing Agreement Template, Central Coast Indigenous Resource Alliance

	Indigenous Guardians Toolkit
	Information sharing agreement template between First Nations and government
	Contracts & Agreements

	Indigenous Data Governance and Management Toolkit
	Description of types of contracts and agreements common in data governance and management
	Data Sharing: Creating Agreements In support of community-academic partnerships

	Colorado Clinical and Translational Sciences Institute & Rocky Mountain Prevention Research Center
	Resource for developing data sharing agreements and data management plans when working in community-academic partnerships; not specific to tribes
	Memoranda of Understanding/Agreement (MOU/MOA)

	University of Alaska Southeast
	Description of MOU/MOA and repository of existing agreements, including with tribal nations in Alaska

	Data agreements are useful because they provide formal, written expectations and obligations of the parties involved and can provide legal documentation for tribal entities in cases where parties do not comply (Indigenous Data Toolkit, n.d.; Yao, n.d.). However, different entities may have different requirements for agreements, and it is advisable to consult with legal professionals to ensure tribal protection. Any type of research agreement should include explicit consent from all parties and individual participants.
	Data Sharing Agreements (DSA) or Information Sharing Agreements (ISA) include the specific terms and conditions for data storage, transfer, management, use, and dissemination. This may include: an overview or description of the data; ownership of the data; data flow, transfer, and storage (including duration, location, and security measures); data analysis and interpretation; and dissemination. Any project generating tribal data should consider creating a data sharing agreement to outline these protocols. Some tribes also retain the right to review interpretations of data collected on their lands and may restrict dissemination if it conflicts with tribal policies or cultural protections.  Note that “Information” may be used instead of “Data” as a more inclusive term that can protect intellectual property or knowledge that does not traditionally constitute data.
	Memorandums of Understanding/Agreement (MOUs/MOAs) are typically broader and more formal documents than DSAs and ISAs. These may be used by government agencies or required by large grants to define the purpose of the research and the conditions of the relationship between parties. MOUs are typically used for “common cause” agreements that are not legally binding, while an MOA may be more specific in establishing a conditional agreement involving the transfer of funds or services in more concrete terms (Memoranda of Understanding/Agreement (MOU/MOA), n.d.). These agreements may specify terms related to data, such as terms of access or conditions for review and pre-approval of publication, but they may also include expectations, roles and responsibilities, research processes, and guiding principles of the research. MOUs/MOAs are useful components of coproduction, because they emphasize collaboration and mutual understanding between  parties.  They  may  also  be
	appropriate for collaboration among multiple parties with distinct roles, responsibilities, and expected outcomes. However, when protection of the use, access, and dissemination of tribal data is necessary, a DSA should supplement the MOU/MOA.
	Cost-Sharing Agreements, Service Agreements or Research Agreements may be appropriate when a tribe is interested in conducting research but lacks capacity (i.e., technical expertise or personnel), and may need to hire external researchers or consultants to perform the work. These agreements, often contractual, may include provisions such as tribal approval of research activities and ownership of the data or intellectual property produced; however, this type of agreement should focus on the service being provided rather than detailing specific provisions among the parties. Service agreements may also be used in cases where an external party is providing data services (e.g., hosting, cleaning, or analysis) without using the data for their own independent purposes. Service or contractual agreements can be incorporated within a DSA or MOU if third-party contractors are hired as part of the larger project.
	Non-Disclosure Agreements (NDAs) are used to maintain confidentiality and may require a party to take steps to protect data from damage, theft, or unauthorized access. This is the most stringent agreement as it does permit data sharing. NDAs may be appropriate for personally identifiable information or other sensitive data including health data, spiritual or sacred knowledge, sensitive sites or locations, or other confidential cultural knowledge or practices.
	Choosing the appropriate agreement for a research project or collaboration depends on several factors, including the partners involved, requirements of funding, tribal capacity, and the types of data being collected or shared. Figure 1 presents a decision tree with guiding questions to assist tribes and their research partners in choosing an appropriate agreement.
	Data Sharing Agreement Example The information sharing agreement (ISA) developed between EBCI and NCSU for a coproduced climate adaptation collaboration may serve  as  a  useful  template  for  other projects [see
	Figure 1. Decision tree for choosing an agreement type for research projects with Tribal Nations and Communities. This is meant to be a starting point for conversation. External researchers are encouraged to follow tribal guidance and protocols.
	Supplemental Material]. This agreement was adapted from existing frameworks and templates provided by resources like the Indigenous Data Governance and Management Toolkit (Information Sharing Agreement Template, n.d.) and the Indigenous Guardians Toolkit (Yao, n.d.). Our agreement contains components common in data sharing agreements, but some of the elements that are standard in DSAs may be at odds with principles of coproduction and Indigenous data sovereignty. Below, we highlight specific sections of our agreement where we modified language to better represent the coproduced nature of this work.
	Roles and responsibilities: This section may need to be modified depending on the level of coproduction. For example, a non-coproduced project may require the non-tribal party to provide regular updates to the tribe, and the tribe would act as a body for review and approval. In our agreement, we emphasized the sharing of information in both directions and highlighted the collaboration of both parties.
	Publication and dissemination: Researchers from universities or other institutions may experience professional pressure to publish and share results at academic conferences, and publication may even be a condition of funding. Consideration should be given to processes for publication and approved use and disclosure of the data at the outset of a collaboration, and these processes should be agreed upon by all parties. Research teams should also consider publishing results outside of scientific journals, such as in tribal news outlets or on social media, to be more accessible to the community (Gittelsohn et al., 2020). In our agreement, this section emphasizes joint authorship, review, and approval processes. We aim to increase visibility and recognition of the contributions of our tribal partners and other collaborators by following the Contributor Role Taxonomy (CRediT) protocol (Allen et al., 2019) when applicable.
	Throughout the process of creating this agreement, our team came across additional topics such as terminology, data storage capacity, and federal information and privacy regulations which warranted further discussion. One example relates to the definition of terms used in our agreement and how the language used can define the scope of the project. For example, we originally used a very inclusive definition of TEK as outlined in the Information Sharing Agreement Template (n.d.) provided by the Central Coast Indigenous Resource Alliance, which included topics such as spiritual knowledge, medicinal knowledge, and culturally significant places such as archaeological sites. The purpose of using this comprehensive definition was to include and protect any possible type of “knowledge” or “data.” However, since our project will not be using or generating any data related to sensitive information such as spiritual or medicinal knowledge, EBCI’s cultural internal review board (CIRB) suggested that we use “shared knowledge” instead to refer specifically to knowledge gained from members of EBCI as part of this project, rather than broad TEK or IK terms. We recommend that users approach the creation of an agreement as an iterative process, which will facilitate input from tribal members and encourage tribes to provide their own terms and definitions when appropriate.
	In the case of data storage, security and management, tribes may not have the infrastructure to house large amounts of data long-term. Therefore, it may be beneficial for the partner institution to house raw data with the tribe maintaining ownership, control, and access, and for the tribe to house readily usable aggregated data products such as maps, visualizations, and summaries. However, this should be discussed explicitly among parties and may require special approval of a tribal review board or council. In our project, university researchers have access to resources such as high-performance computing and research storage drives that are not available to most tribal nations. Here, the majority of the research is regional in scope and will not directly use or generate tribal data. However, tribal data and values will guide how we present our results to make products relevant for tribal decision-making. The ownership, storage, use, and dissemination of the products that do use tribal data will be at the discretion of the tribe.
	Another challenge that looms amidst research collaborations between tribes and federal agencies is the Freedom of Information Act (FOIA). This has been a point of concern and frustration for tribes as they work towards achieving data sovereignty (Amberson, 2017). Like protections allocated to private information, many tribes are actively requesting that the federal government amend FOIA to include exemptions that protect tribal data and culturally sensitive information shared during research from public disclosure (Amberson, 2017; Schilfgaarde, 2020). We recommend that tribes seek professional legal assistance in cases where sensitive information could be vulnerable to FOIA.
	Finally, it is important to consider who is authorized to sign these types of agreements on behalf of a tribe. Each tribe is unique and has different processes and decision-making authorities; researchers should work with tribes to identify the appropriate protocols, authorities, and relevant interest groups or experts to consult while avoiding reliance on a “token” collaborator who may not have the authority to represent the tribe (Harding et al., 2012; Hickman et al., 2023). In our own experience, deciding who should be authorized to sign the final agreement on behalf of both the tribe and the university has been one of the biggest hurdles, requiring ongoing communication with members of EBCI’s CIRB.
	Conclusion External researchers should bear the onus of educating themselves on the ethics and principles of engaging in research with tribes. Most research institutions have Institutional Review Boards (IRBs) to provide protections for human research subjects, but these may be insufficient to protect the privacy, intellectual property, and sovereignty of tribes. Institutions such as universities may consider adopting formal protocols for conducting research with tribes to ensure that researchers are aware of data sovereignty principles. Tribes may also consider developing protocols or IRBs to review research requests if they do not already have such processes in place (Holland et al., 2023). When choosing an agreement, tribes should consider the type and level of sensitivity of the data, how it will be stored and protected, who has ownership and access and for how long, the level of collaboration, and processes for publication and dissemination.
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	Introduction Lake Whitefish (Coregonus clupeaformis, Dikameg in Anishinaabemowin) is a culturally and ecologically important species, native to the Laurentian Great Lakes. Ecologically, Dikameg play important roles in connecting the benthic and pelagic food webs (Fagan et al. 2017; Nalepa et al, 2005). The Anishinabek, comprised of the Ojibwe, Potowatami, and Odawa peoples - also known as the Three Fires - inhabit the Great Lakes region and have had an extensive relationship with Dikameg since time immemorial. In Anishinaabe teachings, fish are the connection between the people and the water, a reminder of the responsibility to protect all species within creation through reciprocal relationships. In one Anishinabek creation story, Dikameg is the only animal that declined the honor of being a clan animal and offered themselves as a food source. While other animals do not have the distinction of clan status, this story demonstrates the Dikameg’s place within the world to the Waaganakising Odawa who inhabit northern Lake Michigan, their kin, and their descents of the Great Lakes region.
	At the turn of the 20th century, Lake Whitefish supported extensive commercial fisheries within the Laurentian Great Lakes and their tributaries with annual catches of approximately 10 million kg (Baldwin et al. 2018). Stocking efforts at this time measured in the billions of fish for both Lake Whitefish and Cisco (Coregonus artedi, Otoonapii in Anishinaabemowin) (Aneville et al, 2015). These productive times continued until the 1950s, when Lake Michigan Lake Whitefish stocks experienced a lake-wide population crash due to the introduction of invasive  species,  diminished  water  quality,  and
	over-harvesting (Rook et al. 2022). Fortunately, by the early 1990’s the Lake Whitefish population had begun to recover, and by the early 2000s, the Lake Michigan population recovered to pre-1900 levels (Rook et al. 2022). This recovery was due in part to conservation efforts that reduced the invasive Sea Lamprey (Petromyzon marinus) populations (Rook et al. 2022). Although Lake Michigan Lake Whitefish biomass was at its peak in the early 2000s, evidence of recruitment during this period was limited (Brown et al. 2024).
	Lake Whitefish have sporadic population recruitment cycles where one large year class is frequently followed by periods of low recruitment (Zischke et al. 2017). Drivers of this fluctuation in recruitment include seasonal/climate variation and changes in community composition, zooplankton abundance, water clarity, ultraviolet light intensity, and the potential mismatch timing of juvenile Lake Whitefish and their diet (Lynch et al. 2015; Cunningham and Dunlop. 2023; Brown et al. 2024). Of the Lake Whitefish life cycle stages, the larval stage is often the most critical to recruitment, as year class strength is typically determined at the end of the first growing season (Amidon et al. 2021). Primary productivity can limit larval and juvenile Lake Whitefish development via limited food resources (Cunningham and Dunlop 2023). Since 2000, Lake Michigan has observed a decrease in primary productivity caused by dreissenid mussels (Mehler et al. 2023). This decrease in primary production can result in resource availability bottlenecks that inhibit recruitment (Cunningham and Dunlop 2023).

	Lake Whitefish age to maturity varies between three and seven years throughout the Great Lakes (Oosten and Hilge 1949; Dryer 1963; Mraz 1964; Rook et al 2022). Recruitment to the commercial fishery was expected between ages three to five in the 1970s and 80s; however, recent research suggests the age of recruitment to the commercial fishery has increased to seven to 15 years in some areas of the Great Lakes (He et al. 2025). Lake Whitefish are a relatively long-lived species, with lifespans dependent on biotic and abiotic factors including fishing pressure, disease, and interactions with non-native Sea Lamprey and dreissenid mussels which affect age at maturity, length at age, and overall lifespan (Rennie et al. 2009; Ebener et al. 2010; Wagner et al. 2010). In some populations, particularly unexploited ones, Lake Whitefish are recorded to live more than 20 or even 30 years (He et al. 2025; Mills et al. 2004). However, age distributions in other areas of the Great Lakes suggest a more typical lifespan of 17-25 years (Cook et al. 2021; Oosten and Hile 1949). The longevity of the species makes them more resilient to periods of low recruitment than shorter-lived species; however, sustained periods of poor recruitment are still damaging to populations (Rook et al. 2022).
	Here, we document an aging population of Lake Whitefish with decreasing fertility rates in Little Traverse Bay, Lake Michigan. Our objective is to qualitatively compare age and fertilization rates of Lake Whitefish from Little Traverse Bay with nearby Elk Rapids and Sturgeon Bay to identify the beginning of potential local senescence and population decline within Little Traverse Bay.
	Methods Since 2018, Little Traverse Bay Bands of Odawa Indians (LTBB) has launched multiple research projects to better understand the current population decline including: experimental Lake Whitefish aquaculture (2018), early life history bottlenecks (2020), and investigating fertility (2022). As part of these projects, LTBB has stocked over 382,000 Lake Whitefish fingerlings in Little Traverse Bay. Gill nets and trap nets were set October through December on spawning reefs at three sites (Elk Rapids, Little Traverse Bay, and Sturgeon Bay) to assess fish species assemblages and capture spawning Lake Whitefish to provide eggs for the wild egg collections (Figure 1).  Between  2017 and 2019  egg
	Figure 1. Map of northern Lake Michigan sites (Elk Rapids, Little Traverse Bay, and Sturgeon Bay) where fall spawning season Lake Whitefish were assessed and captured to provide eggs for the wild egg collections.
	collections were conducted in Elk Rapids. In 2020, spawning stock assessments were conducted in Little Traverse Bay with egg collections from 2021 to 2024. Sturgeon Bay was added to the wild egg collections site list for 2022. Biodata, including length and otoliths, were collected from all captured Lake Whitefish (n=591) throughout the spawning season. Otoliths were embedded in epoxy, sectioned, and age assigned as in Buckmeier et al 2017 and Long 2017.
	After spawning, eggs of similar quality were pooled in McDonald egg jars and fertility was assessed in the lab at least ten days post-fertilization, and no later than 14 days post-fertilization. These assessments were done by pooling a subsample of each jar in a petri dish and collecting roughly 20 images using a dissecting microscope (Nikon SMZ1000, Plan APO 1x).  The fertilized egg development and unfertilized eggs visible in each image were manually counted, recorded, and totals of each were used to establish the jar’s average fertilization percentage. This approach provided a rapid method of analysis without compromising embryo viability once briefly removed from incubation jars.
	To identify local Lake Whitefish population stress within Little Traverse Bay, we assessed relative abundance through Catch Per Unit Effort (CPUE), age, and fertility rates compared to Sturgeon Bay and Elk Rapids. CPUE among years in Little Traverse Bay was compared to determine if the local population is declining. Lake Whitefish otolith ages were compared through time in Little Traverse Bay to determine the age of the spawning population and if there are new year classes recruited to the spawning population. Average age, maximum age, and length from Little Traverse Bay fish are compared among those of the other sites to understand age and size structure of the spawning population and their effects on fertility.
	Results In Little Traverse Bay, CPUE was highest in 2020 at 12.29, and declined to 0.32 in 2024. This decline in captured Lake Whitefish is accompanied by increasing age and low fertility rates. In Little Traverse Bay, the average age increased from 20.3 years in 2020 to 20.9 years in 2023 with the oldest fish in 2020 being 27 years and 30 years in 2023 (Figure 2). Fish from Little Traverse Bay are the largest and oldest when compared to fish collected for spawning activities in Sturgeon Bay and Elk Rapids Lake Michigan sites (Figure 2, Figure 3). The average fertilization rate from Little Traverse Bay is less than 45%, compared to more than 60% fertilization rate in both Elk Rapids and Sturgeon Bay (Figure 4).
	Figure 2. Age distributions of Lake Whitefish captured during October-December from 2017-2024 for three northern Lake Michigan sites: Elk Rapids (ER) , Little Traverse Bay (LTB), and Sturgeon Bay (SB).
	Figure 3. Length (mm) distributions of Lake Whitefish captured during October-December from 2017-2024 for three northern Lake Michigan sites: Elk Rapids (ER), Little Traverse Bay (LTB), and Sturgeon Bay (SB).
	Figure 4. Fertilization rate (%) for Lake Whitefish spawned from 2017-2024 at three northern Lake Michigan sites: Elk Rapids, Little Traverse Bay, and Sturgeon Bay.
	Discussion The success of any aquaculture effort is directly impacted by the quality and quantity of eggs the female produces. The information we document in our fall collections of Lake Whitefish eggs centers on the quantity and quality of eggs. However, we do not record any information on the quality or quantity of the fish’s milt. Inferences from this study should be considered with this limitation. Additionally, egg information and the associated fertility rates were collected after the combination of the gametes. For example, the relationship between a female Lake Whitefish’s size and the number of eggs produced is well understood for Little Traverse Bay, Sturgeon Bay, and Elk Rapids. The relationship between local populations of male Lake Whitefish and their milt in relation to any other variable is unknown. Several variables should be considered in the future, barring logistical issues, for gamete collection that involves quantifying and assessing milt quality. Milt is often examined in other husbandry practices and has been shown to affect fertility rates.
	Lake Whitefish egg maturation occurs over an unknown period and will vary within a population during the spawning season. This individual variability necessitates large numbers of fish to be collected at the same time in the hopes that a portion of them present at the same stage of development. This also presents the opportunity for fish to be spawned that are not completely ready. Generally, these occurrences can be identified after water hardening as duds and not included in future sampling and aquaculture activities. Standardized procedures were implemented across all LTBB egg takes described here and therefore reduced the likelihood of procedural error personified in differing fertility rates. The number of Lake Whitefish available from sampling efforts truncated the number of young fish relative to the population in the lake. Here, we discuss the negative relationship between age, size, and fertility, and Little Traverse Bay shows a relative absence of young fish entering the spawning population (Figure 2). While no fish were spawned that would be considered young fish (age four through six) in this study, Little Traverse Bay has an under-represented proportion of age-six and below cohorts from October to December when compared to Sturgeon Bay and Elk Rapids.
	Figure 5. Map of the location of the Bear River, a tributary of Little Traverse Bay and a historic Lake Whitefish spawning site.
	Aging data from Little Traverse Bay indicate an older and aging spawning population, with average spawning adult age increasing from 20.3 years in 2020 to 20.9 years in 2023, and maximum ages reaching more than 30 years. This demographic shift toward older individuals highlights a significant lack of younger fish entering the spawning population, potentially due to reproductive limitations or low juvenile survival rates. The elevated age structure and associated decline in fertility rates suggest that reproductive senescence could be a significant contributor to the population decline in Little Traverse Bay. Such age-driven reproductive declines underline the necessity for timely management interventions, including enhancing spawning habitat, targeted stocking efforts, and possibly restoring historical river spawning populations, to sustain and rejuvenate the Lake Whitefish stock in Little Traverse Bay.
	Lake Whitefish populations in Little Traverse Bay face a myriad of challenges, including mortality due to fishing pressure and natural causes. Fishing pressure is relatively low and is supported by the Lake Whitefish assemblage being disproportionally comprised  of old and large fish.  Natural  mortality
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	Have you ever wondered what it would’ve been like to have seen the Piedmont regions of the southeastern United States (U.S.) before settlement? Not 200-300 years ago, but thousands of years ago. What a sight to behold! Vast grasslands, savannahs, and prairies, with a few large trees dotting the landscape, and woods without choking understories, creating an open, almost park-like appearance. Warblers, blackbirds, meadowlarks, and many species of sparrows and other songbirds perch on swaying grasses, singing to claim territories. Colorful flowers buzzing with bumblebees and other native pollinators emerge from a mosaic of greens, yellows, reds, purples, and other hues of grasses. Herds of bison and elk graze among the savannahs, taking refuge from the heat of the day along the forest edges or in huge stands of river canebrakes along gently flowing streams. Predators such as cougar, bear, red wolves, and bobcat stalk the edges and forests.
	How did this ecosystem form? Ecosystems are shaped and formed by abiotic and biotic factors that may or may not be dynamic. Some of these ecosystems are dominant and have almost reached a status of relative stasis, but others, like grasslands, prairies, etc., if left alone, will undergo stages of succession unless something interrupts this, whether intentionally or unintentionally.
	Prior to the appearance of humans on the landscape, some ecosystems, such as the Okefenokee Swamp or the Tall Grass and Sawtooth Savannahs in Florida Everglades benefited from frequent fires started by lightning. Eventually, some of these systems would have these processes continued or even increased by the use of fire intentionally set by Indigenous peoples.
	Figure 1. Indigenous people burning grasslands. Depiction courtesy of the Longleaf Alliance.
	It is a well-established fact that Indigenous people have lived in the Piedmont of the southeastern U.S. for over 12,000 years (South Carolina Department of Archives and History). The Piedmont prairies, savannahs, and grasslands were burned and maintained by Indigenous people for the purpose of hunting, travelling, and clearing land for agriculture (Merrell 1989). This created opportunities for animals and plants that favored prairies to move into the Piedmont. Without this use of fire, prairies will continue along the successional stages toward climax forests, usually a mixture of hickory, oak, and other deciduous trees. During the early 1700’s, travelers, explorers, and naturalists made observations about the vast grasslands, savannahs, and prairies while visiting the Southeast, and shared observations that the land has been burned by Native tribes. Naturalist Mark Catesby traveled into the piedmont areas of the Carolinas in the early 1700’s and stated, “In February and March the inhabitants have a custom

	of burning the woods, which causes such a continual smoke, that not knowing the cause, it might be imagined to proceed from fog” (Catesby 1985). John Lawson also traveled to the Piedmont in the early 1700’s and during this time, made frequent references to “large savannahs” and “the woods being newly burnt and on fire in many places” (Rostlund 1957).
	With these and other references to the open grasslands and prairies, combined with the ability to hunt bison and elk, ease of travel, and availability of land for agriculture, the Piedmont areas of the southeast became increasingly attractive to European settlers. By the 1800’s, much of it would be settled. Vast areas were cleared for crops such as corn, cotton, and hay, but the ecological forces that shaped the prairies, such as bison (extirpated through unregulated hunting) and fire (suppressed due to threats to new settlements) would no longer impact the landscape to the degree they once did. With these forces no longer a significant factor, the stages of succession would begin to take over, with vast grasslands progressing to scrubby, shrubby lands almost impossible to traverse, then to pine forests, and eventually deciduous forests.  Today,  all
	Figure 2. Physiographic map of southeastern USA showing Upper Piedmont and South Carolina study area in Union County. Base map from Ireland et al. 1939.
	that remains of the Piedmont prairies and savannahs are patches of land that are being reclaimed by small groups intent on re-establishing this vanishing ecosystem, as well as roadsides and powerline corridors.
	A once vast and highly diverse ecosystem has been mostly replaced by farms and pastures, pine/timber plantations, cotton fields, and thousands of developments, houses, and shopping areas. Evidence of the previous natural ecosystem has been all but eliminated from notice and largely ignored in habitat management curricula, in practices in the field and in much of academia.
	Recently, however, the Piedmont prairie has seen a resurgence   in   importance   and   recognition.
	Figure 3. Restored prairie/grassland by Southeastern Grasslands Institute. Photo courtesy of Southeastern Grasslands Institute.
	This is not to say that no one knew about this ecosystem, but recreation of the historic ecosystem was generally not a desirable management goal. What many had assumed were overgrown fields, actually hid an immense diversity of native grasses, flowers, and other forbs. Biologists, botanists, and scientists began to pay more attention to this diversity and have identified many wildflowers that serve as indicator species of this once vast ecosystem, many of which have disappeared or are in danger of disappearing. In many cases, inadvertent maintenance practices, such as infrequent mowing and/or herbicidal applications, may have unintentionally mimicked the effects of fire, allowing these species to persist and later be rediscovered.
	One such plant is Schweinitz’s Sunflower (Helianthus schweinitzii).
	Figure 4. Schweinitz's Sunflower (Helianthus schweinitzii). Photo courtesy of Marvin Bouknight.
	Figure 5 Georgia Aster (Symphyotrichum georgianum).  Photo courtesy of Marvin Bouknight.
	This beautiful sunflower is found only in South Carolina and North Carolina. Although once locally abundant, it is now rare. It can grow up to 10 feet tall and produces many bright yellow flowers. This perennial sunflower can live 10-15 years and would have greatly benefitted from the periodic fire that reduced competition and increased sunlight availability. Being perennial, the sunflower comes back every year from a fleshy tuber cluster that can still provide food for native tribes, much like its cousin, the sunchoke (Helianthus tuberosus).
	Another plant benefitting from renewed attention is the Georgia Aster (Symphyotrichum georgianum).
	This beautiful aster was a common fall flower of the Piedmont prairies, with a range historically in Alabama, Georgia, Florida, South Carolina, and North Carolina. Both species all but disappeared because they resemble more common species, often went unnoticed and unprotected.
	As part of prairie and grasslands reclamation and restoration efforts, the Catawba Nation has begun reintroducing both Schweinitz’s Sunflower and Georgia Aster to current and historic tribal lands. Collaborative efforts with local groups and universities have resulted in increasing populations, with the goal of restoring these rare and endangered plants to proliferation in Piedmont prairie and savannah restoration project areas on tribal lands and beyond.
	For those who are exploring opportunities to begin these types of restoration projects, it is important to recognize that restoration work can be challenging. Restoration involves far more than planting species in an area. Careful planning and preparation are essential. Basic questions need to be answered: Can we restore this ecosystem? Should we restore this ecosystem? Will our efforts be sustainable and can we manage this ecosystem over the long term? In addition to prairie restoration, the Catawba Nation is undertaking significant efforts to reclaim and restore Giant Rivercane (Arundinaria gigantea).
	Figure 6 Giant Rivercane (Arundinaria gigantea). Courtesy of Marvin Bouknight
	Because fire was historically suppressed, many large canebrakes have nearly disappeared. Rivercane was culturally important for Catawba and other Southeastern tribes, and was used for crafts such as basketry, musical instruments, tools, weapons, etc.
	Figure 7 Rivercane culm used in basketry. Photo courtesy of Marvin Bouknight
	With the loss of Rivercane, the cultural connection also suffered, and the oral teachings of how rivercane was used for basketry and other purposes are slowly disappearing due to lack of suitable materials and the passing of aging master artisans. Management and reclamation efforts for Giant Rivercane involve many additional challenges, especially encroachment of non-native plants that outcompete rivercane. Efforts to suppress and eradicate this competition involve physical removal or chemical suppression, which require long-term monitoring and treatment of outbreaks. One issue that many do not consider when restoring rivercane where remnant populations may occur is the presence of second growth forests that result in large deciduous trees reducing sunlight availability. In many areas, this includes potential considerations to remove large diameter specimen trees that may provide habitat, food, shelter, and cover for many wildlife species, causing a conflict in management.
	Catawba Nation’s restoration efforts for native grasslands, prairies, and savannahs on tribal lands includes areas that are near, in and around buildings, parking lots, roadways, etc. Remediation work in these areas requires chemical elimination of turf grass, which may temporarily result in a period of visually unappealing landscapes. Areas previously may have been green, mowed, and manicured, will be brown and look desolate for a period. Once established, prairie systems involve much different management than simply mowing turf grasses. Additionally, in areas around homes and businesses, these restoration areas face challenges, as some may look at the prairie restoration as unkempt, overgrown, or unruly.  Catawba Nation’s Piedmont prairie restoration strategy focuses on reclaiming pockets of land that can be managed with chemical suppression of non-native grasses and forbs, mowing and vegetative mulching, and where appropriate prescribed fire.
	To accelerate the recovery of Schweinitz’s Sunflower and Georgia Aster, the Catawba Nation has organized collaborative efforts with Davidson College, The U.S. Fish and Wildlife Service, Atlanta Botanical Garden, and others. These collaborations focus on propagating plants from genetically diverse seed sources, and in turn, transplanting these flowers directly into restored and restoration-ready sites. By transplanting actual plants into these areas, Catawba Nation can  monitor  individual  plants and
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