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A B S T R A C T

Collaborative governance arrangements help maximize adaptive potential in the face of rapidly changing 
environmental conditions affecting forest systems to achieve cross-boundary stewardship goals. In part, the 
success of these cooperative efforts stems from their ability to enable exchange or “bridging” across knowledge 
systems (e.g., Western scientific, local, and Indigenous). Bridging knowledge systems can generate new insights, 
overcome power imbalances, and contribute to a sustainable future. There is a growing recognition of the 
benefits of including Indigenous knowledge and community perspectives in environmental collaborations. Yet, 
there is a need for more context-specific insights to enable equitable collaborative governance and knowledge 
exchange with Indigenous Nations. To explore this gap, we conducted semi-structured interviews with 22 forest 
stewards associated with state agencies (n = 12) and Tribal Nations (n = 10) in present-day Maine (U.S.A). We 
argue that while different knowledge systems are highly valued and respected by forest stewards, barriers 
including Western and Indigenous paradigmatic incongruities, inflexible institutional arrangements, and socio- 
political tensions limit cooperation. We recommend recognizing the inherent adaptability and sovereignty of 
Indigenous Nations, encouraging cross-cultural engagement at the outset of project planning, and establishing 
new institutions that embrace ‘two-way’ knowledge exchange. An awareness of these dynamics has the capacity 
to transform governance systems and improve forest stewardship outcomes.

1. Introduction

Forest systems are impacted by pressing threats such as climate 
change, invasive plant species, insects, and pathogens. The rapid 
intensification of environmental impacts is driving a shift away from 
historically predictable forest conditions towards future uncertainty, 
prompting greater focus on more adaptive approaches to steward 
changing forests (D’Amato et al., 2023; Janowiak et al., 2014). These 
socio-environmental challenges affect a mosaic of land ownership pat
terns and communities across multiple temporal and spatial scales, 
necessitating that forest stewards to deepen their understanding of 
natural and cultural resources, along with ecosystem dynamics (Adade 
Williams et al., 2020). This framing is essential to strengthen the 
adaptive capacity of forests and must “evolve with the institutional and 
organizational (i.e. governance) aspects of management” (Olsson et al., 

2004, 75). Therefore, learning to successfully adapt to changing condi
tions in forested landscapes through collaborative governance is often 
cited as critical to equitably addressing these social, ecological, and 
cultural issues (Tengö et al. 2014; Gómez-Baggethun et al., 2013; IPCC, 
2022).

Increasingly, scholars have been exploring how collaborative 
governance facilitates exchange between diverse knowledge systems (i. 
e., Western scientific, Indigenous, and local) to strengthen ecosystem 
stewardship, enhance participatory processes, and achieve climate 
adaptation goals (Reo, 2010; Fischer and Jasny, 2017; Armitage et al., 
2011; Carmona et al., 2024). Rathwell et al. (2015a, 2015b) explore this 
relationship through the concept of bridging knowledge systems, which 
they describe as “maintaining the integrity of each knowledge system 
while creating settings for two-way exchange of understanding for 
mutual learning” (Rathwell et al., 2015a, 2015b, 853). Fig. 1 explores 

* Correspondence to: 81 Carrigan Drive, Burlington, VT 05404, USA.
E-mail address: r.h.swanwick@gmail.com (R.H. Swanwick). 

Contents lists available at ScienceDirect

Environmental Science and Policy

journal homepage: www.elsevier.com/locate/envsci

https://doi.org/10.1016/j.envsci.2025.104241
Received 30 March 2025; Received in revised form 30 September 2025; Accepted 4 October 2025  

Environmental Science and Policy 173 (2025) 104241 

1462-9011/© 2025 Elsevier Ltd. All rights are reserved, including those for text and data mining, AI training, and similar technologies. 

https://orcid.org/0000-0001-7177-3914
https://orcid.org/0000-0001-7177-3914
https://orcid.org/0000-0002-2570-4376
https://orcid.org/0000-0002-2570-4376
mailto:r.h.swanwick@gmail.com
www.sciencedirect.com/science/journal/14629011
https://www.elsevier.com/locate/envsci
https://doi.org/10.1016/j.envsci.2025.104241
https://doi.org/10.1016/j.envsci.2025.104241


this relationship through a conceptual infographic that exemplifies how 
knowledge exchange benefits adaptive capacity through collaborative 
governance arrangements.

Recently, Indigenous knowledge (IK) systems have received consid
erable recognition for providing key insights to strengthen climate 
adaptation and forest stewardship (Tengö et al. 2014; Reo et al., 2017a, 
2017b, 2017c; Adade Williams et al., 2020). The specific contributions 

of IK include benefits such as: i) sustaining pathways for Indigenous 
Peoples to develop culturally inclusive adaptive strategies (Daigle et al., 
2019), ii) finding complementary parallels to strengthen Western sci
entific knowledge (SK) and IK systems simultaneously (Rathwell et al., 
2015a, 2015b; Reed et al., 2022), and iii) facilitating adaptive planning 
that prioritizes cultural values, justice, and equity (IPCC, 2022).

However, historic and ongoing inequities have marginalized 

Fig. 1. Cross-cultural knowledge exchange for collaborative approaches to forest adaptation. This infographic depicts the role of knowledge exchange across diverse 
knowledge systems (i.e., western scientific, Indigenous and local) to enhance adaptation for environmental change through collaborative governance arrangements. 
Forest systems will face a range of social, ecological, and cultural impacts that will require stewardship across jurisdictional boundaries and multiple spatial/temporal 
scales. Some of these challenges are illustrated in the figure above and include (A) tree mortality from climatic stress, (B) a shortened harvesting window, (C) threats 
to cultural lifeways (i.e., basketmaking), (D) impacts from freeze-thaw cycles, (E) invasive plant species and (F) forest pests (e.g., emerald ash borer, Agrillus pla
nipennis Fairmaire). Cross-cultural collaborations between different organizations and actors within unique governance arrangements offers pathways for equitable 
knowledge exchange to maximize adaptive potential across the landscape. The graphics used here were sourced with permission from UMCES IAN Symbol library 
(ian.umces.edu) and licensed from Adobe Stock.
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Indigenous Peoples and delegitimized IK (Latulippe and Klenk, 2020; 
Held, 2019; Tuhiwai Smith, 2021). SK and technical assessments have 
more commonly provided the dominant lens whereby climate change 
and adaptation are understood by scientific, policy, and practitioner 
communities at large (Tengö et al. 2014; Whyte, 2013; Tormos-Aponte, 
2021). In cases where IK is recognized for its role in designing climate 
actions, such as the Paris Agreement, many scholars argue that this in
clusion is superficial, lacking references to specific practices, values, and 
participatory approaches needed to proactively engage Indigenous 
Peoples in governance (Carmona et al., 2024; Tormos-Aponte, 2021). 
The “ontological oppression” (Held, 2019, 2) of IK increases the rami
fications of shifting environmental regimes that will disproportionately 
compound the vulnerability of Indigenous Peoples, whose cultures, 
knowledge systems, and rights to self-determination are inextricably 
linked to the landscape (Voggesser et al., 2013; IPCC, 2022).

Therefore, while knowledge exchange strengthens climate adapta
tion, it is equally important to acknowledge that this process is negoti
ated through governance systems that inhabit distinct histories, values, 
and power dynamics (McGregor et al., 2020). Some studies found that 
collaboration between non-Indigenous and Indigenous governments 
were not often achieved adequately or equitably across regions. Often, 
existing institutional arrangements lacked dedicated participatory 
mechanisms that attended to Indigenous priorities and concerns- 
ranging from the recognition of Indigenous rights and forest stewardship 
values to cross-cultural decision-making norms (Baumflek et al., 2021; 
Wyatt et al., 2013; Carmona et al., 2024). Reo et al. (2017a, 2017b, 
2017c) note that “blind spots” in the literature remain, including a lack 
of context-specific information to support collaborative environmental 
governance that engages Indigenous Nations as 
government-to-government partners and enables knowledge exchange 
for environmental stewardship (Reo et al., 2017a, 2017b, 2017c).

To gain a nuanced understanding of knowledge exchange between 
State actors and Indigenous Nations, we highlight forest stewardship in 
Maine, a state located in the Northeast region of the United States. In 
Maine, there are ongoing conflicts surrounding natural and cultural 
resource stewardship, claims to land and water, and Indigenous Peoples’ 
rights to self-determination between the state of Maine and the four 
federally recognized Tribal Nations (the Penobscot Indian Nation, Pas
samaquoddy Tribes, Mi’kmaq Nation, and the Houlton Band of Maliseet 
Indians) known collectively as the Wabanaki Nations (Voggesser et al., 
2013). Here, we characterize experiences from forest stewards in Maine 
who are associated with either a state agency or one of four Wabanaki 
Nations, who will also be referred to as Tribes throughout this paper. 
This study explores how participants i) understand and value diverse 
knowledge systems related to forest stewardship and ii) describe how 
ongoing Tribal-state relations enable and/or constrain knowledge ex
change, collaborative governance, and climate change adaptation for 
forest stewardship.

2. Background

2.1. Tribal-state relations and Tribal sovereignty

One of the most challenging and insufficiently examined inter- 
jurisdictional relationships is between states and Tribal Nations. While 
there has been extensive study of federal-state and federal-Tribal re
lationships, few have explored connections between state and Tribal 
governments (Jarding, 2004). This gap is the result of compounding 
factors including i) the complexity of state-specific legislative agree
ments with Tribal Nations and ii) a turbulent national political history 
resulting in a lack of clarity on Tribal sovereignty (Webster, 2020; Bays 
and Fouberg, 2002).

Tribal sovereignty asserts that Tribes retain their inherent right of self- 
governance based on their status prior to colonization (Steele, 2018). 
However, inconsistent federal policy over past centuries has contributed 
to conflict and ambiguity in Tribal expressions of self-determination 

(BIA, 2023; Bays and Fouberg, 2002). This has resulted in a complex 
political landscape further complicated by areas of overlapping land 
ownership and often non-contiguous Tribal land parcels across states 
(Webster, 2020). Despite this, the adjacency of Tribal and state lands 
offers an opportunity to leverage collaborative cross-boundary gov
ernment-to-government partnerships for climate adaptation (Reo, 
2010).

In Maine, what presently sets the status of Tribal-state relations apart 
from the rest of the nation is largely the result of a unique agreement on 
Tribal jurisdiction articulated in the Maine Indian Land Claims Settle
ment Act (MICSA) of 1980 (Friederichs, 2023). While this act marked a 
turning point in Maine’s Tribal-state relations by resolving disputed land 
claims and providing compensation for Tribes as settlement. MICSA 
simultaneously included unconventional language that treats Wabanaki 
Nations as municipalities subject to Maine law, despite their federally 
recognized sovereign status. Studies have documented MICSA’s nega
tive impacts on Wabanaki Nations’ economic development and access to 
environmental protections in comparison to federally-recognized Tribal 
Nations nationally (Manahan, Catherine, 2016; Medford et al., 2022).

Ultimately, MICSA inhibits the accessibility of federal Indian policy 
where such policies “affects” Maine state law (Friederichs, 2023, 333). 
This has resulted in delays and barriers for Tribes to access federal ser
vices such as disaster relief funding and benefits associated with the 
Environmental Protection Agency’s approval of Tribes for 
Treatment-as-a-State (Friederichs, 2023; Manahan, Catherine 2016). 
There have been several thwarted efforts to amend MICSA, but oppo
sition to the act remains (Tomer, 2021). Despite the persistence of 
MICSA, alternative agreements, which aim to improve Tribal-state re
lations between the state of Maine and Wabanaki Nations have devel
oped. In 2022, the Tribal-State Collaboration Act was enacted to 
promote dialogue and “positive government-to-government relations” 
(Maine Legislature, 2022, §11053; Reid, 2022).

3. Methods

3.1. Study area and participants

In Maine, forests cover the majority of the landscape (~89 %) and 
almost all (~96 %) of those forests are suitable for timber harvesting. 
Definitions of forest resources are based on the USDA Forest Service’s 
Forest Inventory and Analysis program, which defines forests as lands 
with a minimum of 10 % canopy cover by trees of any size and that are 
not subject to uses limiting natural tree regeneration and succession 
(Forest Definitions Applied in Reporting, 2024). The forestry industry 
has historically been, and continues to be, an important part of Maine’s 
economy; therefore forest ownership is an important factor in forest 
stewardship. The majority of forests are privately (~92 %) owned pre
dominantly by corporate and family forest owners (USDA Forest Service, 
2021) with a subset of ownership by Tribal Nations (~1 %) (Butler, 
2018). Public lands managed by state and federal agencies comprise 
about 8 % of remaining land holdings (USDA Forest Service, 2022). The 
land holdings among state agencies and Tribal Nations cover 
wide-ranging sub-regions throughout the state (Fig. 2).

In this study, twenty two forest stewards participated from state 
agencies (n = 12) and Tribal Nations (n = 10). State agency participants 
were actively employed by a Maine state agency, including the Maine 
Department of Agriculture, Conservation and Forestry, Department of 
Environmental Protection and Department of Inland Fisheries and 
Wildlife. Tribal participants were either employed by and/or a member 
of one of four federally recognized Tribal Nations in Maine. Seven Tribal 
participants worked for a Tribal government, while three Tribal par
ticipants held important community roles including traditional 
harvester, artisan and community leader.

We utilized key informant and snowball sampling to identify inter
view participants. An initial group of participants (n = 7) were con
tacted through personal and professional connections among the 
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studies’ authors. Following interviews, participants provided recom
mendations of additional participants (n = 15) for our study.

The interview guide was tested and revised by the research team and 
colleagues before the study began. The study received human subject 
approval issued by the University of Vermont Institutional Review Board 
(IRB) (STUDY00002132). There were several considerations made in 
the study design to ensure ethical processes and outcomes specific to 
working with Tribal Nations. All study data was provided to partici
pating Tribal Nations with participant consent. Compensation was 
offered to study participants through Continuing Education Credits 
through the Society of American Foresters and Tribal participants were 
also offered an honorarium. Our study was guided by the principles of 
Free Prior and Informed Consent (FPIC) that honors Indigenous Peoples’ 
rights to self-determination and free agency to give or withdraw consent 

in projects impacting their homelands (FAO, 2016).

3.2. Data collection

Before participant interviews, a demographic questionnaire was 
distributed. Interview length varied across participants, ranging from 45 
to 150 min. Interviews were semi-structured and informed by an inter
view guide with 12 primary questions (Supplementary Material 1).

The majority of interviews took place virtually via Zoom, while one 
interview was conducted in-person. The interviews were recorded via 
video and audio, which were transcribed. All interview transcripts were 
evaluated to verify accuracy and deidentified. The final transcripts were 
shared with each interviewee (i.e., member checking) to ensure accu
racy and allow participants to edit their interviews for use in this study 

Fig. 2. Map of study area and state/Tribal land ownership across Maine. Data sourced from the 2020 US Census Tract Data (Tribal lands) and the Maine Conserved 
Lands database (state lands).
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(Hay and Cope, 2021).

3.3. Coding and analysis (158)

Interview transcript were coded in NVivo 14 software (QSR Inter
national Pty Ltd 2022). Forty-five percent of interviews were coded by 
two coders (i.e., primary researcher and secondary research assistant), 
using Cohen’s kappa coefficient (k) (Cohen, 1960) to test inter-coder 
agreement between each interview transcript (Campbell et al., 2013). 
This iterative approach follows the constant comparison method, where 
coders discussed codes with low kappa scores, reached agreement, and 
updated codes accordingly (Emerson et al., 2011). This process 
continued until the codebook was finalized (Supplementary Material 2). 
The primary coder then coded the remaining transcripts following the 
agreed upon coding scheme.

We used a base size of 4 and determined that the saturation threshold 
was achieved at 5+ 2 (Guest et al., 2020). This guided the number of 
interviews coded using the dual coder method (Creswell and Cheryl, 
2018).

The types of knowledge discussed in participant interviews included 
i) Western scientific, ii) local, and iii) Wabanaki Indigenous knowledge. 
It is important to note, that while there are distinct cultural differences 
among each Wabanaki Nation, this study did not attempt to characterize 
this breadth of nuance in our interviews. The distinction between 
Indigenous and local forms of knowledge was further blurred in the 
Tribal context, where often local and IK were intertwined.

4. Results

4.1. Participants

Of the 22 participants interviewed in this study; 12 individuals were 
state agency employees and 10 individuals were associated with a Tribal 
Nation in Maine (Table 1). Most state agency participants were male (9/ 
12), all identified as white, and the majority were employed in forest 
management for > 10 years (7/12). Across representative state 
agencies, all state agency participants managed > 4000 ha of forestland. 
Tribal participants were predominantly male (4/7), racial identifica
tions were evenly distributed among participants between American 
Indian/Alaska Native (4/7), and white (4/7) (participants could select 
more than one race). The majority of Tribal participants (5/7) were 
engaged in forest stewardship for > 10 years. In terms of hectares 

stewarded, most Tribal respondents (4/7) shared that their Tribal Nation 
managed > 4000 ha and few participants (2/7) managed < 4000 ha 
total.

4.2. Diverse knowledge systems: participant values and beliefs

During participant interviews, state and Tribal participants exam
ined the relationship between knowledge exchange and forest stew
ardship in the context of their unique governance arrangements.

4.2.1. State agency participants
It was acknowledged by 83 % (10 out of 12) of state participants that 

SK carried the biggest weight in their decision-making for forest man
agement. They shared that SK (e.g., published scientific articles) helped 
prioritize divergent management objectives, avoid bias in decision- 
making, and improve transparency in agency processes. State agency 
participants described SK and research from this cannon as integral to 
establishing certainty and validity in their planning and implementation 
process. This, in turn, helped them achieve adaptation goals over time. A 
state participant explained, 

“The work that we do in forest management is really long term. And so, 
having really solid science to inform our decisions related to climate 
change adaptation, feeling really good that we’re making the right deci
sion…Knowing that if we didn’t quite make the right decision, we just 
altered the landscape for many decades.” (S12)

Despite this, 42 % (5/12) of state participants also identified a 
disconnect between SK and knowledge gained by observing environ
mental change on the ground. The latter was referred to as i) local 
knowledge that emerges from communities, contractors, and forestry 
professionals, and ii) Indigenous knowledge derived from Wabanaki Na
tions over generations. In response, the majority of state participants 
advocated for the inclusion of different knowledge sources in forest 
management given wide ranging climate change impacts and future 
uncertainty. However, due to tense Tribal-state relations in Maine, all 
state participants shared that engagement with Indigenous communities 
and knowledge systems was limited. Instead, state participants 
described most readily using local knowledge, to inform forest man
agement. When asked about the value of using different knowledge 
sources one state participant responded, 

“No any one source is ever going to give you the complete answer…I know 
that what happens in the ivory towers of universities, is not always 
reflective of what people observe on the ground. And what people observe 
on the ground can emerge from professional work of a forester over de
cades, or it can emerge from people who know the land and have con
nections with the land in ways that we may not fully appreciate or 
understand, that’s where Tribal knowledge comes in.” (S5)

All state agency participants discussed that they valued different 
sources of knowledge to strengthen decision-making, avoid siloed ap
proaches to management, and create a “360 [degree] discussion” (S11). 
There was also a broad awareness that IK benefited forest stewardship in 
ways that are not fully realized in conventional Western paradigms. A 
state participant provided the following example, 

“When we developed our state wildlife action plan and listed a number of 
species in that plan that we felt needed conservation attention, there were 
a number of [species] recommendations that were made by the Tribes that 
weren’t really on our radar…We incorporated many of those based on 
that feedback and it was a good move. It turned out that there’s now 
broader statewide data that supports some of the concerns that the Tribes 
raised back in that planning effort, almost 10 years ago now.” (S4)

In addition, state participants explained that the temporal and spatial 
scales of management motivated their interest in understanding and 
applying diverse knowledge sources for forest management. Participants 
described an awareness of the long term impacts, usually referred to 

Table 1 
Surveyed demographic and land base data across state agencies (n = 12) and 
Tribal Nations (n = 7).

Individual Level Demographic and Organizational Variables

State, n = 12 Tribal, n = 7*

Gender ​ ​
Male 9 4
Female 3 2
No Response N/A 1

Race ​ ​
White 12 4
American Indian/Alaskan Native 0 4

Years in Profession ​ ​
< 10 years 5 2
< 20 years 3 2
< 30 years 2 1
> 30 years 1 1
No Response 1 1

Land Base Size ​ ​
400–4000 ha 0 2
> 4000 ha 8 4
No Response 4 1

*Three Tribal participants did not provide demographic data and therefore their 
responses are not represented in this table.
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through harvest rotation ages (i.e., 60–100 years), of their management 
practices. They ascribed achieving a greater resiliency to the inclusion of 
a diversity of perspectives that improved their climate adaptive re
sponses state-wide overtime.

4.2.2. Tribal nation participants
All Tribal participants described an inseparable relationship between 

Wabanaki IK and forest stewardship for climate adaptation, with five 
themes emerging. First, 80 % (8/10) of Tribal participants explained 
that adaptation to environmental change was embedded in their cultural 
ways of being. Only recent increases in the Western scientific and policy 
spheres describing climate adaptation, has necessitated calls among 
non-Indigenous funders and partners for Tribal Nations to explicitly 
make these distinctions.

Second, all Tribal participants expressed a sense of “collective 
accountability and individual responsibility” (T10) towards incorpo
rating the Indigenous dimensions of forest stewardship. This includes an 
awareness of culturally significant places, species, and natural commu
nities embedded in forest stewardship. Tribal participants described 
varying degrees of knowledge exchange informally (e.g., connecting 
with family, community members and traditional knowledge holders) 
and formally (e.g., engaging with Tribal Historic Preservation Offices 
and Tribal Councils) to ensure that Wabanaki values aligned with forest 
stewardship approaches. For example, a Tribal participant explained the 
role of IK for Tribal foresters, 

“I think what makes it unique with the Tribes is the knowledge is not your 
typical knowledge, it brings in that cultural piece. Which is huge because 
it’s not the normal. Bringing that cultural piece makes the foresters very 
conscious when they’re cruising…And so it makes that knowledge a little 
more complete.” (T4)

Third, Tribal participants explained that Western science greatly 
contributes to their forest management, especially in developing silvi
cultural prescriptions for climate adaptation in three out of the four 
Wabanaki Nations managing forests for timber revenue. However, 80 % 
(8/10) of Tribal participants felt that SK was “compartmentalized” (T7) 
in its view of the natural world and that this approach did not always 
align with Wabanaki worldviews that favor a more holistic perspective. 
The paradigmatic inconsistency discussed by 40 % (4/10) of Tribal 
participants, was that regulations self-set by Tribal governments and 
communities were stricter compared to Western scientific standards for 
forest stewardship (e.g., riparian buffer zones and annual allowable 
cuts). Tribal participants described that stewardship standards were 
motivated by their cultural relationships with the natural world in 
addition to Western scientific guidance. A Tribal participant provided 
the following account, 

“Regulations…to minimize the impact of forest management are more 
rigorous on Tribal land…What the general Western science and forest 
management says is an annual allowable cut for the Tribe is not what we 
follow…we have lighter touches, less frequent entries. And I think that’s a 
little unique to forestry for the Tribe.” (T5)

Fourth, Tribal participants commonly shared that they were “strad
dling” (T2) Western and Indigenous ways of knowing in their ap
proaches to forest stewardship. Many participants indicated that it was 
challenging to make sense and “justify” (T1, T2) applying SK and IK 
simultaneously, particularly when the latter approach may be less 
operationally or economically efficient. Although challenging, one 
Tribal participant explained that “taking every perspective into account 
is part of this job, I feel like that I owe the Tribe and our people. I think 
using the best science available and also remembering where we came 
from.” (T1)

Lastly, 60 % (6/10) of Tribal participants referenced the temporal 
scale of stewardship in the context of multiple generations. Two par
ticipants specifically mentioned a “seven generations” (T4/T7) philos
ophy to convey the long-term nature of stewardship. Participants 

explained that this mind-set, associated with Indigenous ways of 
knowing, conveyed a responsibility for future generations. Widely, 
participants described a mismatch between efforts to articulate their 
generational stewardship goals within Western defined time frames (i.e., 
rotation ages (~60–100 years), political appointments and grant fund
ing cycles).

4.3. Collaborative governance and knowledge exchange: participant 
perceptions on cross-cultural partnership

Participants in our study also discussed perceptions of collaboration 
between state agencies and Tribal Nations. Both participant groups 
shared an interest in improving partnership between state agencies and 
Tribal Nations but described barriers to improving Tribal-state relations 
including a i) complex socio-political environment, ii) lack of institu
tional support for Tribal-state exchange, iii) finite capacity, and iv) 
limited opportunities for co-produced stewardship goals.

4.3.1. State agency participants
All state agency participants described a desire to strengthen part

nership and dialogue with Tribal Nations. Participants commonly 
identified specific projects that connected state agency priorities to 
those of Wabanaki Nations. For example, they suggested enhancing 
conservation of culturally important species (e.g., black or brown ash 
[Fraxinus nigra Marsh.]), emerald ash borer (Agrilus planipennis Fairm
aire) monitoring and response, and expanding opportunities for Tribal 
members to harvest cultural materials (e.g., ash trees for basketmaking).

State participants explained that partnerships with Tribes were in the 
beginning stages and required more time and investment to develop 
cross-cultural relationships and build trust. Sixty-seven percent (8/12) 
of state agency participants expressed that it was difficult to navigate 
establishing dialogue with Tribal Nations. They explained that discus
sions at “higher levels” of state government encumbered their ability to 
forge relationships. For example, a state agency supervisor described, 

“I think that Tribal realm is a difficult nut to crack…it takes time to 
develop those relationships on both ends. And I will say one of the chal
lenges is we need to be continually aware of discussions that are 
happening with the Tribes at much higher levels than we’re working.” 
(S5)

Participants shared related fears that reaching out to Tribal members 
could exacerbate existing tensions or reinforce negative perceptions. A 
state agency participant explained, 

“I wouldn’t know who to go to or what the appropriate way to reach out 
would be. And I’m someone who is really fearful of disrespecting people. I 
think that’s something that I need to learn more about…there’s some 
unease and anxiety associated with it, because I don’t want to contribute 
to any sort of negative interaction or experience. I really want to foster 
positive experiences.” (S12)

Informing this challenge, 42 % (5/12) of state participants expressed 
that a lack of institutional guidance stifled cross-cultural dialogue. State 
participants described that most connections across state agencies and 
Tribal Nations were formed through personal relationships, rather than 
state directed partnership. In turn, staff turnover resulted in relationship 
loss over time.

Distinct from these personal connections, 33 % (4/12) of state par
ticipants described that formal examples of Tribal-state partnership 
existed, related to fulfilling federal funding requirements or legislative 
directives for Tribal engagement. However, these efforts had limited 
engagement and were not often co-developed with Tribal Nations. In 
describing the importance of gauging Tribal perspectives when building 
cooperatives norms, one state agency participant said, 

“Do we have any idea how they [Tribal partners] felt on their side of this 
whole process?…The reason I’m asking is because if we don’t know how 
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they [Tribal partners] felt about the process then that’s the floor that 
we’re building our relationship on." (S11)

There was an awareness across 58 % (7/12) of state participants that 
state agencies needed to prioritize expanding opportunities for Tribal- 
state collaboration to improve cross-cultural knowledge exchange. 
Nonetheless, state participants identified limitations in their capacity to 
identify training opportunities, invest time in relationship building, and 
consequently determine where they had a “deficit in understanding” 
(S2). Participants connected this challenge back to the lack of institu
tional support from their associated agency to direct equitable 
government-to-government relationships across cultures. State partici
pants were simultaneously aware that forming these institutional 
structures would take time. Therefore, one state participants suggested 
moving at “the speed of trust” (S11) to establish solid institutions and 
relationships across state agencies and Tribal Nations.

4.3.2. Tribal nation participants
Across all interviews, Tribal participants were similarly interested in 

enhancing collaborative governance. Forty percent (4/10) of Tribal 
participants mentioned that finding commonalities across cultures is 
integral to furthering dialogue and establishing trust. But when it came 
to finding common ground, 80 % (8/10) of Tribal participants cited the 
socio-political status of Tribal-state relations in Maine as a primary 
obstacle to relationship building. Tribal participants described two 
interrelated barriers. First, ongoing political challenges such as juris
dictional authority over stewardship, land access and environmental 
protection, eroded trust in state government. This led many Tribal 
participants to perceive the state as an “obstacle to sovereignty” (T8), 
which undermined potential for equitable government-to-government 
partnership.

Second, 30 % (3/10) of Tribal participants noted that these political 
hurdles further divided the state according to Indigenous and non- 
Indigenous identities. Participants explained that this division created 
“embedded fear” (T9) across groups with different identities. A Tribal 
participant provided the following perspective, 

“The state, I don’t know if it’s coming from a place of fear of losing ul
timate control or a place of ‘we’ve always done it this way’. They see the 
Tribes as an adversary and that the Tribes are trying to take something 
away from the state, the state leaders, the legislature, the powers that be. 
They don’t see everything that the Tribes bring…I think if the state started 
working with the Tribes as partners, there would be no end to what could 
be accomplished.” (T7)

Where participants perceived opportunities for partnership, such as 
state use of Tribal data (e.g., spruce budworm [Choristoneura fumiferana] 
and emerald ash borer monitoring), many Tribal participants explained 
that there was limited discussion from the state on outcomes of these 
shared efforts. Those Tribal participants felt that these were missed 
opportunities to forge more reciprocal relationships between the state 
and Tribes. They perceived that increasing “back and forth” (T8, T7) 
with the state had the potential to improve their collective adaptive 
responses (e.g., forest pest outbreaks).

Three Tribal participants identified a general lack of knowledge 
about Tribal affairs among non-Indigenous groups in Maine, as a further 
contributing factor to inhibiting relationship building. This was 
described as an “inability to grapple with the original sin of the state: 
stealing the land, selling it, denying access rights, and citizenship,” (T9) 
which stifled their capacity to collaborate and engage in dialogue with 
state partners. One Tribal participants pointed out, 

"It’s always like [there’s] an elephant in the room when you have con
versations…there has clearly been some issues over the course of history. 
And I think Tribal Nations and Tribal staff understand that. But a lot of 
times the department staff at the state level have no idea that’s been the 
case or is still the case…I think it should be a big point to educate state 
workers about that.” (T5)

Tribal participants also shared that institutional incongruities be
tween Western and Indigenous knowledge systems constrained part
nerships and risked treating knowledge exchange as transactional. 
While Tribal participants experienced a growing interest from external 
partners to engage with Tribal Nations, 40 % (4/10) of Tribal partici
pants shared that partnership conditions, such as short-term grant cycles 
or deliverable oriented outcomes, limited more sustained collaborative 
potential. This was described by one Tribal participant as a “one and 
done” (T7) attitude to working together. Instead, participants suggested 
approaches that re-center power on Tribal Nations such as expanding 
land access for Tribal members, co-producing stewardship priorities, 
and reimagining greater institutional flexibility to bridge knowledge 
systems.

5. Discussion

Our study reveals that different knowledge systems are highly valued 
and respected by forest stewards across diverse governance arrange
ments (i.e., state agencies and Tribal Nations). This is aligned with 
related research findings that suggest exchange across knowledge 
sources enriches adaptation far beyond any singular way of knowing 
(Berkes and Armitage, 2010; Rathwell et al.,2015a, 2015b). And while 
that was the goal for most state and Tribal participants, the findings 
presented here are indicative of the struggle to make sense of different 
knowledge systems that are at times divergent at the actor and gover
nance level (see Fig. 3).

The application of SK to inform climate adaptation was widely 
referenced by both state and Tribal participants, with state participants 
generally conveying a greater reliance on SK to guide decision-making. 
However, gaps in emerging SK have been identified, including a lack of 
applicable climate adaptation science at the local management-scale 
(Kemp et al., 2015; Williamson and Nelson, 2017). In response, state 
and Tribal participants often indicated that place-based knowledge (i.e., 
local and Indigenous) served to overcome the limitations of SK, which 
was at times disconnected from the operability, cultural values, or 
economic considerations needed for on-the-ground decision-making. 
This aligns with global trends across governments, academics, and 
non-governmental organizations that recognize the growing role of IK 
contributions to improve responses to the climate crises. For example, 
the IPCC Working Group III Report highlights how lessons from Indig
enous and local knowledge systems strengthen climate policy measures 
(IPCC, 2022). The United Nations Declaration on the Rights of Indige
nous Peoples calls for a respect of the contributions of Indigenous 
knowledge in environmental management as a primary guiding princi
ple (UN General Assembly, 2007). In addition, an analyses of references 
to the contributions of Indigenous Peoples in Nationally Determined 
Contributions (NDCs) under the Paris Agreement, found that States ac
tors most often cited the inclusion of IK systems as a tool to advance 
climate governance (Carmona et al., 2024). Therefore, we suggest that 
climate adaptation recommendations serve as an opportunity to bridge 
diverse knowledge systems and develop context-specific strategies that 
address the uncertainty associated with climate change.

This study also highlighted various paradigmatic differences be
tween SK and IK. Tribal participants noted that environmental standards 
and regulations for forest stewardship set by each Tribal Nation were 
stricter on Tribal lands compared to non-Tribal lands. Similar findings 
from studies comparing environmental standards such as the monitoring 
of water flow regimes and water quality grades among Tribal versus 
non-Tribal communities were found in Canada’s Northwest Territories 
and Saskatchewan River Delta respectively (Mantyka-Pringle et al., 
2017; Abu and Reed, 2018). In the case of the Saskatchewan River Delta, 
Western SK evaluated levels of chemical contamination based on 
particular thresholds of nutrient and pesticide prevalence to determine 
the safety of drinking water. Whereas, Indigenous knowledge holders 
relied on their on-the-ground observations (i.e., water color, fish pop
ulations) over time to identify shifts from a past known state towards 

R.H. Swanwick et al.                                                                                                                                                                                                                           Environmental Science and Policy 173 (2025) 104241 

7 



new and potentially unsafe conditions for drinking water (Abu et al., 
2020). These knowledge discrepancies can serve as opportunities to 
further examine patterns of environmental change over time, which 
sheds light on pathways for adaptation that are most aligned with the 
communities who depend on these natural and cultural resources for 
their lifeways and practices.

These different perceptions across knowledge sources have in-part 
been attributed to the unique epistemological foundations through 
which IK and SK are derived. Scholars characterize SK as based on the 
best available data to validate findings, which constitute a single reality 
such as an annual allowable cut, rotation age, or buffer zone. In contrast, 
IK adopts a systems oriented approach that considers various realities 
and experiences such as stories, community observations, and cultural 
expressions over generations of knowledge production (Held, 2019; 

Reid et al., 2021). Therefore, decisions about environmental standards 
within Indigenous communities are often based on interconnected 
socio-cultural contexts in addition to SK (Mantyka-Pringle et al., 2017; 
Abu and Reed, 2018). These differences do not mean that environmental 
evaluations based on any particular knowledge source or combination of 
knowledge sources are inherently more legitimate than the other. 
However, it does support that insights stand to be gained when multiple 
realities are considered in forest and environmental stewardship more 
broadly.

A conceptual framework with proven success facilitating exchange 
across multiple perspectives within complex systems is Two-Eyed 
Seeing. This approach was coined by Mi’kmaw Elder Albert Marshall 
and encourages learning to see with one eye the strengths of IK and with 
the other eye Western knowledge. Two-Eyed Seeing emphasizes 

Fig. 3. State and Tribal Perceptions of Diverse Knowledge Systems and Knowledge Exchange. These Venn diagrams illustrate the contrasting (i.e., individual circles) 
and similar (i.e., overlapping space) relationships between study participants perceptions from state agencies and Tribal Nations. The content shared in this figure has 
been directly adapted from the presented study results.
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coexistence and complementary values between multiple ways of 
knowing, instead of more historically siloed approaches where one 
knowledge source is privileged over the other (Bartlett et al., 2012). This 
framework has been applied to examine aquatic ecosystem health and 
change (Mantyka-Pringle et al., 2017; Abu et al., 2020), fisheries man
agement (Giles et al., 2016), and the community research field (Smith 
et al., 2023; Wright et al., 2019). We suggest further exploration of 
Two-Eyed Seeing through applications in forest stewardship and policy 
as a pathway to improve knowledge exchange and engagement with 
Indigenous Peoples. Some important areas of inquiry highlighted by 
state and Tribal participants in our study that would benefit from this 
framework include management approaches for forest pests (i.e., spruce 
budworm and emerald ash borer), stewardship of black or brown ash for 
basketmaking, and allyship in state-Tribal collaborations. This is espe
cially salient in current times of socio-ecological crisis, where actors and 
their associated governance structures benefit from drawing on all 
available knowledge types, regardless of their source, while simulta
neously working towards decolonialization and power reconciliation 
through collaboration (TallBear, 2014).

Tribal participants also expressed that adaptation to environmental 
change is an ongoing part of their cultural practices rather than an 
emergent strategy. Scholarly representations of this finding are varied in 
the literature. Some studies exemplify Indigenous Peoples’ through their 
inherent capacity to adapt and further provide evidence to support their 
adaptive nature over generations (Abu and Reed, 2018; Tengö et al. 
2014; Nicholas J. Reo et al., 2017,2017a,2017b). Other studies highlight 
the vulnerability of Indigenous Peoples and tend to focus on initiating 
adaptation practices through Western governance at high policy levels, 
aiming to benefit Indigenous communities (IPCC, 2022; Eriksen et al., 
2021).

Our observations in Maine and of the global literature reveal there is 
legitimacy to both perspectives. Adaptation is intertwined with Indige
nous lifeways and knowledge systems, which offer insights for 
responding to environmental change. In addition, socio-political re
lations influence the vulnerability of marginalized communities, 
including Indigenous Peoples’, and high-level adaptation interventions 
that do not account for inequity may further constrain Indigenous Na
tions. We propose an approach that connects these perspectives by 
recognizing the impact of socio-political systems on vulnerability while 
simultaneously enabling Tribal Nations to leverage their inherent 
adaptive capacity through self-determination.

Among state and Tribal participants, there was broad interest in 
environmental collaborations across cultures to facilitate knowledge 
exchange for climate adaptation. Yet state participants struggled to 
approach establishing these relationships, in part due to lack of capacity, 
fears of exacerbating Tribal-state tensions, and the failure of socio- 
political institutions to support Indigenous self-determination. The 
literature demonstrates that co-production and collaboration across 
governments is most successful at the onset of a cooperative process 
(Reo et al., 2017a, 2017b, 2017c; Tengö et al. 2014). When possible, 
facilitating consultation between cross-cultural partners at the concep
tual stage of project development will streamline collaborative efforts 
and establish the institutions needed to bridge diverse knowledge sys
tems (Reo et al., 2017). We propose a further examination of successful 
regional cooperative models for Indigenous participation globally to 
improve institutional flexibility and accommodate a co-created vision 
for governance. Some examples include the intergovernmental Arctic 
Council and the Coordinating Body of Indigenous Organizations of the 
Amazon Basin (COIA) (Tormos-Aponte, 2021).

In our study, the lack of direct feedback from the state on program 
outcomes related to monitoring culturally significant species (i.e., 
emerald ash borer impacts on black or brown ash), underscores a lack of 
reciprocity that further constrains collaboration. Existing institutional 
pathways for Tribal-state collaboration such as state, national, and 
global programmatic initiatives, creating forest management plans, and 
planning commissions are all opportunities to further embrace cross- 

cultural dialogue, learning, and self-determination. In an effort to 
emphasize reciprocity, findings from this study will be shared directly 
with all study participants.

It is also important to mention that knowledge exchange is not a ‘one- 
way’ process. Tribal interviewees suggested that non-Indigenous part
ners deepen their understanding of Tribal relations in Maine to benefit 
cross-cultural working relationships. We suggest a further reflexive ex
amination of how dominant institutions and personally held biases may 
impact relationship building. This process may be most effectively 
facilitated by trainings for non-Tribal partners on topics, such as cultural 
competency and unconscious bias, to enhance partnership with Indig
enous Nations.

Similarly, at the outset of this study we anticipated only including 
perspectives from conventionally dominant natural resource manage
ment positions (i.e. forester, natural resource manager). However, after 
receiving feedback from participating Tribal community members and 
government departments, it became evident that this approach would 
not adequately illustrate forest stewardship in Maine. Our study pro
vided evidence that IK is held across a range of community actors- 
including community leaders, Elders, youth, and IK practitioners (i.e. 
medicine people, basket makers, harvesters). Their participation is 
critical to promoting a rights-based participatory approaches to gover
nance (Reo, 2011). This finding is reflected in Canada’s most recent NDC 
under the Paris Agreement, which makes explicit participatory mecha
nisms for collaboration with the Assembly of First Nations, Inuit Tapiriit 
Kanatami and the Métis National Council in national climate governance 
(Carmona et al., 2024). Therefore multi-actor environmental initiatives 
must establish pathways that allow for participation by a range of 
knowledge holders in decision-making (Reo et al., 2017a, 2017b, 2017c; 
Davidson-Hunt et al., 2013).

6. Conclusion and future directions

Our research aims to understand the context-specific conditions 
whereby cross-cultural collaboration can offer pathways to bridge 
diverse knowledge systems and strengthen forest stewards’ collective 
capacity for climate change adaptation at the local and global gover
nance scale. Results from interviews with study participants from state 
agencies and Tribal Nations in Maine highlight the importance of situ
ating Indigenous knowledge within Indigenous Nations and their com
munities to sustain lasting partnerships for forest stewardship. To 
achieve this, we suggest that relationships between non-Indigenous and 
Indigenous partners are central to embracing a diversity of knowledge 
sources. Unique governance arrangements such as co-management and 
co-stewardship, are examples of inter-jurisdictional partnerships that 
have demonstrated value in bridging knowledge systems and advancing 
collaborative problem solving to adapt to environmental change. We 
suggest additional research explore these collaborative arrangements for 
forest systems within specific regional contexts, particularly where the 
involvement of Indigenous Peoples’ is concerned- to examine their po
tential for positive social, environmental, and cultural outcomes.

We have also argued for the recognition of Indigenous Nations as 
government-to-government partners with their own inherent rights to 
self-determination. Honoring the sovereign status of Indigenous Nations 
is foundational to optimizing responses to climate change, bridging 
knowledge systems, and enabling equitable consultation across gov
ernments given rapidly advancing climate impacts. Although the core 
demands of Wabanaki Nations to amend the Maine Indian Land Claims 
Settlement Act and strengthen their rights to self-determination have not 
been met. We encourage the continued implementation of climate ac
tion approaches that uphold Indigenous rights, knowledge, and gover
nance systems across decision-making processes. We suggest approaches 
such as co-developing stewardship goals, allocating funding explicitly 
for priorities defined by Tribal Nations, and expanding engagement with 
knowledge holders beyond conventional institutional norms (e.g., el
ders, youth, artisans and gatherers) to enhance collaboration for 
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knowledge exchange.
Lastly, our study and related scholarly work found that a primary 

challenge for multi-actor environmental initiatives lies in underlying 
Western institutions that do not align with Indigenous knowledge sys
tems. This often forces Indigenous knowledge to fit into Western 
governance arrangements, which has the potential to reinforce colonial 
power dynamics and privilege Western scientific knowledge. We suggest 
that cross-cultural collaboration inform the co-creation of new in
stitutions, which help to reimagine more inclusive and flexible climate 
governance arrangements in Maine and beyond. This approach will 
create pathways for forest stewards operating in similar institutional 
contexts globally, to equitably bridge diverse knowledge systems and 
forge partnerships. A participatory strategy that is paramount to our 
collective capacity to adapt to a highly uncertain climatic future.
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