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ABSTRACT

Namaéw (Menominee; Lake Sturgeon Acipenser fulvescens) have long supported Indigenous culture and food sovereignty but have declined
by over 80% in the Laurentian Great Lakes, exacerbating their sensitivity to climate change. Following interest from Indigenous leaders, we
initiated a partnership-driven effort to (1) assess climate effects and (2) develop potential adaptation options for Namaéw using a participa-
tory, transdisciplinary approach that combines multiple ways of knowing. Through a literature review and nine semistructured conversations
with officials from Indigenous Nations and organizations in the Great Lakes, we identified central themes including access, culture, and fish
persistence. Other concerns included habitat, food web shifts, and water quality. Prominent adaptation themes involved population assess-
ments, stocking, regulations, habitat restoration, interagency coordination, and cultural advocacy. These findings underscore the importance
of partnership-driven research to support Indigenous fisheries through knowledge coproduction and equitable adaptation. Our approach
provides a model to inform stewardship planning for fisheries that are facing global change.

INTRODUCTION
Climate change and Indigenous fisheries
“Indigenous peoples receive deep knowledge from the
environment ... how will we learn when things change?”—
study participant, Lake Superior

Globally, inland fisheries are critically important for food
security and supporting the livelihoods of > 500 million peo-
ple (Funge-Smith, 2018; Nyboer et al., 2022). Inland fisher-
ies also have immense cultural importance, especially among
Indigenous communities, where fishes are viewed as relatives
rather than resources (Shultz et al., 2022). However, climate
change continues to exacerbate the current challenges that are
faced by fish relatives. Climate-induced modification of envi-
ronments, including changes in streamflow, water temperature,
salinity, extreme events, and habitat connectivity can shift fish
physiology, disrupt spawning cues, cause fish extinctions and
invasions, and alter the community structure of fish (Paukert
etal,, 2021). Therefore, understanding how a changing climate
may affect inland fisheries is critical to developing feasible
and effective strategies to support these relationships (Shultz
etal, 2022).

Indigenous fisheries are especially vulnerable to the effects
of climate change given the place-based nature of communi-
ties and relationships (Whyte, 2018). Globally, approximately
400 million Indigenous peoples interact with and steward the
planet’s biodiversity (Garnett et al., 2018). Climate change is
expected to continue to disproportionately affect Indigenous
communities because geographically defined boundaries of
reservations and ceded territories may limit the communities’
ability to follow shifts that occur (Stults et al., 2016). Therefore,
climate change has the potential to disrupt culturally impor-
tant beings, Indigenous food systems, economies, mental and
physical health, and culture, highlighting the urgent need to
develop Indigenous-driven adaptation strategies (Cunsolo
Willox et al., 2013; Kenote, 2020; Lynn et al., 2013; Wyllie de
Echeverria & Thornton, 2019).

The seventh-generation philosophy, embraced by many
Indigenous Nations in North America, emphasizes the impor-
tance of considering the effects of today’s actions on future
generations (Shultz et al., 2022). Among the Ojibwe people,
who are part of the Anishinaabe Confederacy alongside the
Odawa and Potawatomi in the Laurentian Great Lakes region
(hereafter Great Lakes), this principle guides hunting, fishing,
and gathering practices, with a focus on sustaining life and
well-being for seven generations ahead (Box 1; Loew, 2014).
Anishinaabeg (Ojibwe, Odawa, Potawatomi) are encouraged

to make deliberate and thoughtful choices to ensure the preser-
vation and vitality of the natural world for future generations, a
concept that is captured in the term Minobimaadiziwin, mean-
ing “the good way of life” (Shultz et al., 2022). One being that
many Indigenous Nations of the Great Lakes have a strong cul-
tural, spiritual, and subsistence relationship with is Namaéw
(Menominee spelling; Name, Ojibwe; Nmé, Potawatomi; Box
1) or Lake Sturgeon Acipenser fulvescens. For many, including
the Menominee Indian Tribe of Wisconsin and the Little River
Band of Ottawa Indians, Namaéw form a foundational compo-
nent of Indigenous history and culture, where Namaéw serve
as a source of food, an indicator species for environmental
change, and a clan identity (Figure 1; Hannibal-Paci, 1998;
Runstrom et al., 2002).

Following European colonization in the late 1800s to the
early 1900s, Namaéw experienced approximately 90% declines
in abundance (Box 1; Bruch et al,, 2016; Stults et al., 2016).
Despite the closure of commercial and recreational fisheries
due to extensive overharvest throughout the 20th century,
Namaéw failed to rebound due to two primary factors: habitat
fragmentation and theirlife history requirements (Box 1; Stults
et al,, 2016). First, the construction of dams has fragmented
habitat to prevent access to spawning and rearing areas, reduc-
ing natural reproduction (Baker, 2006). Second, Namaéw are
late-maturing (mean age at maturity for males= 15 years, for
females =20 years; Stults et al., 2016) and may spawn intermit-
tently (once every 2—6 years; Baker, 2006). Therefore, recruit-
ment is low, even when populations are large and considered
healthy, and may not be able to compensate for high adult
mortality. The history of decline, persistent effects of habitat
fragmentation and degradation, and life history characteris-
tics make Namaéw more sensitive to additional disturbance
such as climate change. For some Tribes, the disappearance of
Namaéw correlated with the disappearance of Sturgeon Clan
families from their ancestral lands, where very few Sturgeon
Clan remain in the Great Lakes (Box 1; Little Traverse Bay
Bands of Odawa Indians, personal communication). Given
the great cultural and subsistence importance of Namaéw, it
is critical to understand how climate change may affect their
ability to persist in the future and which strategies may be most
effective at supporting Indigenous fisheries adaptation.

Climate adaptation and partnership
“We are running from fire to fire—currently they are small
fires, and we're trying to figure out why fires are starting,
but we understand that fires are going to start more often”—
study participant, Lake Huron
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Box 1. Namé-ogimaa giigonh (sturgeon—king of

the fish) by Eddie Benton-Banai (2008). Excerpt

from Anishinaabe Almanac: Living through the seasons
(Benton-Banai, 2008). Eddie Benton-Banai writes of the
importance and history of Lake Sturgeon for Indigenous
peoples of the Laurentian Great Lakes region. Note:
authors received permission from the original publisher
to reprint this text.

“May wizhaw, long ago, there was a time when the water was
free flowing, without dams or disturbance on every lake, river
and stream. During that time, the water was clean, beautiful
and sweet to the taste. It was then that the beautiful Namé,
or sturgeon, was considered the Chief of the Fish Clans for
the Ojibwe Anishinaabe people, particularly throughout
Wisconsin, Minnesota and Ontario. The sturgeon was also
called “Ogimah” (“the king of all freshwater fish”). This name
helps to explain the relationship that Anishinaabe people have
for their ancient and sacred relatives.

Progress and the encroachment of civilization have brought
many dams, which block and change the natural movement of
the waters. This fact has also altered the migrations of many
spawning fish, including that of the Nameé.

Each year in the early spring, when booming sounds were
made by the melting and cracking of thick ice on the lakes, the
Anishinaabe people knew that the water would soon “turn itself
over.” It was during this time, from the murky dark waters, that
Namé would soon begin to move around, becoming visible in
the shallow spring waters. During the migration upriver, Namé

could be seen, swimming side by side, in numbers so great that
the rivers looked like a solid purple, blue and black mass from
bank to bank. Elders say that the sound of their movement
was like a murmur, rippling across the water onto the land and
through trees like a lullaby in the Anishinaabe way.

When the ice began to break up, the sturgeon would ram
their backs and bellies on the underside of the ice chunks
as it began floating freely through the water. Some of the
younger and braver Anishinaabe would jump onto an ice
chunk in order to get a ride as it was being pushed along on
the back of a big Namé. In that time of long ago, etched in the
memories of Anishinaabe elders, the magnificent sturgeon
Nameé was playful with the human beings. My father, Awke
waynzee Jingo Gezhik, also known as Joe Benton, and others
of the Lac Courte Oreilles Reserve of Wisconsin recalled
riding on the back of a sturgeon. “That’s how big they were
on the Namekagon and Flambeau Rivers, at one time..., “he
would say sadly. Today, there are no longer many sturgeon in
these rivers.

Today many rivers and waterways have been blocked and
dammed up for the sake of industry and development. In many
ways we are much too “civilized,” and for that, the land, the
waters and our animal relatives pay the highest price. The sight,
the sound, the murmur, and lullaby made by Namé may never
be heard by us, or our grandchildren.

But hope is alive and well. When people show care for
the water, through tobacco offerings and prayers, we help to
strengthen the spirit of the water and the creatures that live
there, including Namé, the beautiful sturgeon. Hope is alive!”

Understanding climate adaptation approaches for
Indigenous fisheries (e.g., Namaéw) fills a critical knowledge
gap to support access to rights and lifeways in a changing
world. Specifically, past research on climate change adaptation
for Indigenous fisheries is limited (especially for culturally-
important species; GLIFWC Climate Change Team, 2023),
many habitats are vulnerable to climate disruptions (Embke
et al,, 2023), and reliant Indigenous communities are closely
tied to specific locations (Stults et al., 2016). As the climate
shifts, this presents an opportunity to develop solutions that
address social and ecological change.

To integrate climate adaptation into Namaéw steward-
ship, it is critical to understand the needs of the Indigenous
communities that are the most reliant on Namaéw for cul-
tural, spiritual, and nutritional sovereignty to provide rel-
evant information for decision making (Stults et al., 2016).
Following interest expressed by Indigenous leaders in the
Great Lakes, we initiated a partnership-driven effort that
focused on Namaéw to (1) assess climate change effects and
(2) codevelop potential adaptation options. We used a partici-
patory, transdisciplinary approach to combine multiple ways
of knowing (Meadow et al., 2015; Reid et al., 2021). We used
a literature review along with nine semistructured conversa-
tions with officials from Indigenous Nations and organiza-
tions in the Great Lakes. Here, we present a synthesis of the
partnership-driven process that we used in this work as well as

potential climate effects and adaptation options for Namaéw
that we identified through conversations. Our approach and
findings can be used to inform future collaborations and stew-
ardship planning.

METHODS

“Will [Namaéw] swim 25 million years from now? They go
back farther than that, how will they last into the future?”—
study participant, Lake Superior

Study area—Laurentian Great Lakes region

Namaéw are the only sturgeon that are native to the Great
Lakes and have a wide geographical range (Bruch et al., 2016).
Namaéw make expansive (e.g., >100 km) migrations to spawn
throughout their long lifetimes; thus, these beings connect
habitats, food webs, and peoples across a wide spatial extent.
However, climate change is expected to disproportionately
affect many of these relations among Namaéw and Indigenous
communities because of the geographically limited boundaries
of the reservations and ceded territories, which may limit com-
munities’ ability to follow beings’ shifts because certain tradi-
tional fishing rights are limited to sovereign lands (Stults et al,,
2016). Therefore, we focus on the Great Lakes because it sup-
ports the largest native Namaéw populations and is a critical
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Figure 1. Artwork by Moira Villard, a multidisciplinary artist
with a mixed Indigenous and settler heritage. Moira grew up on
the Fond Du Lac Reservation in Minnesota and is a Fond Du Lac
direct descendant. Concerning this piece, Moira shared, “Like
many kids, I grew up fascinated by dinosaurs and prehistoric
beings; while other little girls would say their favorite animals
were kittens or bears or rabbits, my favorite animals were always
ancient relics that carried the weight of deep time. When I lived
on the Fond du Lac Reservation, I was surrounded by fascinating
plant and animal relatives of all kinds and naturally grew fond of
fish and insects. The sturgeon in particular became a fascination;
they are living dinosaurs—gentle, ancient, and enduring. To me,
they symbolize life that predates and persists beyond human
time. It serves as a reminder of the resilience of the natural world
and the interconnectedness of all life. Through my work, I seek to
honor these connections and explore the ways ancient beings like
Namewag inspire us to consider our place within the vast timeline
of existence.”

area for many Indigenous communities who are still present on
ancestral homelands and maintain hunting and fishing rights in
ceded territories (Figure 2).

Research process
This study was highly collaborative and partnership driven,
involving a core team (authors one through five) that aided in
setting a standardized approach (Meadow et al., 2015). The core
team consisted of individuals from the College of Menominee
Nation, Great Lakes Indian Fish and Wildlife Commission,
and the U.S. Geological Survey Midwest Climate Adaptation
Science Center and was established to span expertise in ethical
Tribal engagement, climate adaptation, fisheries science, and

qualitative research methods. The core team was responsible
for developing research processes, identifying research ques-
tions, facilitating and analyzing semistructured conversations,
and supporting data and knowledge sovereignty for the par-
ticipants (Meadow et al., 2015). Following the conversation
synthesis, all the participants were invited to review the iden-
tified themes and contribute to the study synthesis through
coauthorship. The core team structured the project along
four guidelines: (1) ground all understanding on individuals’
experiences and relationships, (2) coproduce the research with
Indigenous participants, (3) accommodate a flexible timeline
and structure to meet participants’ capacities, and (4) support
data and knowledge sovereignty (Figure 3). Prior to starting
the project, we established a data-sharing agreement that out-
lined data sharing, collection, and protection expectations
using FAIR (Findable, Accessible, Interoperable, Reusable) and
CARE (Collective benefit, Authority to control, Responsibility,
Ethics) principles (Carroll et al., 2021). This study qualified
for an exemption from Institutional Review Board oversight
in accordance with institutional and regulatory criteria. No
personally identifiable information was collected so that the
identity of participants was protected, and all participants con-
tributed through their professional capacities.

Literature review

To understand the potential climate effects on Namaéw
and inform the template analysis (see “Conversation analy-
sis”; Brooks et al., 2015), we conducted a literature review in
January 2023. We used Publish or Perish (Harzing, 2007), a
tool that retrieves and analyzes academic publications, to initi-
ate searches in Google Scholar and organize the search find-
ings for analysis. The years were set to range 2000-2022. The
following search string was entered into the “keywords” field
and returned the following number of peer-reviewed articles:

“lake sturgeon” AND (“climate change” OR “global
warming”) AND (“temperature” OR “precipitation” OR
“drought” OR “extreme weather events”)—997 papers

We conducted a review of the top 150 most relevant and the
top 50 most cited papers following the same process. We first
read through the article titles and abstracts and excluded articles
that were not related to effects of climate change or stewardship
strategies for Namaéw in the region. We conducted full-text
reviews of all the articles with relevant titles and abstracts.

Our initial literature search was conducted in English,
which may have caused us to miss relevant research that was
published in another language. For example, information
that is published in Anishinaabe, such as GLIFWC Climate
Change Team (2023) titled “Aanji-bimaadiziimagak o’ow aki,”
which provides extensive information on Namaéw climate
vulnerability, did not come up in the literature search. So, we
reviewed reports, project overview documents, and additional
peer-reviewed literature that were sent to us by partners and
collaborators in addition to our formal literature search. From
these sources, we synthesized information about the effects
of climate change on Namaéw to develop thematic questions
to structure our conversations (see online Supplementary
Material, AppendixI). The discussion themes included ongoing
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Figure 2. Map of the Laurentian Great Lakes region indicating the approximate locations of the participants’ affiliations. The shaded
areas represent ceded territories, annotated with the year corresponding to each treaty that established these territories.

concerns and management strategies as well as future climate
effects that are related to Namaéw (see online Supplementary
Material, AppendixI).

Conversations
We conducted nine semistructured conversations with offi-
cials from Indigenous Nations or organizations. In the Great
Lakes (Minnesota, Wisconsin, Michigan, Iowa), there are 36
federally recognized Tribes (https://www.bia.gov/regional-
offices/midwest-region). To select conversation participants
(i.e., an Indigenous Nation or organization), the participants
met a series of criteria: the Tribe held a cultural connection to
Namaéw (e.g, Namaéw clan), the organization was an inter-
tribal agency that is responsible for supporting multiple Tribes,
and the representative held experience related to Namaew
through their professional capacity (Figure 2). The participants’
roles included biologists, environmental specialists, natural
resource directors, and Tribal Historic Preservation Officers.
The semistructured conversations were organized around sev-
eral themes to begin the discussions (see online Supplementary
Material, AppendixI), and they were conducted between 2022
and 2023 for approximately 1.5 h each. The first author was

present for all the conversations, and at least one other core
team member (usually 3—4 members) was also present for each
conversation. The conversation notes were completed by amin-
imum of two core team members to document the conversation
verbatim as best as possible regardless of the question asked
and then discussed for agreement. We acknowledge that we
may have missed certain themes given the use of conversation
notes. However given the sensitivity of Indigenous data and
knowledge sovereignty and sharing of cultural information, we
did not record all the conversations because consent was not
provided for audio recordings. However, consent was provided
for a subset of conversations (n=2), which we used to assess
the accuracy of our notes for the unrecorded conversations.
We compared the themes that were present in the conversation
transcripts and notes and found there were minimal (<2 lower
order themes) differences between the transcripts and notes, so
we used conversation notes for the thematic analysis.

We analyzed the notes by using template analysis (see
Conversation review; King, 2004). We acknowledge that these
conversations do not correspond to all the perspectives of
Indigenous Nations or organizations in the Great Lakes, nor
do they capture a complete view of all the climate concerns

620z AINr $Z uo Jasn ss820y Jaquisy SV AQ 61 L L 1Z8/890senA/Bewysy/c601 0 L/I0p/e[oIB-00uBApe/SaLiaysly/wod dno-oiwapeoe//:sdyy wol pepeojumod



6 + Embkeetal.

sovereignty

co- o %, flexibility

production

experience &
relationships

Figure 3. Diagram showing the approach that was developed
for this project, where a core team was responsible for developing
the research processes, identifying the research questions,
facilitating and analyzing the semistructured conversations, and
maintaining data and knowledge sovereignty for the participants.
Following the conversation synthesis, all participants were
invited to review the identified themes and contribute to the
study synthesis through coauthorship, forming a working group.
The project was structured along four central guidelines: (1)
ground all understanding in the participants’ experiences and
relationships, (2) coproduce the research with the participants,
(3) accommodate a flexible timeline and structure to meet the
participants’ capacities, and (4) support data and knowledge
sovereignty.

and possible adaptation options. However, the participants
presented a range of representative concerns and adaptation
needsin these areas, which we synthesize to aid future research
prioritization, coordination, and adaptation implementation.

Conversation review
We used the template analysis to review the semistructured
conversations for dominant themes that were associated with
concerns and adaptation options (King, 2004). This method of
thematic analysis prioritizes hierarchical coding for examining
textual data (Brooks et al., 2015). Unlike other thematic ana-
lyticalmethods such as content analysis, template analysis does
not require that the researchers predetermine a fixed sequence
of hierarchical coding levels (Brooks et al., 2015). We began
by developing an initial coding template, using a priori themes
that we gleaned from the literature review on climate effects
on Namaéw (see Literature review). This template was then
applied to the conversation notes and refined to capture the
themes (Brooks et al., 2015). The template was then applied to
notes from individual conversations (see online Supplementary
Material, Figure S1). The first author coded all the conversa-
tions, and at least one additional core team member coded
each conversation. Differences in codes and themes were dis-
cussed until a consensus was reached. We then calculated the

frequency of themes as the presence of a theme in a given con-
versation divided by the total number of conversations (n=9).

Participant organizations and Nations spanned the geogra-
phies of focus including the watersheds of Lake Huron (n=2),
Lake Michigan (n=4),and Lake Superior (n=3). Therefore, we
analyzed the concerns and adaptation options across the par-
ticipants’ focal geographies to understand how their responses
were related to their locations.

RESULTS

“We are experiencing a rollercoaster of temperatures and
snowmelt”—study participant, Lake Michigan

Literature review: Climate change impacts

Adult Namaéw inhabit a range of environments in the Great
Lakes, from high-gradient streams to nearshore areas and
deep rivers and lakes (Moore et al., 2021). However, climate
change is anticipated to disrupt these habitats by increasing
temperatures and precipitation while decreasing ice cover and
snowmelt (Lyons & Stewart, 2014). Higher temperatures and
reduced ice cover are expected to elevate water temperatures,
leading to increased hypoxia and algal blooms, which can
affect mortality and prey availability in Namaéw (Embke et al.,
2023). Changes in precipitation and snowfall patterns may alter
streamflow, runoff, and lake levels and decrease egg and lar-
val survival and the availability of nursery habitat (Lyons &
Stewart, 2014; Moore et al., 2021). These changes are likely to
influence spawning timing and duration. Climate change could
disrupt various aspects of Namaéw’s life such as spawning pat-
terns, egg survival, larval growth, juvenile feeding, and adult
movement (Embke et al., 2023). However, it remains unclear
how regional patterns may affect Namaéw and Indigenous
communities as well as which adaptation options may be most
desirable.

Conversation themes
Concerns and adaptation themes
For all the themes, we organized the expressed concerns and
adaptation options around their relationship with Namaéw,
which led to three higher-order themes: the relationship
between Namiaéw and the environment (concern n=15; adap-
tationn="7), the relationship between Namaéwand nonhuman
beings (concern n=13; adaptation n=8), and the relationship
between Namaéwand humans (concernn=7; adaptationn=5;
Figure 4; see online Supplementary Material, Figure S1). When
the participants focused on concerns, a total of 34 lower-order
themesand 10intermediate-order themes emerged (Figure 4A).
The most prominent themes included concerns around access,
culture, and population persistence, as these themes were pres-
ent in every conversation (Figure 5). Habitat-related concerns
were prevalent (e.g., water temperature increases, water quality
declines, spawning habitat declines; Figure 4A). For adaptation
options, we identified 20 lower-order themes and eight inter-
mediate-order themes (Figure 4B). The dominant adaptation
themes clustered around population assessments, habitat res-
toration, and costewardship/coordination (Figures 4B and §).
All the themes that were related to the relationship between
Namiéw and nonhuman beings (e.g., fisheries assessments,
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(left boxes) and adaptation options (right boxes) are shown in the bottom left box (“all”), and geographically unique lower order themes
are illustrated in the boxes that correspond to each watershed. Color and organization correspond to highest order themes including the
relationship between Namaéw and the environment; humans; and nonhuman beings.
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stocking) and humans (e.g., partnership) were ongoing efforts
(Figure SB). However, many themes that were related to the
relationship between Namaéw and the environment (lower-
order adaptation themes n=7) were expressed as not yet in
progress but something of interest (Figure 4B).

Themes across geographies

We were interested in understanding how the variation in the
concerns and adaptation needs that were expressed by partici-
pants could reflect their different geographical contexts. The
participants spanned geographic foci that were dispersed across
the watersheds of three Laurentian Great Lakes: Lake Huron,
Lake Michigan, and Lake Superior. For concerns that were
related to the relationship between Namaéw and the environ-
ment, all participants regardless of geography were concerned
about several climate-related effects (e.g., water temperature,
variability, habitat availability, precipitation and runoff, water
quality) as well as habitat-related concerns (e.g., connectivity,
water releases, spawning timing). The environmental concerns
were more similar for participants who focused on the two
Northern, less developed watersheds of Lake Huron and Lake
Superior, whereas the participants who focused on the Lake
Michigan basin were more concerned about climate interac-
tions with other stressors (Figure S; see online Supplementary
Material, Figure S2). Specifically, the participants who focused
on Lake Huron were less concerned about phenology and loss
of water than were those who focused on Lake Michigan and
Lake Superior but were more concerned about changes in the
growing season (Figure S; see online Supplementary Material,
Figure S2). The participants who focused on Lake Superior
expressed unique concerns including the overall vulnerability
of Namaéw as well as other environmental pollutants (e.g., soil
contaminants).

Concerning the relationship of Namaéw with nonhuman
beings, all the participants were concerned with recruitment
failures, population persistence, nonnative beings, harvest avail-
ability of Namaéw, and potential adaptive capacity (Figure S;
see online Supplementary Material, Figure S2). The participants
who focused on Lake Superior and Lake Michigan expressed
concerns that were similar versus those who focused on Lake
Huron, where they were more concerned about shifting species
compositions, juvenile habitat availability, and incidental mortal-
ity. The participants who focused on Lake Huron were more con-
cerned about stocking genetics, potential mismatches between
Namaéw and prey availability, and disease spread (Figure ).
However, participants who focused on Lake Huron and Lake
Superior were more concerned about algal blooms than were
participants who focused on Lake Michigan. For concerns that
were related to the relationship of Namaéw with humans, all the
participants were concerned about the connection with Mother
Earth, access to exercise treaty rights and steward, and user (e.g,,
fisher) conflict. The participants who focused on Lake Huron
were more concerned about limited capacity than were those
who focused on Lake Superior and Lake Michigan, whereas par-
ticipants who focused on Lake Huron and Lake Michigan were
concerned about the lack of coordination (Figure ).

The adaptation discussions were variable across geographies
(Figure S; see online Supplementary Material, Figure S2). For
environmental adaptation, all the participants focused on

several actions that are related to dams, including targeted
flow management, spawning habitat restoration, and habitat
connectivity. Pollution control was also a prominent adapta-
tion need regardless of location. The participants who focused
on Lake Superior and Lake Huron were monitoring fish tissue
contamination, whereas those who focused on Lake Michigan
were more interested in habitat-related adaptation (e.g., ripar-
ian habitat restoration, water temperature monitoring, habitat
protection). For nonhuman beings’ adaptation, all the par-
ticipants were focused on population monitoring (e.g., larval
and adult monitoring and movement tracking) and supple-
mentation through streamside rearing (Figure S; see online
Supplementary Material, Figure S2). Related to supplementa-
tion via stocking, all the participants were currently stocking
Namaéw, but the age of stocked individuals varied, with some
participants who focused on Lake Michigan using adult cap-
ture—transfer, participants who focused on Lake Huron stock-
ing fingerlings, and participants who focused on Lake Superior
stocking fry. For adaptation that is related to the relationship
of Namaéw and humans, all the participants emphasized part-
nership/costewardship as well aslimited subsistence harvest as
critical actions (Figure S; see online Supplementary Material,
Figure S2). However, the participants who focused on Lake
Huron and Lake Michigan highlighted the need for improved
interagency coordination, whereas those who focused on
Lake Michigan and Lake Superior emphasized cultural advo-
cacy. Uniquely, participants who focused on Lake Michigan
described community protection through “Sturgeon Guards”
as an ongoing adaptation measure.

DISCUSSION

“Wateris avessel ... providingahome for Namaéw ... ifthe
vessel becomes unstable, we're done.”—study participant,
Lake Superior

In the Laurentian Great Lakes, climate change is likely to
increase water temperatures, precipitation, and variability and
reduce ice cover and snowmelt (Embke et al., 2023). The effects
of climate change on Namaéw likely include changes in spawn-
ing patterns, egg survival, larval growth, juvenile feeding, and
adult movement (Embke et al., 2023). From conversations with
Indigenous officials, certain concerns and adaptation options,
such as access and population monitoring, were prominent
across all the conversations. However, many of the themes were
variable across conversations and geographies. For example, the
participants who focused on Lake Michigan were more con-
cerned about climate interactions with other stressors than were
those who focused on the less developed basins of Lake Superior
and Lake Huron (Figure S). Lake Michigan is farther south, and
its watershed is more urbanized and agricultural than those of
Lakes Superior and Huron (Environment and Climate Change
Canada and the U.S. Environmental Protection Agency, 2022).
Consequently, participants who focused on Lake Michigan
discussed how climate stressors may interact with pollution,
habitat fragmentation, and habitat-related adaptation needs.
All geographies were using some form of population supple-
mentation, but the age of the stocked individuals varied across
geographies (Figure 5). Older individuals were stocked in the
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more southerly Lake Huron and Lake Michigan than in Lake
Superior, where participants described a reliance on stocking
fry. Lake Superior is more northernly and less developed than
the other Great Lakes, so this stocking variability may suggesta
possible interaction between latitudinal warming, land use, and
habitat fragmentation that affects stocking efficacy.

Overall, our results emphasize the individuality of each
Indigenous Nation and organization, where each may have their
own specific needs and priorities depending on many factors
including their geography, culture, and capacity. Recognizing
this individuality when developing adaptation strategies is crit-
ical to support feasible outcomes and satisfy community needs.

The most prominent concerns across all the conversations
focused on access to and the persistence of the fish population.
Access is a multifaceted issue, and the participants mentioned
concerns about the effects of climate on access in two ways: (1)
exercising treaty rights and (2) effectively stewarding popula-
tions. Treaties in the Great Lakes secure many rights for Tribes
on reservations as well as on ceded territory lands, includ-
ing access to fishing, hunting, and water (Shultz et al., 2022).
Certain Namaéw populations currently support cultural har-
vest for annual feasts (e.g., Red Cliff Band of Lake Superior
Chippewa, Menominee Indian Tribe of Wisconsin). Climate
changes that reduce the ability of Namaéw to support cultural
and subsistence harvest and the exercise of treaty rights was a
substantial concern. For the Tribes where harvest was no longer
supported, access to exercise treaty rights and the connection
to Mother Earth was of concern, where many mentioned the
inherent right of Namaéw as a relative, to return to their ances-
tral homelands (J. M. Holtgren & Auer, 2016). From a more
logistical perspective, there was concern that climate effects,
such as more variable water levels, would inhibit the ability of
practitioners to access critical locations for monitoring and
stewardship actions and harm the safety of beings.

Ongoing versus potential adaptation strategies varied sub-
stantially. Many ongoing actions were related to biological
monitoring (e.g., adult movement tracking, stocking), whereas
potential actions were focused on habitat restoration or pro-
tection (e.g., riparian restoration, floodplain reconnection)
and interagency coordination. Given the widespread nature
of certain biological monitoring information, there may be
opportunities to synthesize across geographies to fill identified
information needs, such as quantifying juvenile habitat use (see
Future directions). For actions of interest that focus on habitat
restoration, these avenues present areas for further assessment
to determine the feasibility of implementation. Of note, several
social actions that concerned costewardship and cultural advo-
cacy were emphasized by the participants as highly effective
when implemented. Although current adaptation strategies
predominantly involve biological levers, there is great potential
for habitat restoration efforts and collaborative social actions,
highlighting the need for ongoing dialogue and exploration of
innovative approaches to address the multifaceted challenges
that are posed by climate change.

Adaptation opportunities
“Will we see a shift in the behavior of such a long-lived
fish, or will the change outpace the ability of [Namaéw] to
adapt?”—study participant, Lake Michigan
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We identified many adaptation options for potential future
implementation that could address the main concerns that were
voiced by participants. Some adaptation options were already
implemented by the participants, whereas others were identi-
fied as potential areas for future action. These strategies include
reducing pollution, habitat restoration, habitat reconnection,
and targeted flow management. Additionally, a primary cross-
cutting adaptation option that we identified was the need for
costewardship between Indigenous agencies and other stew-
ardship agencies. Some of these options (e.g., costewardship)
were in use, but all of them were strategies of interest.

Reducing pollution

The Great Lakes is a hub for many industries, including min-
ing, refinement, agriculture, and shipping, sometimes lead-
ing to point- and non-point-source pollution (Environment
and Climate Change Canada and the U.S. Environmental
Protection Agency, 2022). Although efforts to improve pol-
lution, especially point-source pollution, have expanded in
past decades, industrial pollution is of concern given potential
adverse interactions with climate effects. Increasing develop-
ment, agricultural expansion, and road salt may interact with
climate drivers (e.g., temperature and precipitation) to affect
the runoff of contaminants and sediment into water bodies
(Burn & Whitfield, 2023). Therefore, actions that reduce pol-
lution, such as regulations and policy initiatives in combina-
tion with local habitat restoration (see more below) may work
to limit contaminants (Stults et al., 2016).

Habitat restoration and connectivity

Various forms of habitat restoration were discussed during
the conversations. For Namaéw, many identified the criti-
cal role that habitat plays in population success (Bruch et al.,
2016). This emphasis has led to a focus on identifying and sup-
porting spawning habitat for many parts of the Great Lakes.
Spawning habitat restoration has commonly occurred through
rock/cobble additions to supplement a spawning location
(Landsman et al., 2011). In a different approach to protect
spawning grounds, the Menominee Indian Tribe of Wisconsin
used culturaladvocacy and community protection through the
“Sturgeon Guards” program (Figure $).

Nature-based solutions were discussed, including habi-
tat protection and restoration strategies that are directed
at increasing resilience to the effects of climate change (e.g.,
increased runoff; Seddon et al., 2021). Nature-based solu-
tions (e.g., flood-resistant native vegetation, ponds) can offer
long-term, multipurpose solutions that are more resilient to
increased water level variability while supporting biodiversity
and mitigating against future change (Seddon et al.,, 2021).
Some of the nature-based solutions that the participants dis-
cussed included riparian restoration, forest protection, and
wetland restoration. Given the importance of certain habitat
types for life-history stages (e.g., nearshore wetlands for juve-
niles), considering habitat restoration for wetland areas could
be beneficial, as they also protect against fluctuating water lev-
els (Abdel-Fattah & Krantzberg, 2014).

Habitat connectivity was a prominent concern that arose
during conversations, as many areas are currently fragmented
by dams that prevent access to spawning and nursery habitats
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(Baker, 2006). Providing fish passage or barrier removals, when
possible, has been shown to successfully restore Namaéw popu-
lations in some areas (Aadland, 2015). Additionally, providing
reconnected habitat can allow Namaéw access to more suit-
able habitats (e.g., temperature, flow; Lyons & Stewart, 2014).
Reconnecting aquatic habitats has myriad benefits for biodiver-
sity and climate resilience.

Targeted flow management

Seasonal flow variability is critical to Namaéw’s life cycle
because rising water levels and temperatures in the spring
(April-June) trigger spawning migrations (Bruch et al., 2016;
Moore etal.,, 2021). However, climate change islikely to change
the seasonality of precipitation, leading to increased and ear-
lier spring flows and altered spawning (Embke et al., 2023). For
areas that are operating with regulated flows (e.g., reservoirs,
dammed rivers), targeted flow regimes may support species’
biodiversity needs (Sabo et al., 2017) and increase their resil-
ience to hydrologic variability (e.g., adapt to increased droughts
and floods). Regulated flows may be optimized to pulse flows
during critical times to maintain suitable thermal regimes or
access to critical habitat (e.g., spawning; Stults et al., 2016).

Multijurisdictional coordination and costewardship

“It is critical to recognize Tribes as costewards.”—study
participant, Lake Michigan

We recognize there are many challenges to adaptation given
that the range and migrations of Namaéw span many habitats
and geographies. For beings who span multiple jurisdictions,
national/political boundaries can limit the recognition and
management of transboundary climate change effects (Ward
etal, 2023). In the Great Lakes, many governments, agencies,
and industries have jurisdiction, sometimes with competing
interests. The multijurisdictional nature of Namaéw may pres-
ent challenges for stewardship given the need for interagency
coordination, especially when the effects are experienced
over long distances and time scales (Bouska et al., 2023).
Additionally, ecologically important issues can be difficult
to observe by people who do not have intimate knowledge
of an ecosystem or long-term perspectives to serve as a base-
line, emphasizing the need for the inclusion of multiple ways
of knowing (Baird et al., 2021). The transboundary nature of
the Great Lakes has the potential to interact with Indigenous
concerns that are centered on access, where the decisions that
people make in one part of the range of Namaéw have the
potential to affect Indigenous access in another area. To rec-
oncile interjurisdictional challenges to adaptation, some have
used a portfolio approach to coordinate across boundaries
and balance needs across varying scales, representing a criti-
cal adaptation opportunity that was expressed by many of the
participants (Figure 4B; Bouska etal., 2023; Ward et al., 2023).

Despite multijurisdictional challenges, there are sev-
eral cases of Namaéw costewardship between Indigenous
Nations and agencies (e.g., J. M. Holtgren & Auer, 2016;
Runstrom et al., 2002). For example, the Little River Band of
Odawa Indians and Menominee Indian Tribe of Wisconsin
have worked with state and federal agencies to support
Namaéw (M. Holtgren et al., 2016; Runstrom et al., 2002).

Furthermore, multiple participants mentioned the impor-
tance of recognizing Indigenous Nations as costewards of
Namaéw as well as the widespread traditional ecological
knowledge that is available to support costewardship (for
example, GLIFWC Climate Change Team, 2023). However,
partnerships with Indigenous communities require specific
ethical considerations, where they are built on trust, are
community-based and participatory, and ensure knowledge
sovereignty to ensure equitable outcomes (Kenote, 2020).
Costewardship that combines multiple ways of knowing, such
as traditional ecological knowledge and Western science, can
fill knowledge gaps and lead to a more comprehensive under-
standing of adaptation planning while supporting Indigenous
sovereignty (Kenote, 2020; Reid et al., 2021).

Participatory, coproduction approach

Building resilience and adapting to changing climate condi-
tions is a process rather than an outcome (Stults et al., 2016).
Through this work, we developed a participatory process
to identify areas of future collaboration and costewardship
(Meadow et al., 2015). Although this project was focused on
Namaéw, the approach that we developed that was grounded
in combining multiple ways of knowing can be expanded to
other adaptation initiatives (Djenontin & Meadow, 2018). We
structured this work around four central guidelines: (1) ground
all understanding in individuals’ experiences and relation-
ships, (2) coproduce research with Indigenous participants, (3)
accommodate a flexible timeline and structure to meet the par-
ticipants’ capacities, and (4) support data and knowledge sov-
ereignty (Figure 3). Moreover, all the participants were offered
the opportunity to assume an authorship role if desired and
those who did not seek this role were approached throughout
the project for feedback and recommendations on all products.
To ensure open and transparent communication, we asked all
the participants their preferred way for their organizations and
Indigenous Nations to discuss the project findings. Thus, in
addition to this article, we developed several additional com-
munications, including presentations to Indigenous leadership
and a handout that was featured in an intertribal organization
newsletter. We sought for this work to be a continuous conver-
sation, where participants and collaborators can build on the
knowledge shared to work toward reciprocally beneficial out-
comes (Meadow et al., 2015). The approach that we used for
this work, focused on reciprocity, respect, and sovereignty, lays
a path for other initiatives to coproduce equitable outcomes.

Future directions

“This is just the beginning ... of dealing with tremendous
change on Earth ... we don’tknow what willhappen, butit’s
coming”—study participant, Lake Huron

In addition to highlighting concerns and potential adapta-
tion strategies, we identified several information needs to link
climate effects to potential ecological and social responses of
Namaéw fisheries. First, a deeper understanding of the poten-
tial adaptive capacity of Namaéw across spatial and temporal
scales is needed. Lower latitude populations spawn at higher
temperatures, but whether higher latitude populations can
adapt to spawning at these elevated temperatures is unclear,
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especially given the rapid pace of climate change (Baril et al.,
2018). Additionally, understanding how the effects of climate
change on one life stage, such as a loss of juveniles or larvae
in a given spawning year, influence the overall population tra-
jectories is crucial. Related to stage-specific warming effects,
diseases that arelinked to climate warming may vary across life
stages and warrant further examination (Embke et al., 2023).
Research examining the effects of shifting spawning timing
and duration on population dynamics and prey availability
would be beneficial, as changing water levels and reduced ice
cover will alter future wetland conditions, which are vital for
the various life stages of Namaéw. Finally, it would be beneficial
to understand the efficacy and feasibility of the proposed adap-
tation strategies across geographies and Indigenous communi-
ties prior to implementing them. The concerns and adaptation
approaches that were expressed in the conversations were vari-
able across geographies and Indigenous communities, empha-
sizing that approaches may need to go beyond a one-size-fits-all
approach to ensure that social and ecological needs are met.

Engaging Indigenous Nations and rightsholders through all
parts of adaptation planning and decision-making process not
only enhances the relevance and acceptance of stewardship
initiatives, but also recognizes traditional knowledge and local
expertise (Reid etal., 2021). However, we acknowledge that the
knowledge shared in this work does not correspond to all per-
spectives of Indigenous Nations or organizations in the Great
Lakes, nor does it capture a complete view of all the climate
concerns and possible adaptation options. Rather, we seek to
provide this work as a starting point to initiate conversations for
research priorities, collaborations, and implementation.

Recognizing the interconnectedness of ecosystems and
the diverse perspectives of rightsholders and stakeholders is
essential for the effective stewardship and adaptation of inland
fisheries including Namaéw. Despite some extensive steward-
ship actions, incorporating climate effects and adaptation into
plans for Namaéw has been limited, as multiple participants
discussed challenges such aslimited capacity and localized data
hindering this integration. By incorporating climate consider-
ations and embracing a participatory approach, we can develop
more comprehensive and effective adaptation efforts that are
better equipped to meet future challenges.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Fisheries online.
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