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Abstract

Redistribution and shifting habitat envelopes are impacting organisms across many taxa, which in turn are impacting In-
digenous ways of life. In Arctic Alaska, Pacific salmon are known to have occurred for at least a century, but in recent years
appear to be increasingly common. With the goal of holistically understanding and describing these changes in a way that
equitably considers Indigenous, local, and western knowledge, we share our experience and methodologies in facilitating the
Arctic Alaska Salmon Workshop. We share our perspective, approach, and methods as fisheries natural scientists convening
this workshop, which included community-based knowledge holders from the Ifiupiat communities of Kotzebue, Point Hope,
Utqiagvik, and Kaktovik, and western scientists and researchers from universities, fishery management agencies, and local
community government. After briefly discussing some of the workshop highlights, we conclude with four key takeaways: (1)
that the process of co-production of knowledge is an ideal towards, which we must strive, but acknowledge we may rarely, if
ever, fully achieve, (2) pursuit of the “good science” should guide our work, (3) examination and assessment of assumptions

should occur early and often, and (4) Anglanikina! Make sure you have a good time, (Yup’ik).
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Positionality statement

We begin with intense gratitude and appreciation to ev-
eryone who inspired and participated in the Alaska Arctic
Salmon Workshop, held on Dena’ina lands of Dgheyey Kaq’ in
what is now called Anchorage. We have chosen to begin this
article with a positionality statement to put a personhood to
the paper by sharing who the authors are in the context of
their research. The workshop was envisioned and facilitated
by the two authors on this paper. Elizabeth “Mik’aq” Lindley
is Yup’ik, born and raised on the Kuskokwim River in south-
west Alaska whose deep ties to salmon only exist because the
Yup’ik people have had reciprocal relationships with salmon
for thousands of years. The relationship between people and
fish in Elizabeth’s region is not something that can be de-
scribed in words, but lives within each person and is uniquely
experienced—a facet of existence shared among all Indige-
nous ways of life in Alaska. This understanding of the intri-
cate and intrinsic links between people and place paired with
a genuine enjoyment of the natural sciences is how she ap-
proaches the work described in this article. Peter Westley is
the descendant of white settlers with cultural ties to Western
Europe, who has called Alaska home his entire life, and for in-
explicable reasons has been fascinated and drawn to salmon
for as long as he can recall. He currently balances roles as fa-
ther, husband, and associate professor of fisheries (including
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as graduate advisor to Mik’aq), where he explores questions
about ecology and evolution of fishes and teaches to students
in his classrooms and to those as part of the research team he
leads, the importance of maintaining biodiversity, and focus-
ing on sustaining the relationships between fish, people, and
place. Both Elizabeth and Peter are trained as western natu-
ral scientists but increasingly work at the interface of natural,
social, and Indigenous science, and are conscious of treading
carefully and intentionally in these intersections. This paper,
part of Elizabeth’s pursuit of a Ph.D. in fisheries, is meant to
share our collective experiences and critical self-reflections of
doing collaborative work across disciplines, knowledge sys-
tems, and cultures with the hope it may serve as a model and
inspiration to others.

Introduction

Intact, functioning ecosystems are the bedrock of biodiver-
sity, Indigenous lifeways, and food security across the Arc-
tic. Indigenous stewards are rightly considered the first ecol-
ogists and conservationists, where Native ways of life have
long exemplified ecological conservation through relational-
ity, reciprocity, and equal valuation of the land and all liv-
ing beings (Barnhardt and Kawagley 2005). As unprecedented
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Fig. 1. Map of Alaska showing salmon-producing regions (https://alaskasalmonandpeople.org/regions/) and approximate loca-
tion of communities that were invited to/participated in the Alaska Arctic Salmon Workshop (AASW). From the northwest in
clockwise order, (1) Qikiqtagruk/Kotzebue, (2) Tikigaq/Point Hope and near Cape Lisburne, which is the oft assumed northern
limit of established salmon populations, (3) Ulguniq/Wainwright, (4) Utqiagvik/Barrow, (5) Nuiqsut, (6) Kaktovik/Barter Island,
(7) Anaktuvuk Pass, (8) Tanana/Fairbanks, (9) Dgheyey Kaq’ (Anchorage). See supplemental material for list of participants and

home community of origin.

'y

rates of climate change accelerate the threat to traditional
ways of life for Alaska Native Peoples (Hauser et al. 2023),
the opportunity to move towards equitably contextualizing
ecological change at the intersection of western sciences and
Indigenous Knowledge systems is particularly needed (e.g.,
Reid et al. 2021). Here, we describe the process and methods
to bring together knowledge bearers of diverse backgrounds
to better understand what Alaska Arctic salmon! might por-
tend for the fish, the people, and the broader ecosystem.
One of the clearest harbingers of climate change is the pole-
ward redistributions of marine taxa (Pinsky et al. 2013). Ev-
idenced through both lifeways and western scientific meth-
ods, shifts in presence of all five species of sea-going Pacific
salmon (Oncorhynchus spp., hereafter referred to as salmon)
across Arctic Alaska are thought to be changing in relative
abundance of species-specific encounters and observations
(George et al. 2009; Brown et al. 2016; Mikow et al. 2016;
Carothers et al. 2019). Salmon are a group of species that
spawn and rear in freshwater, migrate to the ocean where
they spend the majority of their life and obtain the vast ma-
jority of their growth, before migrating to the ocean to ma-
ture before returning to their natal streams to spawn and
die. The current distribution of high-latitude habitat that
supports self-sustaining salmon populations was discovered

1 Here, we distinguish “Alaska Arctic salmon” from the Canadian-
based research program called “Arctic Salmon”. For more informa-
tion on that fascinating program see https://[www.arcticsalmon.ca/.

500 KM

and established by individual salmon who strayed from their
home-streams into newly available freshwater systems fol-
lowing the last glacial epoch (Hendry 2004). This process is
termed “colonization” in the western scientific discipline and
is used frequently in the salmon literature lexicon. In Alaska,
the temporal extent of colonization and establishment of
self-sustaining populations in the fringes of salmon habitat
north of Cape Lisburne (located near #2 in Fig. 1) is not well
articulated (Craig and Haldorson 1986; Nielsen et al. 2013).
However, all five species of Pacific salmon have been periodi-
cally observed in subsistence fisheries and biological surveys
across Arctic Alaska (George et al. 2009; Brown et al. 2016;
Carothers et al. 2019; Giefer and Graziano 2023), with some
species such as pink salmon (0. gorbuscha) and chum salmon
(O. keta) being regularly encountered in North Slope rivers
over the last century (Bockstoce 2011; Carothers et al. 2019),
which may suggest the maintenance of small populations of
these species in Arctic Ocean draining rivers (Craig and Hal-
dorson 1986; Nielsen et al. 2013). Consistent with this, ju-
venile chum salmon have been observed in nearshore and
freshwater systems, suggesting that successful spawning by
this species in Arctic Alaska is possible at least in some lo-
cations (Moulton 2001; Dunmall et al. 2022). The perceived
increases of salmon across the North American Arctic more
broadly is thought to be a manifestation of increased marine
thermal accessibility and range expansion to this region, and
is well documented in places like Arctic Canada (Irvine et al.
2009; Dunmall et al. 2013; Logerwell et al. 2015; Bilous and
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Dunmall 2020; Farley et al. 2020) and Europe (Nielsen et al.
2020). In contrast, there is not clear consensus across Arctic
Alaska that salmon at rapidly increasing at similar levels to
those in Canada and beyond. That being said, no formal mon-
itoring of salmon abundance exists in Arctic Alaska, limit-
ing the ability to detect change quantitatively, and only one
research project in the last decade explore changes qualita-
tively (Carothers et al. 2019). Observations and deep knowl-
edge of salmon changes in Arctic Alaska in recent years do,
however, exist, and has been a topic of discussion in infor-
mal settings for decades—of which both authors of this paper
have participated in. The geographically expansive Arctic re-
gion is a place that is best known by the people who steward
it, which is why any efforts to articulate change necessitates
inclusion of local and Indigenous Knowledge systems.
Limited research focuses to better understand the ecology
and history of salmon in Arctic Alaska, and ongoing changes
in their abundance limits our ability to truly understand
broadscale changes and impacts to local ecosystems and life-
ways. The potentials for interactions with local, culturally im-
portant fishes, such as Dolly Varden (Salvelinus malma), broad
whitefish (Coregonus nasus), Arctic grayling (Thymallus arcticus),
and Arctic cisco (C. autumnalis) are largely unknown and em-
phasize the need to understand salmon changes in Arctic
Alaska through culturally relevant approaches. While the lit-
erature is currently equivocal in describing patterns of abun-
dance and range expansion, we can infer some commonali-
ties across available data sources to suggest that salmon have
been in the Arctic for at least a century and that occurrences
and species diversity seems to be increasing (Carothers et al.
2019; Chila et al. 2022). As these trends in perception, catch
composition, and perceived abundance evolve, there remains
a clear need to bring together multiple disciplines and ways
of knowing to learn about species-specific salmon presence
across the vast Arctic region through community-engaged re-
search methods that elevate Indigenous Knowledge systems
and prioritize the maintenance of Indigenous lifeways.
Community-engaged western scientific research efforts
with Arctic communities have a long history (Pearce et al.
2009; Hauser et al. 2023); however, evolving approaches and
attitudes in this work are contributing to a paradigm shift
where research and management recommendations are in-
creasingly innovative and ethically responsible to local com-
munities (Wong et al. 2020; Yua et al. 2022). Movement in
the academic western sciences, including fisheries science
and management, to work towards community-engaged and
collaborative efforts in Alaska and beyond is in its infancy
but has also had growing commitment in recent years from
social, natural, and multi-disciplinary scientific contingen-
cies (Ringer et al. 2018; Danielson et al. 2022; Silver et al.
2022; Hauser et al. 2023). The environmental investigation
of cascading and diverse changes brought about by chang-
ing climates, such as salmon range expansion, are inherently
multi-disciplinary, necessitating multi-disciplinary solutions
from a diverse set of problem solvers across knowledge sys-
tems. This vision, however, can be challenged by classical dis-
ciplinary training conventions and siloed research method-
ologies. For instance, fisheries natural scientists interested
in pursuing community-engaged work do not convention-
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ally receive training to do so in the classic fisheries scientific
training path (Moon and Blackman 2014). But fortunately,
community-engaged research can take on a plethora of
formats, comprised of various disciplines, practitioners, orig-
inations, networks, contingencies, and motivations.

A clear need to use new multi-disciplinary and cross-
cultural approaches to research salmon in Arctic Alaska ex-
ists, which shaped the impetus for the Alaska Arctic Salmon
Workshop (AASW), which was an event proposed to use a co-
production of knowledge (CPK) framework to explore knowl-
edge about salmon changes in Arctic Alaska. For the sake of
this paper and the context of AASW, we will refer to Yua et
al. (2022), who offers a conceptual framework for this ap-
proach and defines CPK as “a process that brings together
Indigenous Peoples’ knowledge systems and science to gen-
erate new knowledge and understandings of the world that
would likely not be achieved through the application of only
one knowledge system”. AASW was an opportunity to con-
tribute to the story of salmon in Arctic Alaska through a lens
that equally valuates all forms of knowledge and perception
in the form of a collaborative workshop, which was initially
described in the funding proposal as follows.

“Here we seek [...] support to work authentically in collabo-
ration with Arctic residents to better understand the poten-
tial impacts of increasing occurrences of Aqalugruagq [Ifiupiaq],
Pacific salmon, genus Oncorhynchus in the Alaska Arctic... Our
specific objective is using a co-production [of knowledge] ap-
proach, plan and host community elders and youth, western
and Indigenous knowledge bearers, members of agencies and
academia at the inaugural Arctic Aqalugruaq Salmon Summit
(AASS)...” Excerpt from funding proposal “Pink Arctic: patterns,
processes, and consequences of increasing Pacific salmon in the high
north”

AASW, a 2-day workshop hosted in Anchorage, Alaska, had
two overarching goals set forth by the co-principal investi-
gators, those being (1) advance and create knowledge about
how salmon are changing in Arctic Alaska using a CPK ap-
proach, and to (2) identify priority research questions regard-
ing salmon changes to help shape analysis priorities for Arc-
tic salmon field research. Distinguishing with the goals of the
AASW, the objective of this paper is to describe the process
and design of the Alaska Arctic Salmon Workshop as a col-
laborative knowledge-spanning event hosted by natural sci-
entists, from its inception to execution, the assumptions and
considerations taken in the creations of this event, the out-
line of our convening, and the aspects of this work that might
lend guidance to future work through a specialized example
of our work exploring range expansion by salmon in Arctic
Alaska. We intentionally do not discuss outcomes or “results”
of the AASW, saving that for a collaborative companion pa-
per that includes workshop participants as authors’. Said an-
other way, Elizabeth and Peter as authors on this paper do
not believe that the outcomes and products of the AASW
are theirs alone to share and must include those who helped
generate the results. The overarching aim of this paper is to
share a practical example represented by the AASW that was
created with the best intentions by natural scientists to con-
duct community-engaged collaborative research.
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Methods

AASW overview

AASW was a part of a larger project awarded by Alaska
SeaGrant to support graduate student-involved research on
salmon in Arctic Alaska, which was granted to the lead au-
thor, Elizabeth. Funding dedicated to this event covered a
large fraction of the costs of the convening itself, travel
costs, and per diem for rural community-based participants,
lodging, breakfast and lunch, one group dinner, and hon-
oraria for participants sharing Indigenous knowledge. The
workshop also had generous matching support from the
Alaska Arctic Observatory and Knowledge Hub (AAOKH), a
community-based monitoring program at the University of
Alaska Fairbanks (see Hauser et al. 2023) and the Salmon-
Net project with support from the Gordon and Betty Moore
Foundation (Sawyer et al. 2020). Many months of prepara-
tion was required for the 2-day event held in Anchorage, AK,
that convened 18 experts spanning disciplines and knowl-
edge systems. The workshop was structured to include large
group conversation discussions, small break-out group dis-
cussions and activities, and opportunities to informally con-
nect and build relationships (See Table 1 in the Supplemen-
tary material for additional details). All discussions and ac-
tivities were designed and facilitated by co-authors Elizabeth
and Peter.

Assumptions

Planning of the AASW included intense reflection on the
motivations and articulation of our assumptions, both as
they were written into the funding proposal and in proceed-
ing with designing the workshop. There were three specific
personal and research assumptions that we outlined, which
helped in delineating the goals of the workshop, which was
important for identifying the overarching research position-
ality of this event. First, we considered the guiding premise
that motivated our workshop, spanning the proposal stage
through the actual hosting of the workshop—which was that
there is a clear need to move towards better understanding
salmon in Arctic Alaska, specifically through more inclusive
and equitable approaches. This was made evident through
mere exploration of the western knowledge base and exist-
ing research on salmon in Arctic Alaska, as well as the long
history of exclusive western natural scientific research prac-
tices in Alaska. This was a guiding principle that set the crite-
rion for our invitation list, discussion topics, and plan moving
forward. This guided the following assumptions, which were
specific to the AASW. They were identified in planning stages
and shared with workshop participants at the onset of the
convening.

Assumption 1. A single part of an infinite system

The first assumption was that salmon are just one single
part of a very highly connected social-ecological system. This
assumption directs focus to an idea that is central to holistic
and relational Indigenous worldviews (a system), but simul-
taneously highlights the contrasting linear and precise west-

ern approaches to knowing (a single organism). In the con-
text of our convening, we had to assume that the place of
salmon in a vastly intricate system will not always be the pri-
mary focus of the conversation, and that there is equal value
in learning about other parts of the system. Whiting et al.
(2011) describes the Ifiupiat worldview of species interactions
as highly complex, with changes in one species presence or
availability stimulating changes in other aspects of the biotic
community. This aspect of the Ifiupiat worldview is fostered
by a trained sensitivity to change, through generations of ob-
serving an environment that is more accurately characterized
in the context of change, rather than stability (Whiting et al.
2011). This assumption became realized in our discussions
as topics such as climate change, sea ice, whales, and other
fishes became centralized and cannot be excluded from our
future products.

Assumption 2. Salmon as a pattern and process

The second assumption was that through the study of
salmon, we have an opportunity to learn about broadscale
environmental changes occurring across the Arctic through
community-relevant scales. This assumption situates our in-
terest in salmon within the broader context of climate
change, and the environmental dynamics that are facilitat-
ing changes in Arctic salmon abundance, and the impacts
that shifts in abundance may have on local ecosystem func-
tioning. In other words, one way we can learn about how the
environment is changing is through the patterns of salmon
changes, and thus the processes influencing these changes.
Another important concept in ecological investigation of pat-
terns and process is the matter of scale, which through Arctic
community engagement can reflect scales that are relevant
to community priority and perceptions. Framing this within
our work: salmon are a way to track change, and they cannot
change without impacting their surroundings—an important
consideration that can become overlooked in highly focalized
research activities.

Assumption 3. Salmon, people, and place

Our third and final assumption was that we all have differ-
ent relationships with salmon, often nurtured by the places
we come from. While we expected at least a general inter-
est in salmon, we did not approach this workshop expect-
ing that people have any level of value placed in, or relation-
ships with, salmon. We expected that we would have partic-
ipants with salmon relationships that ranged from deeply
connected to non-existent. It would be inappropriate to en-
ter this endeavor with the assumption everyone would care
about salmon or this event on any specific level, but rather
leaned on the presumption that salmon are one way to ex-
plore broadscale change and impacts to subsistence activi-
ties in the Arctic. By outlining this assumption during the
workshop, we intended to create an environment that dis-
placed pressure from the production in the natural scientific
sense (e.g., identifying and outlining purpose-driven knowl-
edge), to the production of conversations and opportunities
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for co-learning that helped shape a more comprehensive
story of salmon in Arctic Alaska.

Participant invitation

Ifupiat harvesters and environmental experts

Formal inquiries to predominantly Ifiupiat communities
to gauge interest and identify potential invitees took place
largely after the proposal was written and funding was ac-
quired, but an existing network of relationships by proposal
investigators and authors here greatly facilitated a process
that would likely have been exceedingly difficult or impos-
sible otherwise. Respecting tribal sovereignty, we began by
reaching out to tribal governments and proposing our plans
and desire to invite and support the attendance of 1-2 knowl-
edgeable fishers to AASW. Outreach began 6 months and
ended 1 month before the event and took place in the form
of phone calls followed up with written invitations. Informa-
tional fliers were also created by Elizabeth and distributed
through e-mail. In addition to connections with tribes, con-
nections were also made with local city governments, vil-
lage corporations, and the regional North Slope Borough. A
project description and invitation was also shared in a pre-
sentation at the Indigenous People’s Commission for Marine
Mammals in October 2022. Invitations and outreach efforts
were extended to the northwest Arctic and North Slope com-
munities of Kotzebue, Point Hope, Wainwright, Utqiagvik,
Anaktuvuk Pass, Nuiqsut, and Kaktovik, Alaska (Fig. 1). In at-
tendance: one Ifhupiaq elder from Kotzebue with lifelong fish-
ing experience, one active fisher and hunter from Point Hope,
two whalers and harvesters from Utqiagvik, one Ifiupiaq el-
der from Kaktovik, and one environmental observer and sub-
sistence specialist from Kaktovik joined the AASW. All par-
ticipants, with the exception of the elder from Kaktovik, are
all local observers in the AAOKH (see Hauser et al. 2023). Ex-
pertise of Ifiupiat participants truly reflected the dominant
harvesting practices of each community, and more so the
harvest practices of each person. In the context of salmon
in Arctic Alaska, this ranged substantially—for instance, the
participant from Kotzebue was a lifelong commercial and
subsistence salmon fisher as this region is heavily reliant
on salmon, another participant was a whaling captain who
no longer actively participates in fishing activities. Linking
back to our third assumption, the diversity of fish relation-
ships among participants only enriched the discussions in
which holistic connections describing change spanned many
species, geographies, and seasons.

Western scientists

Invitations were emailed to scientists with expertise in
western natural sciences who are recognized as knowledge-
able of North Slope fisheries, effective research practices, fish-
eries management, or cultural anthropology. Each invitee has
exhibited commitment to participating in more equitable
research activities in their work. Disciplinary expertise of the
western scientific contingency included oceanography, Arc-
tic marine and freshwater ecology, North Slope freshwater

Avrctic Science 11: 1-11 (2025) | dx.doi.org/10.1139/as-2023-0054

‘Canadian Science Publishing

fish biology and behavior, fisheries social sciences, salmon
ecology and evolution, behavior and movement ecology, and
North Slope fisheries management, including members of
State and Federal management agencies. Invitations were in-
tentionally distributed through e-mail and were not transfer-
able; however, recommendations for additional participants
were considered.

Approach to workshop discussions and
activities

Dialogue agreements

Setting the tone at the onset of our convening, we cre-
ated a set of dialogue agreements, outlining a set of expec-
tations with the intention of creating a comfortable shar-
ing environment (see Table 1 in the Supplementary mate-
rial). Agreements were adapted from the First Alaskans Insti-
tute, an Alaska Native non-profit charitable organization that
among many other resources, hosts Alaska Native Dialogues
on Racial Equity (ANDORE) and has created a set of dialogue
agreements to set the tone for sensitive discussions such as
the potential consequences of changing life ways in the face
of rapid warming (see https:/[www.firstalaskans.org/dialogu
es-hostings-trainings for more information about ANDORE
and other training opportunities). Both authors have previ-
ously participated in this training opportunity, and we chose
to include dialogue agreements to collectively agree to create
a space that was empowering and respectful.

Semi-structured discussions

All discussions and activities were semi-structured, open,
and voluntary opportunities to share. Group sizes of discus-
sions ranged from three to four individuals to the entire
group, with the room modular in design to accommodate
small groups (at least three people) as well as joined large
circles (up to the full group). Discussion topics were thought-
fully designed by co-authors to address the objectives of our
gathering in a way that all participants had equal opportunity
to participate conversationally. We did not want to facilitate
discussions that might be exclusive to a single expertise, com-
munity, or life experience. We also used multiple levels of
group size engagement opportunities. Table 1 in the Supple-
mentary material outlines discussions and activities included
in our agenda and the rationale behind each session. Despite
the workshop being held over a short few days period, we
also wanted to ensure that there were built-in opportunities
for all participants to visit informally and build relationships
beyond the scope of our professional convening. Examples of
this included allotting 2 h for introductions on the first day
before beginning any workshop content, providing lunch so
that participants could stay and visit, many coffee and tea
breaks throughout the day, and hosting an optional project-
funded group dinner at a local restaurant.

Reporting and workshop products
In the final conversation held during the workshop, we
agreed to collaboratively author a synthesis of existing data
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and knowledge generated during the workshop with all
participants as invited co-authors on the manuscript. In
fulfillment of this requirement and to address objective one
of AASW, this synthesis will be led by Elizabeth, bringing
together existing peer-reviewed and gray literature, and
conversations held during the workshop to describe salmon
changes in Arctic Alaska. The second objective of AASW
was intended to create a list of research priorities and con-
siderations more broadly, which will also be outlined in
the synthesis paper. In addition to formal reporting in the
form of literature, a summary of workshop findings was
published in the AAOKH newsletter, which is distributed
to all boxholders of AAOKH communities (Kotzebue, Point
Hope, Utqiagvik, Wainwright, and Kaktovik, Alaska; see
https://arctic-aok.org/2023/02/21/hot-of f-the-press-check-ou
t-our-winter-2023-newsletter/?fbclid=IwAR1bQ x1pr3yaOZ7
VSp6f5VD1h4Djc0I11D02gVA7Z6Q2XJHoPkD600bXLIrU).

Reflections

AASW was truly created with the best of intentions by fish-
eries natural scientists and delving into a format that is not
conventionally used in fisheries science. From an organizers
perspective, the AASW required some creativity in tooling
methods unfamiliar to us as natural scientists. Since hind-
sight perspective always allows for opportunities to reflect
on potential changes, strengths, and recommendations for
any other iterations that may follow. In this section, we share
some aspects of the project that changed from the time the
proposal was written for funding and the actual event, as-
pects that worked well, and areas that could be improved in
the future.

Names and the Power of Words

Clear points of evolution occurred from the inception of
the project idea to the actual carrying out of AASW. Evident
even its name, which was originally proposed as the “Alaska
Aqalugruaq Salmon Summit”.

“Here we seek [...] support to work authentically in collabora-
tion with Arctic residents to better understand the potential
impacts of increasing occurrences of Aqalugruaq [Inupiaq], Pa-
cific salmon, genus Oncorhynchus in the Alaska Arctic...” Ex-
cerpt from funding proposal, Westley 2020 “Pink Arctic: pat-
terns, processes, and consequences of increasing Pacific salmon in the
high north”

During the workshop, we learned that Aqalugruaq is the
name for chum salmon used in the Ifupiaq dialect of the
Kotzebue region and is not a word used in the Ifupiaq di-
alect of the North Slope region. Iqalugruaq, the word used for
chum and all other large-bodied salmon occasionally encoun-
tered in far north Arctic Alaska, such as sockeye (0. nerka) and
Chinook salmon (0. tshawytscha), is the word that may have
more accurately described the regional intention behind the
use of the word in the initial stages. Or perhaps the inclu-
sion of both dialects. During AASW, iqalugruaq was said to
translate to quite literally “big fish” and to be used to describe
more than one salmon species as was identified through pho-

tographs shared during the workshop discussion, Power of
Words.

The Power of Words discussion shared during the workshop
became a highly interactive and exciting conversation that
gave everyone an opportunity to learn together (See Table
1 in the Supplementary material). All participants excitedly
discussed ways in which the different salmon species can be
identified and differentiated, and ways in which culturally
important North Slope subsistence species Iqalukpik (Ifiu-
piaq, used for both species of char), Dolly Varden, and Arc-
tic char (S. aplinus), can be visually differentiated from pink
salmon, and the names used for different salmon (Fig. 2).
The range of relationships to salmon held within our group
was truly reflected in this discussion and allowed for true
lateral exchange of experiential and professional knowledge
alike, and highlighted the importance of names, something
shared among different knowledge systems represented by
our group. While the goal in all our discussions and break-
out groups was to create opportunities to advance knowledge
through implicit co-learning, the workshop may have bene-
fitted from creating explicit co-learning opportunities. From
the standpoint of observing the co-learning opportunity as
an organizer, it seemed to strip any semblance of knowl-
edge power imbalances that may persist in mixed-knowledge
spaces such as AASW. For instance, the practice of co-learning
built into collaborative and co-productive efforts in research
has been identified as critical to effective and equitable de-
colonizing research practices (Khan et al. 2022), and a key
characteristic of the guiding principles of Two-Eyed Seeing
(TES) (Bartlett et al. 2012). As the analyses of this workshop
will be led by Elizabeth, as an Indigenous scholar, TES is inte-
gral to the framing and synthesis of bringing together mul-
tiple knowledge types from a multi-worldview perspective.
Given these two points, and the reception observed in work-
shop participants during specific co-learning opportunities,
one key takeaway here would be designing more opportuni-
ties specific to this form of production.

Co-production of knowledge or collaboration
Another point of evolution was the verbiage used to de-
scribe AASW in the proposal stage and the chosen descrip-
tors to use for the event. The event was proposed as using a
CPK framework; however, this labeling was increasingly in-
appropriate as it evolved from its inception to completion. As
the AASW was just a single part of a larger research project
that was identified and outlined within a single knowledge
system, which, holistically, does not reflect a CPK frame-
work. Specifically, in that both knowledge systems were not
reflected in the proposal and planning stages of this work,
and only in the convening itself. We must admit that the
AASW was a preconceived research activity with objectives
and intention set by principal investigators, whom all iden-
tify as western scientific researchers, without contribution
from communities at the earliest stages of inception, where
the problem was identified, questions developed, methods
outlined, and then community participation initiated. Eliz-
abeth being an Indigenous scholar, however, brought her
whole self to contributing to this work. Had communities
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Fig. 2. Alaska Arctic Salmon Workshop (AASW) participants excitedly share information on identification of salmon species
caught during customary and traditional harvest for Dolly Varden shared by fishers from Kaktovik. For more, see text in section

on the Power of Words.

been equitably involved from inception and contributed to
the motivation, priorities, and approach to this work from
the onset, the AASW may have been more closely aligned
with the CPK research process. For this reason, we chose
to describe the AASW as a collaborative, rather than CPK,
event. Certain stages and aspects of the AASW itself, how-
ever, reflect some tools and guiding principles set forth by a
CPK framework (e.g., Yua et al. 2022). The intention behind
AASW was to move towards a more equitable research prac-
tice, which was the goal in the design of the workshop discus-
sions. And while this stage was not necessarily co-produced,
it aimed to capture conceptual equity building tools outlined
by Yua et al. (2022) such as cultivating trust and respect, en-
couraging relationship building, striving to conduct the work
ethically, and creating an empowering environment for all
participants.

Engagement planning

A presumption made regarding community interest in
the AASW was that communities and fishers across Arctic
Alaska have been broadly interested in, or worried about,
salmon in Arctic Alaska and are willing to travel to par-
ticipate in a multi-day workshop. The engagement plan
was generally laid out in the proposal and carried out
by Elizabeth. This was challenged throughout the actual
engagement process, which used multiple levels of outreach
that ranged from phone calls and emails through personal
networks to formal engagement with local and regional gov-
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ernments, and local corporations. Given 5 months of effort
and countless phone calls and emails throughout the seven
communities we reached out to, it is unclear what the chal-
lenge to greater interest and attendance may have been re-
flective of. We hoped to have 1-2 fishers in attendance from
each of our invited communities. Of the seven communities
we reached out to, we had one representative from three and
two from one. There are many very pressing issues in commu-
nities across rural Alaska related to climate change that must
take precedence over changes in salmon abundance, perhaps
salmon is just not as big of a concern as previously thought
(e.g., Huntington et al. 2019). Furthermore, we also acknowl-
edge that it is a substantial request to make of someone to
step away from their lives to travel on multiple flights dur-
ing the work week to attend a workshop, and this is just not
possible for some people. We intentionally avoided hosting
the event during a timeframe that might conflict with sub-
sistence schedules and consulted community connections to
confirm our timeframe was appropriate in this regard. In-
terest expressed in attendance is also reflected in the shift
from the AASW being an intended “elder and youth” oppor-
tunity to all ages, and only adults in attendance. We may have
been able to enter this process with greater clarity regarding
interest and approaches to engagement had community re-
search infrastructure been involved during the earliest plan-
ning stages, such as the inception of the proposal.

During an outreach phone call with an individual from a
North Slope community, we received feedback advising that
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the community should have been involved from the onset
of the project, rather than receiving an invitation to partici-
pate in a pre-planned research event. This sentiment has been
expressed by multiple Arctic communities in formal publi-
cations, while also stating that communities are experienc-
ing research fatigue with increasing attention from scientists
(Brinkman et al. 2016; Kawerak INC. 2020). For this reason,
another takeaway for future iterations of this work would
be to engage with local community structures, such as indi-
vidual tribal and city governments, at earlier stages of the
planning process to share our interest and explore best ap-
proaches to community engagement. One example of this
might include hosting community meetings through well-
established networks of project partners, such as the North
Slope Borough—with whom involvement was included from
the onset of the larger funded project through which AASW
was created. This would greatly enhance outreach, gauging
community interest, and ensure that there is potential for
the integration of community-relevant priorities and goals
throughout our work. This would also more closely align with
the CPK research framework. However, as we are natural sci-
entists learning from an inaugural event, we have ample op-
portunity to approach this differently in future iterations.

Highlights

As described in this paper, AASW was a very special op-
portunity to host from an organizers perspective where sci-
entists and Arctic community members connected and built
research and personal relationships around a shared ecologi-
cal interest. In reflection, it was a highly successful inaugural
gathering that embodied productivity and relationship build-
ing, and hopefully there will be opportunities for future iter-
ations. The benefit to collaborative processes being iterative
was felt in this work, as it only just seemed like we were “get-
ting to the good stuff” once it came time to conclude our
convening and that we either needed to keep going or do
it again. The “good stuff” being the discussions made possi-
ble by cultivating a level of comfort and familiarity within
our group, which will be outlined in other formats in which
participants’ will be involved in their presentation and have
explicit ownership over data shared. In our closing session
and in some follow-up conversations with participants, many
commented on how much they learned throughout the work-
shop and how innovative the design was. The majority of
the 18 participants from both knowledge contingencies had
never participated in anything like the AASW, where scien-
tists and harvesters had an opportunity to talk and learn
in semi-structured formats. The conversation and discussion-
based format is not one commonly used in western natural
scientific research processes, and it was noted to be a brand
new experience for some scientists in the group. Unlike many
science-based workshops, here were no conventional presen-
tations shared by scientists, just conversations and discus-
sions lead by the facilitators, which were aided by the use
of slides when appropriate to help visually present ideas,
photos, and discussion points. One participant reflected that
they were surprised by the fact that community members in
the Arctic could be displeased with the increasing presence

of salmon. As so much of the state of Alaska deeply values
and appreciates salmon, indifferent, and even negative, per-
ceptions of salmon shared in discussion came as a surprise
to many scientists—but an important perception to under-
stand. Multiple Arctic community members shared how im-
portant and valuable it was that scientists were hearing and
learning about the Ifiupiaq perspective and values through-
out the workshop, and that this was a format that should
be more broadly used by co-productive processes such as co-
management meetings. The open sharing of perspectives in
research settings such as the AASW was said to be something
needed more broadly by the natural scientific community to
promote respectful and ethical community-oriented research
conduct. In the context of salmon in Arctic Alaska, the AASW
truly helped shape the Arctic salmon story and our perspec-
tives as natural scientists. To summarize some themes regard-
ing Arctic changes emphasized in our discussions, here we
share some key themes:

* Perception is highly variable across Arctic Alaska. Com-
munities in the Kotzebue region are deeply connected
to salmon. Meanwhile salmon use varies widely in North
Slope communities and perceptions range from apprecia-
tion to dislike. Regardless of perception, however, the treat-
ment and reporting of salmon changes must support local
governance and self-determination in subsistence rights.

e Presence and harvest of salmon and other species are
changing. A shared observation among community repre-
sentatives and scientists was a shift in species composition
of salmon and other species increasingly encountered in
the Arctic. Some of these changes included increased pink
salmon in the Kotzebue region, increased observations of
unusual fishes harvested and washing up on beaches in and
around Point Hope, more salmon harvested and observed
in and around Utqgiagvik from 2014 to 2021, and an ob-
served increase in Saffron cod (Eleginus gracilis) in conjunc-
tion with a decrease in culturally important char in and
around Kaktovik.

* Anomalous environmental conditions. Increased occur-
rences of freeze-thaw event and severe uncharacteristic
storms have unknown impacts to local organisms. Increas-
ingly observed and highly unusual river seeps in Arctic
draining systems are also greatly concerning for resident
and migratory fishes that rely on freshwater habitat.

While this list is abridged, themes and data shared dur-
ing the workshop will be jointly reported on in greater detail
and be complemented by other existing data in the gray and
peer-reviewed literature. Two salient questions that emerged
as unanimously important in future research efforts were
(1) where are these salmon coming from, and are they new
(strays) or returning (homing)? and (2) in what ways might in-
creasing salmon abundance and shifts in species composition
impact culturally important subsistence species? An addi-
tional question raised was whether it is appropriate to study
salmon in Arctic Alaska as a novel organism when much
of the state is experiencing massive states of crisis in their
salmon runs. Finally, a thoughtful question raised posed: in
what ways can we describe salmon change that best supports
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Indigenous governance and knowledge systems, and avoids
erasing legacies of existing knowledge held by Indigenous
peoples, or claiming first evidence/knowledge reporting?

Conclusions

* Co-production as a process with endless opportunities
for growth. Throughout this process, we have learned a lot
about ourselves as researchers and each of our unique posi-
tionalities doing collaborative work. In reflecting on striv-
ing for equity through our collaborative efforts, we believe
that it is a continuum that we will always be striving to im-
prove. By retrospectively comparing our approach to CPK
frameworks, there were clearly stages that could have been
approached differently to center equity. This is something,
however, that we believe will always be the case. We suggest
that CPK is an ideal towards, which research should strive,
while acknowledging that perfection can often be an im-
pediment to progress. For this reason, one of our key take-
aways from the perspective of natural scientists is to con-
tinually be reflexive of positionality, research approaches,
and intention—however, also give yourself grace to make
errors, learn from them, and continue striving towards an
ideal.
Centering perspectives in the pursuit of creating the
“Good Science”. A participant shared that the Ifupiat must
use “the good science”, that is science which fits within Ifiu-
piat values and aligns with Ifupiat perspectives. The AASW
was said to have been innovative and an unconventional
research process, perhaps due to the fact that conversation
and discussion was centered as a primary method. This al-
lowed for the conveyance of knowledge and perspectives
to flow freely, unbridled by a rigid set objective. This cre-
ated a space where Indigenous participants felt their par-
ticipation was valued through the elevation and reception
of perspective, something that has long been excluded in
western scientific research and is a primary facet of moving
toward equity. For this reason, our second key takeaway is
that collaborative approaches should be deliberate in the
inclusion of perspective throughout the pursuit of knowl-
edge and chosen methods should elevate this exchange.

* Acknowledging assumptions early and reassessing of-
ten. We have already reflected on the assumptions out-
lined specific to the AASW, as described earlier in this pa-
per, but we have only more recently reflected on the im-
plicit assumptions made prior to the workshop. We would
have benefitted from identifying our assumption that there
would be broad interest in attending the AASW, explic-
itly and earlier in the research process. While there was
certainly large amounts of interest in the AASW, our as-
sumption that interest would largely be universal was un-
founded. To ensure that the most effective and relevant
approaches to collaboration are being used, and to repeat-
edly situate our positionalities within our work, we would
recommend that research assumptions be continuously re-
evaluated throughout the research process.

* Anglanikina! Make sure you have a good time, (Yup’ik).
There is an expected level of seriousness when doing sci-
ence. However, we must remember our fourth dialogue
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agreement “value our sense of humor”, to not take yourself
too seriously, and to not forget to have a good time. Teams
play best when they are having fun on the field, and we
believe research that is fun increases the probability of suc-
cess. Collaborative research across knowledge systems can
have so much opportunity for relationship building, and
a really good way to build relationships is by having fun
together. With relationality being an important aspect of
Indigenous Knowledge systems and way of life, we found it
to be important to integrate avenues for human relational-
ity through this work—which is not something commonly
used in scientific endeavors. A very valuable part of the
AASW was the opportunities we created for informal vis-
iting and gathering as just People.

Acknowledgements

First and foremost, we offer gratitude, and we are indebted
to the wisdom and knowledge shared by Arctic community
members: Bobby Schaeffer (Kotzebue), Guy Omnik (Point
Hope), Billy Adams (Utqiagvik), Joe Mello Leavitt (Utqiagvik),
Carla SimsKayotuk (Kaktovik), and Robert Thompson (Kak-
tovik), and will forever remember the participation and con-
tribution of the late Craig George, whose contributions to
Arctic people and science will remain as his enduring legacy.
We also offer gratitude to Randy Brown (U.S. Fish and Wildlife
Service), Keith Herron (UAF & U.S. Fish and Wildlife Ser-
vice), Todd Sformo (North Slope Borough), Leandra de Sousa
(North Slope Borough), Brendan Scanlon (Alaska Department
of Fish and Game), Donna Hauser (UAF), Andy Seitz (UAF), Erik
Schoen (UAF), Kimberly Kivvaq Pikok (Utqiagvik, UAF), Court-
ney Carothers (UAF), Qetun’aq Benjamin Charles (Inuit Cir-
cumpolar Council), and Andrew Berdahl (University of Wash-
ington) for their participation and valuable contributions to
the Alaska Arctic Salmon Workshop. We offer deep gratitude
to Kimberly Kivvaq Pikok for her help and support during
the planning and workshop stages of this project. We are
indebted to the efforts of Karen Dunmall (Department of
Fisheries & Oceans Canada, Winnipeg, CA) whose leadership
through the Arctic Salmon program has inspired and shaped
our own thinking and approaches to this work in Alaska.
Thanks and appreciation also go to our partnering project,
the AAOKH and research team who helped tremendously
with logistics and contributed vital matching funds to the
workshop. We thank our other financial sponsors of Alaska
SeaGrant and SalmonNet. Finally, we are especially honored
by the financial gift to UAF by Randy Brown through his re-
ceiving of the 2019 Rachel Carson Award for Exemplary Sci-
entific Accomplishment that has helped make Arctic salmon
work in Alaska possible.

Article information

History dates

Received: 30 September 2023

Accepted: 8 May 2024

Accepted manuscript online: 17 October 2024
Version of record online: 21 January 2025



Arctic Science Downloaded from cdnsciencepub.com by UNIVERSITY OF ALASKA-FAIRBANKS on 12/09/25

‘Canadian Science Publishing

Notes
This paper is part of a collection entitled Indigenous Ap-
proaches to Arctic Environmental Sciences.

Copyright

© 2025 The Authors. This work is licensed under a Creative
Commons Attribution 4.0 International License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduc-
tion in any medium, provided the original author(s) and
source are credited.

Data availability

Data associated with the research project associated de-
scribed in our original manuscript are stored in a Google
drive, which is approved for use by our institutional Internal
Review Board. Drive is only accessible by those intimately in-
volved with the project and workshop participants, as they
remain intended for use.

Author information

Author ORCIDs
Elizabeth D. Lindley https://orcid.org/0000-0003-3556-1871

Author contributions
Conceptualization: EDL, PAHW
Data curation: EDL

Formal analysis: EDL, PAHW
Funding acquisition: PAHW
Investigation: EDL, PAHW
Methodology: EDL, PAHW

Project administration: EDL, PAHW
Supervision: PAHW

Validation: PAHW

Visualization: EDL

Writing - original draft: EDL, PAHW
Writing - review & editing: PAHW

Competing interests

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Supplementary material

Supplementary data are available with the article at https:
//doi.org[10.1139/as-2023-0054.

References

Barnhardt, R., and Kawagley, A.O. 2005. Indigenous Knowledge Systems
and Alaska Native Ways of Knowing. Anthropology & Education Quar-
terly 36: 8-23. d0i:10.1525/aeq.2005.36.1.008.

Bartlett, C., Marshall, M., and Marshall, A. 2012. Two-eyed seeing and
other lessons learned within a co-learning journey of bringing to-
gether indigenous and mainstream knowledges and ways of know-
ing. Journal of Environmental Studies and Sciences 2:331-340.

Bilous, M., and Dunmall, K. 2020. Atlantic salmon in the Canadian Arc-
tic: potential dispersal, establishment, and interaction with Arctic

10

char. Reviews in Fish Biology and Fisheries, 30: 463-483. doi:10.1007/
$11160-020-09610-2.

Bockstoce, J. 2011. The journal of Rochfort Maguire, 1852-1854: two
years at point barrow, Alaska, aboard HMS Plover in search for Sir
John Franklin, Volume I. 3: 1-318.

Brinkman, TJ., Cold, H., Stinchcomb, T., Brown, C., and Hollingsworth,
T.N. 2016. Overcoming All-Too-Common Challenges of Community
Collaboration: Research Fatigue and Integration of Local Priorities.
American Geophysical Union, Fall Meeting 2016. Abstract #PA24B-
04

Brown, C.L., Braem, N.M., Kostick, M.L., Trainer, A., Slayton, L., Runfola,
D.M,, et al. 2016. Harvests and uses of wild resources in 4 Interior
Alaska Communities and 3 Arctic Alaska Communities, 2014. Alaska
Department of Fish and Game. Fairbanks, Alaska.

Carothers, C., Sformo, T.L., Cotton, S., George, J.C., and Westley, P.A.H.
2019. Pacific salmon in the rapidly changing arctic: exploring local
knowledge and emerging fisheries in Utqiagvik and Nuiqsut, Arctic,
72: 273-288. doi:10.14430/arctic68876.

Chila, Z., Dunmall, K.M., Proverbs, T.A., Lantz, T.C., Hunters, A.Trappers
Committee, et al., Trappers Committee. 2022. Inuvialuit knowledge
of Pacific salmon range expansion in the western Canadian Arctic.
Canadian Journal of Fisheries and Aquatic Sciences, 79(7): 1042-1055.
d0i:10.1139/cjfas-2021-0172.

Craig, P., and Haldorson, L. 1986. Pacific salmon in the North American
Arctic. Arctic, 39: 2-7. doi:10.14430/arctic2037.

Danielson, S.L., Grebmeier., ].M., Iken, K., Berchok, C., Britt, L., Dunton,
K.H.,, et al. 2022. Monitoring Alaskan Arctic shelf ecosystems through
collaborative observation networks. Oceanography 35(3/4):198-209.

Dunmall, K.M., McNicholl, D.G., Zimmerman, C.E., Gilk-Baumer, S.E.,
Burril, S., and von Biela, V.R. 2022. First juvenile chum salmon con-
firms successful reproduction for Pacific salmon in the North Amer-
ican Arctic. Canadian Journal of Fisheries and Aquatic Sciences, 79:
703-707. doi:10.1139/cjfas-2022-0006.

Dunmall, K.M., Reist, J.D., Carmack, E.C., Babaluk, J.A., Heide-Jorgensen,
M.P., and Docker, M.F. 2013. Pacific salmon in the Arctic: harbingers
of change. In Responses of Arctic Marine Ecosystems to Climate
Change. Proceedings for the 28th Lowell Wakefield Fisheries Sym-
posium. Alaska SeaGrant, Edited by F.J. Mueter, D.M.S. Dickson, H.P.
Huntington, J.R. Irvine, E.A. Logerwell, S.A. MacLean, LT. Quak-
enbush, and C. Rosa, University of Alaska Fairbanks. doi:10.4027/
ramecc.2013.07.

Farley, EV.,, Murphy, J.M., Cieciel, K., Yasumiishi, E.M., Dunmall, K,
Sformo, T., and Rand, P. 2020. Response of Pink salmon to climate
warming in the northern Bering Sea. Deep Sea Research Part II: Top-
ical Studies in Oceanography, 177: 104830, doi:10.1016/j.dsr2.2020.
104830.

George, C., Moulton, L., and Johnson, M. 2009. A Field Guide to the Com-
mon Fishes of the North Slope of Alaska. Barrow, Alaska.

Giefer, J., and Graziano, S. 2023. Catalog of Waters important for spawn-
ing, rearing, or migration of anadromous fishes—Arctic Region, effec-
tive 1 June 2023[online]. Availablefrom https://www.adfg.alaska.gov/
static-sfJAWC/[PDFs/2023arc_CATALOG.pdf [accessed 15 August 2023].

Hauser, D.D.W,, Glenn, RT,, Lindley, E.D., Pikok, K.K., Heeringa, K., Jones,
J., et al. 2023. Nunaaqgqit Savaqatigivlugich—working with communi-
ties: evolving collaborations around an Alaska Arctic observatory and
knowledge hub. Arctic Science, 9(3): 635-656.

Hendry, A.P. 2004. Selection against migrants contributes to the rapid
evolution of ecologically dependent reproductive isolation. Evolu-
tionary Ecology Research 6(8):1219-1236.

Huntington, H.P., Carey, M., Apok, C., Forbes, B.C,, Fox, S., Holm, LK,
et al. 2019. Climate change in context: putting people first in the
Arctic. Regional Environmental Change, 19: 1217-1223. doi:10.1007/
$s10113-019-01478-8.

Irvine, J.R., Macdonald, R.W., Brown, R.J., Godbout, L., Reist, ].D., and Car-
mack, E.C. 2009. Salmon in the Arctic and how they avoid lethal low
temperatures. In North Pacific Anadromous Fish Commission Bul-
letin No. 5. pp. 39-50.

Kahn, M., Ruszczyk, H.A., Rahman, M.F., and Hugq, S. 2022. Epistemolog-
ical freedom: Activating co-learning and co-production to decolonise
knowledge production. Disaster Prevention and Management: An In-
ternational Journal 31(3):182-192.

Kawerak INC., Association of Village Council Presidents, Bering Sea El-
ders Group, and Aleut Community of St. Paul. 2020. Navigating the

Arctic Science 11: 1-11 (2025) | dx.doi.org/10.1139/as-2023-0054




Arctic Science Downloaded from cdnsciencepub.com by UNIVERSITY OF ALASKA-FAIRBANKS on 12/09/25

New Arctic Comment Letter to the National Science Foundation.
Available from: https://[kawerak.org/knowledge-sovereignty-and-the-
indigenization-of-knowledge-2/.

Logerwell, E., Busby, M., Carothers, C., Cotton, S., Duffy-Anderson, J., Far-
ley, E., et al. 2015. Fish communities across a spectrum of habitats
in the western Beaufort Sea and Chukchi Sea. Progress in Oceanogra-
phy, 136: 115-132. doi:10.1016/j.pocean.2015.05.013.

Mikow, E., Retherford, B., Godduhn, A., and Kostick, M.L. 2016. Exploring
the subsistence fisheries of Point Lay and Wainwright, Alaska. Alaska
Department of Fish and Game.

Moon, K., and Blackman, D. 2014. A guide to understanding social sci-
ence research for natural scientists. Conservation Biology 28(5):1167-
1177.

Moulton, L. 2001. Fish utilization of habitat in the CD-North exploration
area, 1999-2000.

Nielsen, J., Rosing-Asvid, A., Meire, L., and Nygaard, R. 2020. Widespread
occurrence of pink salmon (Oncorhynchus gorbuscha) throughout
Greenland coastal waters. Journal of Fish Biology, 96: 1505-1507.
doi:10.1111/jfb.14318.

Nielsen, J.L., Ruggerone, G.T., and Zimmerman, C.E. 2013. Adaptive
strategies and life history characteristics in a warming climate:
salmon in the Arctic? Environmental Biology of Fishes, 96: 1187-
1226. doi:10.1007/s10641-012-0082-6.

Pearce, T.D., Ford, J.D., Laidler, G.J., Smit, B., Duerden, F., Allarut, M.,
et al. 2009. Community collaboration and climate change research
in the Canadian Arctic. Polar Research 28(1):10-27.

Pinsky, M.L., Worm, B., Fogarty, M.J., Sarmiento, J.L., and Levin,
S.A. 2013. Marine taxa track local climate velocities. Sci-

Avrctic Science 11: 1-11 (2025) | dx.doi.org/10.1139/as-2023-0054

‘Canadian Science Publishing

ence, 341(6151): 1239-1242. doi:10.1126/science.1239352. PMID:
24031017.

Reid, A.]., Eckert, L.E., Lane, J.F,, Young, N., Hinch, S.G., Darimont, C.T,,
et al. 2021. “Two-Eyed Seeing”: an Indigenous framework to trans-
form fisheries research and management. Fish and Fisheries, 22(2):
243-261. doi:10.1111/faf. 12516.

Ringer, D., Carothers, C., Donkersloot, R., Coleman, J., and Cullenberg, P.
2018. For generations to come? The privatization paradigm and shift-
ing social baselines in Kodiak, Alaska’s commercial fisheries. Marine
Policy 98:97-103

Sawyer, A.C., Moore, ].W., Schindler, D.E., and Westley, P.A.H. 2020. Con-
necting salmon science in an era of global change. Fisheries, 45(4):
214-215. doi:10.1002/fsh.10432.

Silver, J.J., Okamoto, D.K., Armitage, D., Armitage, S.M., Atleo, C., Burt,
J-M., et al. 2022. Fish, People, and Systems of Power: Understanding
and Disrupting Feedback between Colonialism and Fisheries Science.
American Naturalist 200(1):168-180.

Westley, P.A.H. 2020. Documentation of en route mortality of summer
chum salmon in the Koyukuk River, Alaska and its potential link-
age to the heatwave of 2019. Ecology and Evolution 10: 10296-10304.
doi:10.1002/ece3.6751.

Whiting, A., Griffith, D., Jewett, S., Clough, L., Ambrose, W., and John-
son, J. 2011. Combining Inupiaq and Scientific Knowledge. Alaska Sea
Grant College Program, University of Alaska Fairbanks. pp. Fairbanks,
Alaska.

Wong, C., Ballegooyen, K., Ignace, L., Jane, M., and Johnson, G. 2020. To-
wards reconciliation : 10 Calls to Action to natural scientists working
in Canada. FACETS 5(1):769-783. doi:10.1139/facets-2020-0005.

1"



