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Abstract

Increased temperatures and precipitation are intensifying mass wasting caused by the thawing of ice-rich permafrost in the
western Canadian Arctic. Specifically, disturbances known as retrogressive thaw slumps deliver large quantities of sediment
and dissolved materials into adjacent waterbodies, thereby negatively affecting culturally and ecologically important fish habi-
tat. Very little information exists regarding the impacts of thaw slump expansion on fish habitat in northern Canada. To under-
stand the risk of these potential impacts, we combined spatial data on cumulative thaw slump impacts in the Teett’it Gwinjik
(Peel River) Watershed, Gwich’in Settlement Region, with detailed information about fish habitat derived from Gwich’in knowl-
edge and western scientific knowledge using a mixed methods approach. Areas at high risk of experiencing the cumulative
impacts of slumping were found along the mainstem of the Peel River and its major tributaries. Gwich’in knowledge holders
were concerned about the impacts of slumping on future access to fish. These findings raise concerns about the impact of

permafrost thaw on Indigenous fishing livelihoods in the region and highlights the need for additional research.
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Introduction

In the western Canadian Arctic, increased temperatures
and precipitation are intensifying forms of permafrost degra-
dation that significantly alter terrain conditions, vegetation,
hydrology, and sedimentation (Lantz and Kokelj 2008; Kokelj
et al. 2015, 2017, 2021; Vonk et al. 2015; Segal et al. 2016;
Rudy et al. 2017; Lewkowicz and Way 2019). Permafrost land-
scape change is expected to intensify with ongoing changes
in northern climate, which are occurring at rates nearly four
times faster than the global average (Rantanen et al. 2022).
Retrogressive thaw slumps are a form of permafrost dis-
turbance that occurs when thawing permafrost exposes an
icerich headwall in sloping terrain. As ground ice in the
headwall melts, it mobilizes previously frozen sediment that
moves downslope, creating a scar area that sometimes gener-
ates a debris flow (Kokelj et al. 2021; Fig. 1). Thaw slumps fre-
quently occur along streams and coastlines, increasing sedi-
mentation, altering water chemistry, turbidity, and macroin-
vertebrate community structure (Kokelj et al. 2009, 2013,
2021; Thienpont et al. 2013; Chin et al. 2016; Houben et al.
2016; Littlefair et al. 2017; Levenstein et al. 2018; Shakil et al.
2020). The widespread intensification of thaw slump activity
(Segal et al. 2016; Lewkowicz and Way 2019) has the poten-
tial to impact important fish habitat, as well as Indigenous

harvesting locations (Kokelj et al. 2013; Proverbs et al. 2020b;
Kokelj et al. 2021; Ziegler et al. 2024). As an area that is rich in
ground ice, the Peel River Watershed is especially vulnerable
to the effects of thaw slumping and has experienced a signif-
icant increase in slump activity over the last 40 years (Kokelj
et al. 2015, 2021). The Gwich’in, who have fished the Teett’it
Gwinjik (Peel River) for millennia, are concerned about the
impact that thaw slumps are having on their fishing liveli-
hoods (Gwich’in Renewable Resources Board 2018; Ziegler et
al. 2024).

To understand the extent of these impacts, in this study
we combined spatial data estimating the extent of thaw
slump sedimentation to aquatic environments (Kokoszka and
Kokelj 2021) with detailed information about culturally and
ecologically important fish habitat based on Gwich’in knowl-
edge and western scientific studies. We also interviewed
Gwich’in knowledge holders to document actual and per-
ceived impacts of permafrost thaw slumping on fish and fish
habitat in the Peel River Watershed. This work builds on pre-
vious research that used a grid-based approach to map envi-
ronmental impacts on culturally important landscapes in the
Inuvialuit Settlement Region (Tyson et al. 2016) and Gwich’in
Settlement Region (Proverbs et al. 2020qa). In this study we
focus specifically on the cumulative downstream impacts of
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Fig. 1. Image of a debris flow from a permafrost thaw slump beside the Uudyit Njik (Miner River), NT, that has affected the
water quality and habitat of the river (credit: Van der Sluijs et al. 2022).

retrogressive thaw slumps on the habitat of culturally impor-
tant fish species for the Gwich’in in the Peel River Watershed
(Greenland and Walker-Larsen 2001; Thompson and Millar
2007; Kuhnlein et al. 2013). In this paper, cumulative refers
to the cumulative effects of multiple upstream slump events
on downstream habitat.

Recently, there has been a call to find new, more equitable
ways to bring together Indigenous and western ways of know-
ing in environmental research (Castleden et al. 2017; Reid et
al. 2021). Indigenous ways of knowing provide different yet
complementary information to western scientific approaches
that enrich our collective understanding of observed environ-
mental changes and their social and cultural impacts (Moller
et al. 2004; Bohensky and Maru 2011). In this paper, we define
Indigenous knowledge as “the collective term to represent
the many place-based knowledges accumulated across gen-
erations within myriad specific cultural contexts” (Jessen et
al. 2022, p. 93). We refer to Indigenous knowledge included in
this manuscript as Gwich’in knowledge. Weaving Indigenous
and western knowledge systems has been described as a form
of knowledge co-production in which multiple ways of know-
ing are brought together in an equitable process that respects
and maintains the integrity of the respective knowledge sys-
tems (Castleden et al. 2017; Alexander et al. 2019; Henri et al.
2021; Reid et al. 2021). Weaving multiple ways of knowing in
environmental research can improve our understanding of
social-ecological systems and build trust in decision-making
and project results (Berkes 2009; Tengo et al. 2014; Mistry and
Berardi 2016). However, recognizing and addressing existing
power asymmetries between knowledge systems is critical to

developing equitable approaches to environmental research
(Townsend et al. 2020; Cousins 2021). In particular, it is impor-
tant that research involving Indigenous knowledge be done
in ways that uphold Indigenous rights rather than perpetuate
colonial structures and histories (Nadasdy 1999; Smith 2021;
Ignace et al. 2023), including prioritizing the research agen-
das of Indigenous Peoples as a means of reasserting their ju-
risdiction over their ancestral lands and ensuring that Indige-
nous knowledge is valued in its own right rather than as a
means to validate western scientific ways of knowing (Ignace
et al. 2023). In this study, we partnered with the Gwich’in
Renewable Resources Board (GRRB) and the Gwich’in Tribal
Council Department of Culture and Heritage (DCH) to address
Gwich’in concerns regarding the impact of permafrost thaw
slumping on the habitat of culturally and ecologically impor-
tant fish in the Peel River Watershed of the Gwich’in Settle-
ment Region using a novel approach that gave equal weight-
ing to both western scientific and Gwich’in knowledges.

The study area

Fishing is vital to the Gwich’in way of life (McCartney and
Gwich’in Tribal Council 2020). The Gwich’in call the Peel
River Teetl’it Gwinjik, which means “head of the waters—
along the course of” (Gwich’in Social and Cultural Institute
n.d.), and have used it to travel, hunt, trap, and fish for mil-
lennia (McCartney and Gwich’in Tribal Council 2020). Over
that time, Gwich’in land-users have developed a complex net-
work of trails and camps that they continue to use today,
with many families maintaining fish camps along the Peel
River and its tributaries (Loovers 2010). Water and fish in par-
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ticular play an important role in Gwich’in place names, ori-
gin stories, and artwork, as well as their livelihoods and cul-
ture (Collin 1973; Ritter and Sittichinli 1976; Kritsch and An-
dre 1997; Heine et al. 2001, 2007; Wishart 2014; McCartney
and Gwich’in Tribal Council 2020; Gwich’in Social and Cul-
tural Institute n.d.). Place names encode Indigenous knowl-
edge reflecting land use, knowledge of place, habitat, his-
tory, and sacredness (Basso 1996). Fish is an important food
for the Gwich’in and fishing practices are a vital component
of livelihoods (Heine et al. 2001; Wishart 2014; McCartney
and Gwich’in Tribal Council 2020; Proverbs et al. 2020Db).
Fishing practices are part of a complex social-ecological sys-
tem that relies on reciprocal relationships between tradi-
tional foods, cultural practices, and the environment (Parlee
et al. 2005; Andre 2006; Alexie 2015). Many Gwich’in commu-
nity members grew up spending their summers and falls at
fish camps in the Peel River Watershed, fishing, preparing,
and storing traditional foods, and many continue to do so
today.

This study focuses on the portion of the Peel River Water-
shed within the 90379 km? Gwich’in Settlement Region (re-
ferred to as “the study area” throughout the manuscript; Fig.
2). Approximately 1300 Gwich’in live in the three Gwich’in
communities who participated in this study, including the
Ehdiitat Gwich’in of Aklavik, the Nihtat Gwich’in of Inuvik,
and the Teett’it Gwich’in of Teett’it Zheh (Fort McPherson)
(Government of Canada 2021).

The Peel River Watershed is a 73 600 km? sub-basin of the
Nagwichoonjik (Mackenzie River) Watershed in the Yukon
and Northwest Territories, which discharges into Ehdiitat
(Mackenzie Delta), the world’s second largest Arctic delta
(Carson et al. 1998). The Peel River Watershed is an area of
continuous permafrost, with many areas rich in ground ice,
where the active layer is rarely thicker than 1 m (Hughes
et al. 1981) making it particularly vulnerable to climate
change (Kokelj et al. 2015, 2021). Since most of the Peel River
Watershed within the study area was glaciated during the
Pleistocene (80%-90%), it is particularly ice-rich compared to
headwater reaches due to the widespread presence of relict
ground ice (Kokelj et al. 2017) in a landscape steeply incised
by the Peel River and its tributaries. The geology underlying
the Peel River consists of sandstone, shale, limestone, and
dolomite (Water Resources Division Indian and Northern Af-
fairs Canada 2002; VanGerwen-Toyne et al. 2008). Gravel beds
are also found in upstream areas that are important spawn-
ing areas for many species of fish (Water Resources Division
Indian and Northern Affairs Canada 2002; VanGerwen-Toyne
et al. 2008).

Author positionality

The authorship team is composed of both settler and In-
digenous experts. JAZ, TCL, SVK, MN, and SL are white, settler
scholars, all of whom except SL live outside of the Gwich’in
Settlement Area. At the time this study was completed, SL was
based in Inuvik, NT, and worked for our Gwich’in partner,
the GRRB. TCL and SVK have a long-standing commitment to
work with Gwich’in organizations with over 20 years’ expe-
rience working in the region. The DCH, initially called the
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Gwich’in Social and Cultural Institute, was created in 1993
following the signing of the Gwich’in Comprehensive Land
Claim Agreement with a mandate “to document, preserve,
and promote Gwich’in culture, language, traditional knowl-
edge and values” (Gwich’in Social and Cultural Institute 2005,
p- 6). JAZ, TCL, SVK, MN, and SL have worked to address issues
of positionality through self-reflection, ongoing relationship
building, continuing reporting of results to the participating
communities, and openly seeking community feedback on
their contributions.

Methods

This project explores the impacts of permafrost thaw on
important fish habitat in the Peel River Watershed area. We
build on the work of Proverbs et al. (2020a) and Tyson et al.
(2016) but use new data (Kokoszka and Kokelj 2021) and a
different analytical approach. Rather than using a grid-based
analytical approach to understand the impacts of slumps to
the aquatic environment, we used a stream network to over-
lay spatial estimates of sediment delivery from slumps in the
Peel River Watershed (see Table 1) with a map layer represent-
ing important fish habitat (see Fig. S1 for an overview of the
approach used). By engaging with both Gwich’in and western
scientific knowledge, we draw on multiple perspectives that
can contribute to a more complete understanding of these
impacts.

Specifically, we explored the potential to use GIS to assess
the risk of permafrost thaw slumping impacts on culturally
and ecologically important fish habitat by completing a spa-
tial overlay analysis using ArcGIS Pro 2.2 software (ESRI, USA).
To complete the overlay analyses, we combined maps of (1)
the density of important fish habitat (e.g., harvesting sites,
spawning, feeding, overwintering and/or nursery areas) based
on Gwich’in knowledge and the scientific literature, (2) the
estimated cumulative downstream impacts of thaw slumps
in the area (Kokoszka and Kokelj 2021), and (3) the direct im-
pacts of thaw slumps in the area (Kokoszka and Kokelj 2021).
We also interviewed Gwich’in Elders and knowledge holders
who actively or previously fished the Peel River to understand
how observed changes on the land are affecting fish and fish
habitat in the study area.

This project is a collaboration among the University of Vic-
toria, the GRRB, the DCH, the Northwest Territories Geologi-
cal Survey, the Tetlit Renewable Resource Council, the Ehdi-
itat Renewable Resource Council, and the Nihtat Renewable
Resource Council. The data in Kokoszka and Kokelj (2021)
that were used in the current spatial overlay analyses were
developed based on feedback from Gwich’in partners who
wanted permafrost thaw slumping data in a format that
would allow them to understand how slumping is affecting
culturally and ecologically important fish habitat in the Peel
River Watershed. This study was suggested as a next step dur-
ing discussions of Proverbs et al.’s (2020a) project outcomes
with Gwich’in partners in February 2018. Gwich’in fishers are
concerned about the impact that high rates of permafrost
slumping in the Peel River Watershed may have on culturally
and ecologically important fish habitat downstream and the
GRRB identified this as a research priority. Researchers from
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Fig. 2. Map of the study area showing the portion of the Peel River Watershed within the Gwich’in Settlement Region (dark
grey stream network), and the three Gwich’in communities who travel and harvest in the Teetl’it Gwinjik (Peel River) area
(solid black circles). The stream network data are from NHN (2016). The late glacial limit is from Dyke and Prest (1987). The
map was created using ArcGIS Pro with the “Light Gray Canvas” basemap from Esri and projected coordinate system NAD
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Table 1. Data, sources, and information about the contents of each data layer used in the spatial overlay analysis.

Data layer Source layer(s) Data type

Layer contents

Data source

Important fish
habitat layer

Gwich’in knowledge of  Point, polyline,
fish habitat polygon

Knowledge of fish
habitat from western
scientific studies

Point, polygon

Thaw slump Direct impacts of Polyline
direct impact permafrost thaw

layer slumps

Thaw slump Cumulative impacts of Polyline

cumulative
impact layer

permafrost thaw
slumps

Important harvesting locations, as well as fish
spawning, overwintering, nursery, and summer
feeding areas in the Peel River Watershed.
Documented by the DCH, as well as interviews
with Gwich’in knowledge holders as part of
this project.

Binary presence/absence of active permafrost
thaw slumps on a given stream segment as
measure of direct impacts of slumping

Number of slump-affected stream segments
(based on binary presence/absence slump data
above) upstream of a given location as a proxy

Gwich’in Tribal Council Department
of Culture and Heritage (DCH) (DCH
2020a, 2020b, 2020c, 2020d),
interviews completed during
current project

Important fish spawning, overwintering, nursery, Table S2
and summer feeding habitat in the Peel River
Watershed. Documented in a literature review.

NWT Geological Survey (Kokoszka
and Kokelj 2021)

NWT Geological Survey (Kokoszka
and Kokelj 2021)

of the amount of sediment affecting streams
downstream from the slump

the University of Victoria and the GRRB applied for funding
together and our Gwich’in partners, GRRB and DCH, joined
the project team that drafted this paper. All Gwich’in knowl-
edge, including information from the DCH digital archive
and interviews conducted during this project, were handled
according to the Gwich’in Tribal Council’s Gwich’in Tradi-
tional Knowledge Policy. As a part of this policy, our project
had a Traditional Knowledge Research Agreement with the
DCH. This research was conducted in accordance with the
University of Victoria’s Human Research Ethics Board (No. 22-
0316). This work was completed under Northwest Territories
Scientific Research Licence No. 16940.

Knowledge of fish habitat

Gwich’in knowledge of important fish habitat

In 2022 and 2023, we completed 43 semi-structured inter-
views with 54 Gwich’in Elders and active resource users to
identify culturally important fishing locations and ecologi-
cally important fish habitat in the Peel River Watershed. In-
terviews were conducted in Aklavik (n = 11 interviews with
14 people), Inuvik (n = 12 interviews with 16 people), and
Teet?’it Zheh (Fort McPherson) (n = 20 interviews with 24 peo-
ple). Interview questions and focal fish species were devel-
oped with the GRRB and are based on Thompson and Mil-
lar (2007) who completed a similar study for the Tsiigehn-
jik (Arctic Red River) and Nagwichoonjik (Mackenzie River)
in the Gwich’in Settlement Area. Fish species included in
the interviews were: tuk dagaii (broad whitefish, Coregonus
nasus), dalts’an (lake whitefish, Coregonus clupeaformis), sruh
(inconnu, Stenodus leucichthys), sriijaa (Arctic grayling, Thymal-
lus arcticus), treeluk (Arctic cisco (Coregonus autumnalis), least
cisco (Coregonus sardinella)), chehluk (burbot, Lota lota), dhik’ii
(Dolly Varden char, Salvelinus malma), vit (lake trout, Salvelinus
namaycush), eltin (Northern pike, Esox lucius), walleye (Stizoste-
dionvitreum), daats’at (longnose sucker, Catostomus catostomus),
shii (chum salmon, Oncorhynchus keta), ninespine stickleback
(Pungitius pungitius), and pink salmon (Oncorhynchus gorbuscha).
Participants were identified through consultation with the

Renewable Resource Councils (RRCs) in each community, as
well as the DCH, and three community coordinators (one in
each of Aklavik, Inuvik, and Teett’it Zheh (Fort McPherson)).
Participants received an honorarium for their participation,
in accordance with current rates specified by the DCH. Inter-
views typically lasted 1-2 h and were semi-structured to al-
low participants to elaborate on the topics and observations
most significant to them. Interview questions focused on im-
portant fishing locations, local knowledge of important habi-
tat (e.g., nursery, overwintering, spawning, and feeding) in
the Peel River Watershed, as well as how observed changes
on the land are affecting fish or fish habitat in the area. Any
spatial data discussed were digitised using Google Earth Pro
during the interview to allow the participant to confirm lo-
cation accuracy. These data were then included in the spatial
overlay analysis. We reviewed all interview transcripts care-
fully to validate the completeness and accuracy of the spatial
data. This analysis includes spatial data on fish habitat docu-
mented during the interviews.

We analysed interview transcripts using qualitative analy-
sis software NViVO 12 Plus (QSR International, USA) to iden-
tify emergent themes related to the impacts (actual or poten-
tial) of permafrost thaw slumps on fish or fish habitat in the
Peel River. Gwich’in knowledge documented during the in-
terviews related to fish or fish habitat will be published as a
Gwich’in Knowledge Report on fish in the Peel River through
the GRRB.

We also obtained spatial data on fish camp locations, sub-
sistence fishing routes, place names related to fishing, and
historical fishing locations from our Gwich’in partners, DCH
(DCH 2020a, 2020b, 2020c, 2020d). These spatial data were
documented as part of interviews completed with Gwich’in
Elders and knowledge holders in the 1970s through the 2000s
(see Table S1).

Literature review of important fish habitat in the
Peel River Watershed

We conducted a literature search of scientific publications
to identify spatial data on important fish habitat (nursery,
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overwintering, summer feeding, spawning, harvesting). We
focussed on culturally important fish species listed in the pre-
vious section. We included spatial data from the scientific
literature that could be digitised, such as geographic coor-
dinates, place names, and published maps showing the loca-
tions of fish camps used for sampling, important fish habitat,
as well as important fishing locations based on interviews
with Indigenous Peoples in the area. Many of the scientific
reports we reviewed did not specify how they obtained in-
formation about culturally important fishing locations. We
therefore did not include these spatial data in the cultural
features layer, which specifically highlights the cultural value
of fish for the Gwich’in, but rather in the scientific literature
layer. Fishing locations represent important fish habitat be-
cause fish are typically targeted in areas where they are abun-
dant, for example, in pre-spawning aggregation sites, spawn-
ing sites, and summer feeding locations.

We included the following types of publications in our
search: peer-reviewed journal articles, government reports,
gray literature, and unpublished data and reports. We did
not limit our search to peer-reviewed literature because there
was little information available on important fish habitat
in the Peel River area and we did not want to exclude any
potentially important information from our analysis. We
searched the Government of Canada’s Federal Science Li-
braries Network database (https://science-libraries.canada.ca)
and Google Scholar (scholar.google.com) using key search
terms that included the fish of interest (fish species listed in
previous section, using both common and scientific names)
and “Peel River”. We also used the references from publica-
tions identified in our search to identify new publications not
yet included in our database.

A total of 319 papers were identified through this search.
We used the following exclusion criteria to remove publica-
tions from our database (1) publication was outside of our
study area (the Peel River Watershed, Fig. 2), (2) publication
did not include a fish species of interest, (3) publication did
not include spatial data of important habitat, and/or (4) pub-
lication was a summary of previous work in the area (i.e., not
original data) unless that data were not accessible anywhere
else. We ended up with a total of 17 publications included
in the analysis (Table S2). Once the relevant literature was
identified, we digitised the spatial data included in ArcGIS to
represent the data shown in the source publications. It is im-
portant to note that there may be ecologically important fish
habitat in the study area that has not yet been studied in the
scientific literature and is therefore not included in our anal-
ysis. We address this issue in the calculations section, as well
as in the discussion.

Spatial overlay analysis

Preparing the hydrologic data

This analysis is based on the primary directed linear flow
network in the National Hydrographic Network (NHN) Hy-
drologic Dataset (NHN 2016). This polyline file was processed
using the RivEX 10.37 software package (Hornby 2021) for
ArcMap 10.6.1 using the methods described in Kokelj et al.

(2021) to determine the Strahler order of each stream seg-
ment in the study area. Since the NHN flow network con-
tained only data on primary channels, we manually added
secondary channels using the NHN linear flow polyline
dataset and then assigned Strahler order. There were a to-
tal of 74 495 stream segments in the final dataset, ranging in
length from 0.02 to 9171.9 m (mean: 236.4 £+ 687.59 m, me-
dian: 237.2 m), included in our analysis. In the NHN dataset,
the length of a stream segment depends on the location of
tributaries and distributaries, with unique segments ending
at branch points. We created a buffer around each stream seg-
ment to approximate the actual width of the streams using
Downing et al. (2012)’s estimates of mean stream width based
on stream Strahler order (Table S3).

Quantifying important fish habitat in the Peel
River Watershed

We created an index of fish habitat intensity (FHI) to quan-
tify the density and distribution of important fish habitat in
the study area. Important fish habitat was mapped based on
Gwich’in knowledge of important subsistence fishing loca-
tions and ecologically important habitat, as well as key habi-
tat noted in the scientific literature (Table 1). This method
is rooted in the assumption that the number and density
of fishing-related features provide an indication of cultural
use across landscapes (Proverbs et al. 2020a). The approach
used to represent the cultural value of fish in a spatial over-
lay analysis in ArcGIS is based on Proverbs et al.’s (2020a)
work. We modified the grid-based approach used by Proverbs
et al. (2020a) to estimate FHI by calculating the number of
features that overlapped with each buffered stream segment
in the study area. To ensure that point, polyline and polygon
data had a similar influence on FHI and remove any poten-
tial bias associated with stream segment size, we processed
source data layers and calculated FHI as described below.

We buffered point data using a 1000 m buffer to ensure
that they overlapped with water features in the vicinity. This
was done to address any issues with mapping-related errors
as many of these data were mapped using paper maps and
later digitised. Point data were included in the FHI index by
adding the number of points present per buffered stream
segment and multiplying that number by the normalized
stream segment length. Normalized stream segment length
was calculated as 1 — (X; — Xmin)/(Xmax — Xmin), Where x; is the
buffered stream segment length for a given stream segment,
and Xyin and Xnax are the minimum and maximum buffered
stream segment lengths for the study area, respectively. This
approach ensured that larger stream segments did not over-
represent point data in the resulting FHI scores. Polygon data
were included by dividing the total area of polygons in a given
waterway by the total area of the buffered waterway in which
the polygons were found. Polyline data were integrated by di-
viding the total length of all polylines in a given waterway
by half the perimeter of the buffered waterway in which the
polylines were found. We assigned each stream segment in-
cluded in the analysis a baseline cultural value of 1 to reflect
the fact that each waterway is of cultural importance to the
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Gwich’in, regardless of whether fish habitat was recorded in
our data compilation. We also assigned a baseline ecological
value of 1 to all stream segments in the Peel River Water-
shed to reflect the fact that we do not know, conclusively, all
important fish habitat in the area (see sample calculation in
Fig. S2).

FHI per stream segment was calculated as

2 + (number of points per buffered stream segment * nor-
malized buffered stream segment length) + (total area of
polygons intersecting each stream segment/total area of the
buffered stream segment) + (total length of polylines inter-
secting the stream segment/(0.5 * perimeter of the buffered
stream segment)).

Estimating the impact of slumping on important
fish habitat

We quantified and mapped areas of overlap, and therefore
potential impact, between the cumulative permafrost thaw
slump layer and important fish habitat data layer by multi-
plying the FHI score by the number of slump-affected streams
present upstream from a given location (FHI*Cumulative
slump impacts). The resulting risk map identifies areas of
overlap where thaw slumps may be having negative impacts
on important fish habitat. These risk scores were classified
into six categories (none, low, moderately low, moderate,
high, extreme) using a geometric interval approach in ArcGIS
due to the skewed nature of the data.

The cumulative slump data layer estimated the cumula-
tive upstream slump activity (i.e., number of slump-affected
stream segments upstream of a given segment) as a proxy of
the cumulative amount of slump-derived sediment and dis-
solved material delivery to a given stream segment (Kokelj
et al. 2021; Table 1). This source layer was based on binary
presence/absence of slumps on each stream segment. The up-
stream slump count will increase in a downstream direction,
enabling the estimation of the relative amount of slump-
derived sedimentary impacts. These values will vary across
tributary stream networks depending on the watershed sen-
sitivity to slumping and distribution of sensitive terrain.

We also identified areas directly impacted by slumps by
mapping stream segments with one or more active per-
mafrost thaw slumps present.

Community collaboration

Community consultation and participation was central to
this project’s success. We kept our Gwich’in partner organi-
zations (GRRB, DCH, RRCs) and communities up to date on
the project throughout the process by presenting at GRRB an-
nual board meetings and organizing a variety of other meet-
ings and events. Prior to starting interviews, we hosted a din-
ner to build relationships with Gwich’in Elders and knowl-
edge holders with country foods provided by a local caterer
in Teet?’it Zheh (Fort McPherson) in April 2022. We advertised
the dinner on the local radio station and provided a brief
overview of the project goals and next steps. Once the initial
spatial overlay analysis was completed, we held a follow-up
group meeting (n = 8 participants) to confirm the findings
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of the overlay analysis and get feedback on the maps gener-
ated. Participants were Gwich’in Elders and knowledge hold-
ers identified by our Gwich’in community coordinator and
our partners at the Tetlit RRC in Teetl’it Zheh (Fort McPher-
son), many of whom were also interview participants. This
verification meeting was held in Teetl’it Zheh (Fort McPher-
son) in February 2024 and lasted approximately 2 h. Partici-
pants were asked to look at the maps of individual fish habi-
tat source layers (e.g., fish camps, fish habitat, traditional fish-
ing locations) to see if the maps reflected their knowledge
and if anything was missing from the maps. Feedback was
that the maps of important fish habitat reflected their knowl-
edge and were complete. We finalized the overlay analysis
based on this feedback without any changes made. We also
discussed the implications of the slumping risk map to iden-
tity key concerns and next steps in the research process. A
project overview including this feedback was also provided
to the GRRB during their 5-year research prioritization meet-
ing held in October 2024.

Results

Important fish habitat in the Peel River
Watershed

All 74495 stream segments of the study area were delin-
eated as fish habitat (Fig. 3). The majority (79.3%, n = 59 056)
of those stream segments were in the light category (i.e.,
baseline value of 2), while 17.6% (n = 13143) were in the
moderate to high categories with mean (+standard deviation)
FHI scores of 2.1 4+ 0.31 and 4.3 £ 0.98, respectively. These
stream segments were found along the mainstem of Teetl’it
Gwinjik (Peel River), Gwatoh Taii Njik (Stony Creek), Vitreek-
waa Viteetshik (Vittrekwa River), VihtY’oo Njik (Road River),
Ndak Nadhadlaii Njik (Three Cabin Creek), Edigii Njik (Cari-
bou River), Gyuu Dazhoo Njik (Snake River), Tsaih TFak Njik
(Bonnet Plume River), and Tr’ineeditr’aii Njik (Wind River),
as well as Dachan Dha’aii Njik (James Creek), the headwa-
ters of Tr’atr’aataii Njik (Trail River), Van Choo (Hungry Lake),
and Nihtavan Diniinlee (Fish Lake). It also included some of
the lakes and creeks connected to Nataiinlaii (Eight Miles and
Eight Mile Creek) and Tr’'ineedadlaii and K’aii Tsik Njik (col-
lectively known as Satah River) to the east of the Peel River
mainstem. The remaining 3.1% of stream segments (n = 2296)
were in the very high category, with a mean (+standard de-
viation) FHI score of 8.6 + 1.52. These stream segments were
located along the mainstem of the Peel River from Teet!’it
Zheh (Fort McPherson) to the Satah River, as well as near Road
River, Trail River, and at the mouth of Snake River. It also in-
cluded some of the lakes and creeks connected to Eight Miles
and Eight Mile Creek and the Satah River to the east of the
Peel River mainstem.

Potential overlap between permafrost thaw

slumps and important fish habitat

There is high potential risk to important fish habitat along
the mainstem of the Peel River of experiencing the cumu-
lative impacts of permafrost thaw slumping (Fig. 4). Over-
all, 8.9% of stream segments with documented fish habitat
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Fig. 3. Map showing the density of important fish habitat per stream segment. Based on their fish habitat intensity (FHI) scores,
stream segments were grouped into four categories reflecting the density of fish features they contained using a geometric
interval approach: Light (FHI = 2.0), moderate (FHI = 2.1-3.0), high (FHI = 3.1-6.0), and very high (FHI = 6.1-14.9). Map key:
[A] Gwatoh Taii Njik (Stony Creek), [B] Dachan Dha’aii Njik (James Creek), [C] Vitreekwaa Viteetshik (Vittrekwa River), [D]
Nataiinlaii (Eight Miles and Eight Mile Creek), [E] Tr'ineedadlaii and K’aii Tsik Njik (collectively known as Satah River), [F] Ndak
Nadhadlaii Njik (Three Cabin Creek), [G] Vihtt'0o Njik (Road River), [H] Tr’atr’aataii Njik (Trail River), [I] the headwaters of
Tr’atr’aataii Njik (Trail River), [J] Edigii Njik (Caribou River), [K] Van Choo (Hungry Lake), [L] Tr’ineeditr’aii Njik (Wind River), [M]
Tsaih TY'ak Njik (Bonnet Plume River), [N] Gyuu Dazhoo Njik (Snake River), and [O] Nihtavan Diniinlee (Fish Lake). The map was
created using ArcGIS Pro with the “Light Gray Canvas” basemap from Esri and projected coordinate system NAD 1983/Canada
Lambert Conformal Conic. Gwich’in knowledge not documented during this study was provided by our Gwich’in partners, the
Gwich’in Tribal Council Department of Culture and Heritage (DCH 2020a, 2020b, 2020c, 2020d). Stream segment data are from
NHN (2016). Data mapped from western scientific literature are detailed in Table S2.

Fish Habitat Intensity
Light
Moderate

= High
Very High

were identified as at risk of experiencing the cumulative im-
pacts of permafrost thaw slumps (n = 6594; Table 2). Of these
stream segments, most were in the low to moderately low
risk categories (43.6%, n = 2874) with mean (+standard devi-

ation) risk scores of 2.0 £+ 0.021 and 4.2 £ 1.10, respectively.
A further third were in the moderate risk category (33.1%,
n = 2180) with a mean (+standard deviation) risk score of
20.9 £+ 12.39, and nearly a quarter (23.4%, n = 1540) were in
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Fig. 4. Cumulative and direct impacts of permafrost thaw slumps on important fish habitat in the Peel River Watershed within
the Gwich’in Settlement Region (solid black line). Based on their overlap scores, stream segments were grouped into six risk
categories reflecting the overlap between fish habitat features and the number of slump-affected stream segments present
upstream from a given stream segment. Categories were created using a geometric interval approach: None (overlap score of
0), Low (overlap score = 2.0-2.3), Moderately Low (overlap score = 2.4-6.3), Moderate (overlap score = 6.4-55.7), High (overlap
score = 55.8-669.3), and Extreme (overlap score = 669.4-8282.6). Stream segments directly impacted by thaw slumps are
denoted with lines perpendicular to the stream (labelled as direct in the legend). Map key: [A] Gwatoh Taii Njik (Stony Creek),
[B] TeetY’it Gwinjik (Peel River), [C] Vitreekwaa Viteetshik (Vittrekwa River), [D] Vihtl’00 Njik (Road River), [E] Tr’atr’aataii Njik
(Trail River), [F] Edigii Njik (Caribou River), [G] Gyuu Dazhoo Njik (Snake River), and [H| Tsaih TY’ak Njik (Bonnet Plume River).
The map was created using ArcGIS Pro with the “Light Gray Canvas” basemap from Esri and projected coordinate system
NAD 1983/Canada Lambert Conformal Conic. Gwich’in knowledge not documented during this study was provided by our
Gwich’in partners, the Gwich’in Tribal Council Department of Culture and Heritage (DCH 2020a, 2020b, 2020c, 2020d). Stream
segment data are from NHN (2016). Data mapped from western scientific literature are detailed in Table S2. Slump data are
from Kokoszka and Kokelj (2021).

Risk of Slumping Impact .
Cumulative Direct

e 1111 Low : A
P |111 Moderately low .

Moderately Low = Moderate yt\ ;’hl‘- JA] Mcigeron

Moderate High

High I1]| Extreme
= Extreme

the high to extreme risk categories with mean (+standard de-
viation) risk scores of 172.3 + 133.55 and 2212.9 + 1801.14,
respectively. Those waterways in the high to extreme risk

categories were largely located along the mainstem of the
Peel River from Teet?’it Zheh (Fort McPherson) to the Bon-
net Plume River and stretches of the main tributary rivers of
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Table 2. Mean risk score of documented fish habitat potentially experiencing the cumulative impacts of permafrost thaw slumps per waterway and the number and

percentage of waterways in each risk category.

Percentage of affected

Percentage of waterways

Mean number of
slump-affected streams

waterways with direct

with cumulative slump

Percentage of
all waterways

Number of
waterways

Mean FHI

Mean overlap
score (+sd)

Risk category (overlap
score range)

None (0)

slump impacts

impacts

upstream (+sd)

(&sd)
2.4 +1.30

91.2

67901
1667
1207

4.3

25.3

2.2

1.0 £ 0.00

2.0 +£0.021
2.6 £0.79

2.0 £ 0.020
42 + 1.10

Low (2.0-2.3)

3.3

18.3

1.6

1.8 £ 0.67

Moderately low

(2.4-6.3)

1.9
0.30
0.11

33.1

2.9
1.6

0.5

2180
1167

8.6 £ 5.28

2.6 +1.12

20.9 + 12.39
172.3 £+ 133.55

Moderate (6.4-55.7)

17.7

52.8 + 31.70
334.5 + 161.25

3.2 £1.52

High (55.8-669.3)

Extreme

5.7

373

6.1 +2.48

2212.9 £+ 1801.14

(669.4-8282.5)

Note: FHI = fish habitat intensity score.

the Peel River, including Stony Creek, Vittrekwa River, Road
River, Trail River, Caribou River, and Snake River. Waterways
in the moderately low and moderate risk categories were
located along stretches of the major tributary rivers of the
Peel River listed above. Across all risk categories, fish habitat
based on Gwich’in knowledge contributed the most to the
FHI score (from 53.1% to 56.3%), while Gwich’in place names
contributed the least to the FHI score (0%-1.5%) (Table S4).

There were 659 stream segments experiencing the direct
impacts of permafrost thaw slumps in the study area (Fig.
4). Most of the stream segments directly impacted by slumps
were in the light FHI category (i.e., baseline value of 2; 41.7%,
n = 275), followed by moderate (20.6%, n=136), high (10.9%,
n="72), and very high (1.2%, n = 8). These waterways were lo-
cated along Stony Creek, Vittrekwa River, Road River, Trail
River, Caribou River, Sheih Tsoo Njik (Sheh Tsoo Creek), Iy-
eendak Gwichoo (Gwachoo Slough), Frying Pan Creek (Solo
Creek), Nihtal Gyit Njik (Nihtal Git Creek), Aghoo Njik (Aghoo
Creek), Snake River, and Bonnet Plume River, as well as
along the mainstem of the Peel River near Shildii (Shiltee
Rock), TY oondih, Old Robert’s Island, Jim Harris Vidraa’, Njuu
Ghalzrii (Zralrii Island), Ok Chi’, Giddy’s Island, Raspberry Is-
land, Bullock’s Camp, and near the mouth of Daats’at Chi-
hvyah K’it Gwichoo (Sucker Creek) and the Satah, Road, Trail,
Snake, Bonnet Plume, Wind and Edrii Njik (Hart River) rivers
(Fig. S3).

Gwich’in knowledge of slumping impacts

When Gwich’in knowledge holders were asked if there
were any changes on the land that they were worried were af-
fecting fish or fish habitat in the Peel River Watershed, one of
their main concerns was the high rate of slumping in the re-
gion and its effect on fish health. Steven Tetlichi from Teet}t’it
Zheh (Fort McPherson) noted the impacts of slumping along
Gwatoh Taii Njik (Stony Creek) and how it is already affecting
fish in the area:

It’s so full of sediment [that] fish won’t be able to breathe if they go up
there. It’s thick, it’s like chocolate milk in the summer. Never used to
be. We used to go in there when we were kids, and used to be clear
mountain water, and the grayling used to come down and we used
to go in there and fish grayling. And now you won’t see that because
grayling only like clear, oxygenated water.

Elizabeth Vittrekwa from Teett’it Zheh (Fort McPherson),
meanwhile, is worried about how the high rates of slumping
in the Peel River Watershed is affecting fish health:

With all the mudslides and that, like what sort of minerals is going into
the water? And will it affect the fish? Because as you go up the Peel
further and further, you'll come across all different mudslides coming
down. [...] All the way up, you're going to see mudslides. ['m] worried
about that.

James McDonald from Aklavik noted that the increased
sedimentation from slumping is increasing the amount of silt
in fish gills and changing their colour: “my sisters and me [...]
we put a net in one evening when this fish [looked] drowned,
the gills are kind of greyish, but|...] you pull it out and it’s still
alive, you could just see the silt in the gills.” Gwich’in knowl-
edge holders also noted that slumping in the Peel River has
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affected their ability to harvest fish. For example, a Gwich’in
knowledge holder from Teetl’it Zheh (Fort McPherson) noted
a slump at Tr’atr’aataii Njik (Trail River) destroyed his fishing
eddy: “at Trail River, [...] there’s a big hill and when I used
to stay there, I used to have a net. [...] I drove by there, that
whole hill, half of it, came down. There’s no more eddy, can’t
set net there because it’s just ruined.”

Gwich’in knowledge holders are also worried about future
access to fish. Gordon Koe from Teetl’it Zheh (Fort McPher-
son) has not yet experienced the impacts of slumping on his
fishing but is worried about future potential impacts:

Say a creek got slumped in and the creek was cut off, it may affect me
[...] fishing-wise, where there’d be less fish. It’s not enough [...] to hurt
[now], but if enough of it happened and [over] so many years, it’s going
to cause a decrease [in the amount of fish].

A Gwich’in Elder from Teett’it Zheh (Fort McPherson) ex-
plained: “only thing I'm worried about is the landslides, our
eddies, and [...] I'm worried about my fish. [...] what’s going
to happen to our land after there’s no more ice underneath.
What’s going to happen.”

Gwich’in knowledge holders noted the need for research
to understand how these slumps are affecting fish in the
Peel River. A Gwich’in knowledge holder from Teett’it Zheh
(Fort McPherson) highlighted the importance of establish-
ing benchmarks for water quality with expected increased
slumping rates for the watershed:

[The slump] is draining into the Stony [Creek], but I'm not sure if any-
body’s taken [water] samples because at some point, you have to have a
benchmark [because] there’s [more] slumps coming up, there are some
big ones going to come.

Another Gwich’in knowledge holder from Teettit Zheh
(Fort McPherson) would like more work done to track slump-
ing and mapping of important fish habitat:

Just keep track on the slumps [and] mudslides. Report all mudslides,
you know, some mudslide might not go right across the river, but even-
tually it will [...] because they keep moving, right. [...] And just to...
mark out where all the fish holes are, start doing more surveys on find-
ing fish holes.

Discussion

Our analysis shows that culturally and ecologically impor-
tant fish habitat in the study area is at high risk of experienc-
ing the cumulative and direct impacts of permafrost thaw
slumping. Of the 6594 stream segments experiencing the cu-
mulative impacts of slumping, only 10.0% had one or more
active slumps directly adjacent. However, of these, nearly
a third were in the moderate to very high FHI categories.
These findings suggest that slumps have the potential to af-
fect Gwich’in fishing livelihoods and health and well-being in
the region (Proverbs et al. 2020b; Ziegler et al. 2024). For ex-
ample, the majority of the Gwich’in who fish the Peel River
have a fish camp at Nataiinlaii (Eight Miles) on the mainstem
of the Peel River where they fish tuk dagaii (broad whitefish)
and sruh (inconnu) in the summer and fall. This section of the
mainstem, near the community of Teett’it Zheh (Fort McPher-
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son), is also at high risk of experiencing the impacts of slump-
ing. During interviews, Gwich’in knowledge holders who fish
the Peel River noted that slumping is already affecting water
quality, fish habitat, fish health and harvesting in the study
area and are concerned how increased slumping rates will af-
fect their access to fish in the future. These results highlight
the need for more detailed analyses of the variability in slump
impacts across scales within the Peel River Watershed.

Thaw slumping in the Peel Plateau has a variety of impacts
on the aquatic environment. These impacts include the re-
lease of previously unavailable nutrients and pollutants (e.g.,
mercury, methylmercury, and lead), many of which are avail-
able for biotic uptake within the food chain, from thawing
permafrost (Kokelj et al. 2009, 2013; Schuster et al. 2011; Chin
et al. 2016; St. Pierre et al. 2018; Zolkos et al. 2020; Droppo
et al. 2022; Staniszewska et al. 2022). Slumps have also been
shown to increase stream productivity (Hayden et al. 2017)
and alter invertebrate assemblages and sentinel fish popula-
tions (Thienpont et al. 2013; Chin et al. 2016; Hudelson et al.
2019; Sivarajah et al. 2019). The increase in fine sediments
suspended in the system (Shakil et al. 2020) can also physi-
cally smother fish eggs (Mesquita et al. 2010).

It is important to note that the analysis presented in this
paper identified important fish habitat that may be affected
by slumping upstream. It did not assess the actual impacts
of thaw slumps on fish habitat in the study area. The na-
ture of the impacts that slumps have on aquatic ecosystems
are likely strongly influenced by catchment area, discharge
rates, and distance downstream from the location of the
slump (Schuster et al. 2011; Chin et al. 2016; Zolkos et al.
2020). For example, St. Pierre et al. (2018) found high mercury
concentrations in creeks draining slumps in the Peel River
Watershed, with elevated levels persisting over a kilometre
downstream. Staniszewska et al. (2022), on the other hand,
found similar mercury, methylmercury and lead concentra-
tions upstream and downstream from thaw slumps in the Old
Crow River, despite higher total suspended solid concentra-
tions post-slump. Additional research is needed to assess how
slump impacts change with distance and across catchment
scales to understand the cumulative impacts of slumping on
fish habitat in higher order streams. Future analyses should
also examine if slumping affects migratory fish species dif-
ferently than non-migratory species. For example, Hodgson
et al. (2020) found that migration routes of tuk dagaii (broad
whitefish) in the Peel River Watershed are not obligate and
that individual fish used the watershed differently potentially
protecting broad whitefish from the effects of environmental
change. Currently, there is not sufficient information regard-
ing the distribution of key fish habitat types (gravel beds for
spawning, deeper winter lakes for overwintering, etc.) in the
Peel River Watershed to understand if migratory fish have ac-
cess to alternative habitats not affected by slumping.

The results of our analysis can be used to prioritize areas of
high cultural and ecological importance for additional mon-
itoring. Future studies could assess water quality, changes
in biogeochemistry, changes in macroinvertebrate commu-
nities, siltation of key spawning habitat, and fish health. As
noted by a Gwich’in knowledge holder during interviews, it
is essential to have benchmark values for water quality now
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to understand future impacts of increased permafrost slump-
ing rates on fish health. During a follow-up workshop held
in Teett’it Zheh (Fort McPherson) in February 2024, Gwich’in
Elders and knowledge holders identified several future re-
search directions, including studies on fish health and water
quality at Eight Miles and the mouth of Stony Creek, as well
as fish tagging studies to confirm the location of key spawn-
ing habitat in the Wind, Bonnet Plume, and Snake rivers, and
the impact of slumping on these areas.

Our analysis also shows that only the waterways in the up-
per, western portion of the Peel River Watershed are experi-
encing the negative impacts of slumping. This area is rich in
ground ice and fine-grained tills associated with ice marginal
environments of the late Wisconsin making it more vulner-
able to changes in climate than the terrain to the east of the
Peel River (Kokelj et al. 2017). This means that a significant
portion of key cultural and ecological fish habitat in the east-
ern portion of the Peel River Watershed, which is less rich
in ground ice, especially the rivers and lakes connected to
Eight Miles and the Satah River, are not affected by slump-
ing upstream. These areas are key harvesting sites for the
Gwich’in and important nursery and overwintering places
for culturally important fish species. The Bonnet Plume and
Wind rivers were also in the lower risk category for slump-
ing impacts despite being in the western portion of the wa-
tershed.

There is an urgent need for more inclusive methods to eval-
uate the cumulative impacts of disturbances on cultural and
ecological landscapes using Indigenous knowledge. To date,
cumulative impact assessments have largely used western
scientific knowledge, while Indigenous knowledge has gen-
erally been overlooked (Mantyka-Pringle et al. 2017; Eckert
et al. 2020; Adams et al. 2023). The omission of Indigenous
knowledge means that these assessments may not reflect the
full extent of the impacts of disturbances and can lead to con-
flict and ineffective assessment and management of cumula-
tive impacts (Ehrlich 2010; McCormack 2017; Adams et al.
2023). More inclusive cumulative impacts research can also
help address the moral and legal obligations set out in the
Truth and Reconciliation Commission of Canada Calls to Ac-
tion and the United Nations Declaration on the Rights of
Indigenous Peoples that are critical for researchers to con-
sider when doing research with Indigenous partners or on
Indigenous lands (Wong et al. 2020; Ignace et al. 2023; Reid
et al. 2024). One approach to building more inclusive cumula-
tive impacts methods has been the use of Bayesian networks
in combination with expert elicitation of both Indigenous
and non-Indigenous knowledge holders to estimate the cur-
rent and future cumulative impacts on a given focal species
or ecosystem (Mantyka-Pringle et al. 2017; Kaikkonen et al.
2021; Moe et al. 2021; Adams et al. 2023). A key challenge to
constructing a robust Bayesian network for complex cumula-
tive impacts is that it requires significant expert knowledge
to accurately define relationships and probabilities, which
can be challenging to elicit and integrate (Uusitalo 2007). Val-
idating the results of Bayesian networks for cumulative im-
pact assessments can also be made difficult by a lack of appro-
priate data (Sperotto et al. 2017). Our spatial overlay approach
avoids these challenges as it relies on existing knowledge,

both Indigenous (culturally and ecologically important fish
habitat) and western scientific (ecologically important fish
habitat and cumulative slumping), to estimate how a given
impact (slumping) will affect key species in a given region.
Unlike Bayesian networks, however, our mapping approach
does not include a predictive component and therefore can-
not predict how slumping will affect culturally and ecolog-
ically important fish habitat in the future under different
climate or development scenarios. Our approach also relies
heavily on the extensive spatial data our Gwich’in partners
provided, which is not commonly available. The approach we
used in this paper gave equal weighting to each type of knowl-
edge in a cumulative impact assessment of slumping across
a watershed. This approach can be used for other types of
disturbances in aquatic environments, such as industrial ef-
fluent, agricultural runoff, and sewage outfalls.

In the case of the Peel River Watershed, there was little in-
formation from fisheries science on important fish habitat in
the region (i.e., only 17 sources with spatial data in the study
area). Most of this work focused on the spawning of tuk da-
gaii (broad whitefish) along the mainstem of the Peel River,
and most of these sources date back to the 1970s and 1980s
(see Table S2). This type of knowledge also had minimal in-
formation about culturally important areas in the watershed.
Gwich’in knowledge of important fish habitat was therefore
essential in gaining a fuller understanding of the impacts of
slumping on culturally and ecologically important fish habi-
tat across the full watershed. It is important to note, however,
that the approach we used relies on the spatial information
available for both the cultural and ecological importance of
fish habitat in the region. In the case of the ecological data
derived from western scientific data, we were limited by the
studies focused on fish habitat in the region. In the case of cul-
tural and ecological data based on Gwich’in knowledge, some
streams in the analysis are likely important to the Gwich’in
people, but simply do not have cultural features recorded
in the data we used. For example, some areas likely experi-
enced greater use prior to European contact in the mid-1800s,
which would not be captured in the spatial data included in
the analysis (Andrews et al. 2016). We addressed this issue
with the underlying data by assigning a baseline value of 2
to all stream segments to reflect the cultural importance of
these streams in the analysis, as well as their potential eco-
logical value.

We would also like to stress that our transdisciplinary,
community-based project was made possible through the
hard work and dedication of the DCH to document and map
Gwich’in knowledge of fish in the Gwich’in Settlement Re-
gion (e.g., Aporta et al. 2014). Strong relationships with re-
gional Indigenous organizations and territorial scientists also
played a vital role in laying the groundwork for this project.
For example, the spatial data on thaw slumping we used from
the Northwest Territories Geological Survey were generated
as a direct outcome of discussions with Gwich’in partners and
their desire to understand ecosystem level impacts of slump-
ing in the Peel Plateau and, specifically, for the scientific
community to better link permafrost landscape change with
questions surrounding water and fish. Our approach high-
lights the need for improved communication among those
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generating these kinds of datasets and the Indigenous com-
munities who would like to use them to address environmen-
tal issues on their lands, as well as improved support for In-
digenous nations to develop their own knowledge datasets
over the medium- to long-term. In addition to taking the time
to listen and build relationships with Indigenous partners,
this approach also requires accepting that our (western scien-
tists’) modes of inquiry, including the questions we ask, the
methods we use to collect data, and the ways of analyzing and
sharing information, may need to change.
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