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Rapid climate change is altering Arctic ecosystems and affecting the lifeways of Arctic 

Indigenous peoples. For the six Inuvialuit communities in the Canadian Arctic, access to fish is 

an important source of food and cultural connection. In my MSc research, I analyzed two distinct 

but interconnected effects of environmental change on fish availability throughout the Inuvialuit 

Settlement Region (ISR) in the Northwest Territories, Canada. In the first part of my thesis, I 

investigated changes in Pacific salmon harvest. I conducted 54 interviews with Inuvialuit fishers 

about this harvest and concurrent changes to local environments and fish species. I found that 

historic, incidental salmon harvest in the ISR ranged from infrequent to common among Delta 

communities but was rare or unprecedented among Outer communities. Salmon are now 

frequently caught in each community, a change that is concerning to many Inuvialuit fishers. 

Participants attributed the increase in salmon harvest to environmental change, but explained that 

there are many other effects of environmental change on fishing. Notably, interview participants 

described how worsening summer weather is negatively affecting peoples’ access to fishing. In 

the second part of my thesis, I explored this further and quantified the effects of weather on 

access to fishing from 1979 to 2019. To do so, I paired questionnaires completed by fishers in 

each community and ERA-5 climate reanalysis data to create the Index of Fishing Opportunity 

(IFO). This index showed high inter-annual and seasonal variation in access to fishing. 

Windspeed and direction had the highest impact on fishing conditions, followed by sea-ice, 

temperature, then rain. Long-term trends varied among locations, but were not representative of 

the experiences of Inuvialuit fishers. This suggests the index is suitable for comparing relative 

access to fishing between seasons, years, and communities, but lacks the precision required to 

represent long-term trends. By partially quantifying the influence of weather conditions on 

access to fishing, the IFO provides a novel way for the effects of climate change on access to 
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inform fisheries management. Together, my two investigations show that Inuvialuit fisheries are 

changing rapidly and highlight the need for ongoing research to inform adaptive climate 

strategies. 
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Chapter 1 – Introduction 

 

Study Rationale 

There is growing concern over the future of subsistence fisheries around the globe as climate 

change and over-exploitation become increasingly impactful on eco-cultural systems (FAO 2018; 

Ford et al. 2013; ICC 2020; IPCC 2019; Marques et al. 2010). Many Indigenous communities are 

facing these effects earlier and more acutely than settler communities while working to maintain 

their reciprocal relationships with fisheries (ICC 2020; IPCC 2019; Proverbs et al. 2019; Usher 

2002; Whyte 2017). For example, Inuit and other Arctic peoples are experiencing temperature 

increases at a rate more than twice the global average, and dramatic environmental changes that 

are influencing marine and freshwater fish (ACIA 2005; IPCC 2019; Niemi et al. 2019). Given 

the nature and speed of environmental changes in their territory, the relationships between Arctic 

Indigenous peoples and fish are threatened (Ford et al. 2013; Galappaththi et al. 2019; Tai et al. 

2019). Research investigating environmental and social changes in Arctic fisheries is therefore 

paramount. 

Many northern communities are particularly concerned about the impacts of climate on the 

availability of important species and the cultural traditions of harvesting (ICC 2020; Todd 2016). 

For example, fish distributions have already begun to shift poleward (Cheung et al. 2019; Dunmall 

et al. 2018; Sunday et al. 2015). Simultaneously, environmental changes are impacting peoples’ 

access to fish by limiting their ability to engage in harvest activities as they would in the past (Ford 

et al. 2013; Hansen et al. 2013). For instance, erosion related to the thawing permafrost is 

increasing sediment and debris in some rivers, limiting peoples’ ability to set nets in those rivers 

(Proverbs et al. 2020). These processes are facilitating a decrease in the availability of culturally 

important food fish, with impacts on community and individual well-being (Lambden et al. 2007; 

Parlee and Furgal 2012; Petrasek MacDonald et al. 2017; Pecl et al. 2017; Proverbs et al. 2020). 

Research on the impacts of climate change in the Arctic must be informed by local worldviews 

and oriented towards local self-governance, yet hold to account the global colonial societies 

responsible for dramatic environmental change in the Arctic (Cameron 2012; ICC 2020; Reid 

2018; Whyte 2017; Wong et al. 2020). Previous climate-impact studies in the Arctic have focused 
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on the vulnerability and adaptive capacity of Arctic peoples (Ford 2009; Ford and Smit 2004; 

Laidler et al. 2009); these are certainly concerning issues to Arctic peoples. However, as Cameron 

(2012) explains, any failure to consider the ways that colonialism shapes vulnerability in 

Indigenous communities contributes to a modern colonial project (see also Reid 2018). This 

compounds the extractive and appropriative legacy of research on/with Indigenous peoples 

(Cameron 2012; Simpson 2004; Smith 1999). As the call for research and policy to respectfully 

include Indigenous experiences amplifies, we must respond, yet be sure to reckon with our past 

and hold ourselves to account (Cameron et al. 2012; Ford et al. 2016; ICC 2020; Reid et al. 2020; 

Simpson 2004; Wong et al. 2020). 

My MSc research builds upon previous work examining changes to Arctic fish communities and 

the impacts of climate change on northern Indigenous livelihoods (Dunmall et al. 2018; ICC 2020; 

IJS 2003; Proverbs et al. 2020; Todd 2016; Wesche and Chan 2010). The overarching goal of my 

research was to characterize some of the environmental changes influencing fish availability in the 

Inuvialuit Settlement Region (ISR). My thesis is composed of two complementary research 

projects written as unique stand-alone manuscripts. My work is a product of partnerships with 

Inuvialuit organizations and Fisheries and Oceans Canada (DFO). Through these partnerships I 

hope to inform adaptive measures and co-management processes. 

For chapter two of this thesis, I worked with Inuvialuit fishers to understand changes in fish 

harvests occurring throughout their territory. Increasing harvests of Pacific salmon in the ISR are 

indicative of potential northward shifts in the distribution of these five species, but previous 

research on this topic does not provide historical information about the Inuvialuit salmon harvest 

(Dunmall et al. 2018; Stephenson 2006). Knowing that Inuvialuit harvesters hold important 

insights, the Fisheries Joint Management Committee, an Inuvialuit-DFO co-management body, 

requested an Inuvialuit knowledge project be done to fill this gap. The results of this study are 

presented in chapter two of my thesis, where I explore the following research question: how have 

Pacific salmon harvests changed over the last generation in the ISR? To answer this question I 

partnered with DFO and local Hunters and Trappers Committees to conduct a series of semi-

structured interviews in each Inuvialuit community. I synthesized the knowledge of Inuvialuit 

harvesters to construct a timeline of salmon harvest in the ISR. I also summarize Inuvialuit 

knowledge of the potential drivers of shifting range margins and the impacts of these changes. The 
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historical dynamics of the salmon harvest, how it has changed in recent years, and what changes 

salmon might be responding to will provide critical information to managers and fishers invested 

in the future of Arctic fisheries. 

In chapter three of this thesis I explore the impact of recent changes in climate on fishing 

opportunity across the ISR. I ask, can we use weather reanalysis data to describe changes in access 

to fish? This study emerged from observations shared during the interviews conducted for chapter 

2. During these interviews several participants noted that climate change is causing new weather 

conditions that are impacting Inuvialuit ability to fish. With the help of the Hunters and Trappers 

Committees, I designed questionnaires to understand the nature of weather that is considered 

“good” or “bad” for fishing. I used this feedback to create an index to represent the quality of 

marine fishing conditions in the summer. Subsequently, I used weather re-analysis data from 1979-

2019 to investigate if this index could be used to track changes in fishing opportunity over time. 

In the final chapter of my thesis I synthesize the findings of chapters two and three and discuss 

further applications of my work, and how it relates to the future of Inuvialuit fisheries. The 

remainder of this chapter provides critical context that is not included in chapters two or three. 

Topics covered include: my personal location; the use of Indigenous and western knowledges; 

Inuvialuit territory and history; Inuvialuit fishing practices; the relationships between fisheries, 

health, and well-being; the impacts of climate change on fisheries; and Pacific salmon in the Arctic. 

 

Personal Location 

I am a queer, white settler born on the territories of Qayqayt and Kʷikʷəƛ̓əm First Nations in what 

is now known as British Columbia. My families landed here from Iceland, the United Kingdom, 

and Italy by way of the territories of Očhéthi Šakówiŋ (Sioux), Néhiyaw (Cree), and Siksikaitsitapi 

(Blackfoot), throughout Manitoba, Saskatchewan, and Alberta. Coast Salishan territories provided 

me the first lessons about environmental studies and the relationships between people and place. 

For the majority of my masters research I lived and worked on the territories of the Lək̓ʷəŋən and 

SENĆOŦEN speaking peoples. Throughout my life I have benefitted immeasurably from the 

historical and ongoing land stewardship of First Nations in BC. My unlearning of settler 
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colonialism is ongoing. Each day I strive to adopt anti-colonial practices of walking these lands 

upon which I remain an uninvited guest. 

For this research I had the privilege of learning from Inuvialuit and their territory. Both of the 

substantive research chapters in my thesis rely, to varying degrees, on Inuvialuit knowledge. I 

engaged in Community Based Participatory Research practices with the goal of sharing the 

benefits of this research with Inuvialuit youth and fishers. Through conversations, self-reflection, 

and constant re/unlearning I have strived to temper the influences of my settler positionality on 

this research project. My goal has been to tread lightly. It is my sincerest hope that my work can 

contribute to Inuvialuit self-governance and an anti-colonial future. 

 

Indigenous and Western Knowledges 

Recent decades have seen a rise in publications focused on Indigenous Knowledge (IK) across 

many academic disciplines and in public facing media outlets (Grenier 1998; Inglis 1993; Johannes 

1989; Linden 1991; Wenzel 1999). Ecologists, botanists, anthropologists, and philosophers of 

western and Indigenous backgrounds have engaged in a conversation to introduce and define IK, 

examine its structure, and discuss its relationships to other forms of knowledge (Houde 2007; 

Johannes 1989; Nadasdy 2003; Simpson 2004; Turner et al. 2000). The breadth and popularity of 

this work has led to the uptake of IK into various levels of governance, from local-scale wildlife 

management, to federal policy (Usher 2000; Houde 2007; Berkes 2012). In many regions it has 

become a requirement to incorporate local IK into decision making processes (Usher 2000; Houde 

2007). The manifestations of this requirement are extremely variable but range from meaningful 

consideration to tokenism (Ellis 2005; Berkes et al. 2001; Manseau et al. 2005). 

As publications including IK have risen, so too has the discourse surrounding ethical research 

relationships involving Indigenous peoples (Battiste and Youngblood Henderson 2000; Castellano 

2004; Castleden et al. 2012; Glass and Kaufert 2007; Nadasdy 2003; Smith 1999). The history of 

this research conducted by academia is inseparable from the history of colonialism, and extractive 

research practices and inequitable distributions of resources and opportunities persist (Battiste and 

Youngblood-Henderson 2000; ITK 2019b; Smith 1999; Wong et al. 2020). Shifts towards 

knowledge co-production, the relocation of research activities within communities, and more 
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equitable distribution of research benefits are small ways in which the academy has begun to 

reconcile our colonial history (Castleden et al. 2012; ICC 2020; ITK 2019b; Wong et al. 2020). 

 

Inuvialuit 

I had the incalculable privilege of doing my Masters research with Inuvialuit fishers in their 

homelands. These lands span the sub-Arctic boreal forest through the high Arctic tundra, with 

annual average temperatures ranging from -8.2°C in Aklavik to -12.8°C in Sachs Harbour 

(Environment Canada 2018a and 2018b). The southwestern portion of the Inuvialuit Settlement 

Region (ISR) has a warmer climate, which supports more productive woodland and tundra 

ecosystems (ECG 2009 and 2012). In the northern and eastern portions of the ISR, the climate is 

cooler, and tundra ecosystems are less productive and more sparsely vegetated (ECG 2013). The 

ISR includes a number of lake-rich areas such as the Mackenzie River Delta and the Tuktoyaktuk 

Coastlands, as well as near- and off-shore marine ecosystems of the Beaufort Sea. 

Inuvialuit have gone through many cultural shifts over the last 1000 years, beginning with the 

migration of their Thule ancestors from Alaska to the northern Yukon the western Arctic (Betts 

2009). Early after this migration, they identified as Siglit and lived in eight distinct settlements 

stretching from Herschel Island to Cape Parry (Betts 2009). These populations considered 

themselves apart from their Inuit and Gwich’in neighbours, but had frequent and amicable 

interactions with Iñupiat in what is now Alaska (Naggy 1994; Stefansson 1919). Each settlement 

had unique subsistence economies oriented toward the ecological productivity of their immediate 

environment (Betts 2009). 

Resources in Inuvialuit territory are temporally and spatially heterogeneous (Betts 2005). Many 

wildlife populations are highly migratory and only seasonally available. Additionally, the extreme 

seasons limit when resources are available for harvest. Winter village sites were built in areas with 

significant harvest opportunity, but large parts of the year were spent travelling to harvest 

elsewhere (Alunik et al. 2003; Betts 2009; Lyons 2009). A significant part of Inuvialuit identity is 

drawn from relationships with these animals (Alunik et al. 2003; Lyons 2009). Particularly 

significant animals include qilalukkat (beluga, Delphinapterus leucas), tuktuvialuit (caribou, 
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Rangifer tarandus granti), omingmak (muskox, Ovibos moschatus) and a wide range of fish and 

bird species (Alunik et al. 2003; Freeman et al. 1992; Lyons 2009). 

As elsewhere around the globe, colonial agents came to meet Inuvialuit. Early interactions, such 

as the journeys of Mackenzie and Franklin, had minimal effects on the lifeways of the Indigenous 

peoples of the western Arctic, but set the stage for the colonial project that would follow (Lyons 

2009). Soon after those early “explorers” came the whaling ships that brought the brief but 

intensive baleen industry (Alunik et al. 2003; Freeman et al. 1992; Lyons 2009). When whaling 

collapsed, agents of the Hudson’s Bay Company and various churches ushered in the longer fur-

trade era, defined by continued colonial expansion into Inuvialuit homelands and lucrative trading 

opportunities for some Inuvialuit trappers (Alunik et al. 2003; Betts 2009; Lyons 2009). 

Exploration for oil and gas followed, and the effects of climate change began to take root (Alunik 

et al. 2003; IRC 2018; Usher 1971). 

In 1970, Inuvialuit organizers formed the Committee for Original People’s Entitlement (COPE) as 

a voice to represent themselves to outsiders (IRC n.d.). COPE spearheaded negotiations with the 

Canadian Government which would culminate in the signing of the Inuvialuit Final Agreement 

(IFA) in 1984 (Canada 1984). Throughout this time the term Inuvialuit, meaning the real people, 

became widely used as a way to unify the people in the region. Modern Inuvialuit speak three 

dialects of Inuvialuktun: Sallirmiutun, Uummarmiutun, and Kangiryuarmiutun. These languages 

hold the histories of Inuvialuit experience, and reflect the diverse people now known as Inuvialuit. 

The IFA formally recognized the 435,000 km2 Inuvialuit Settlement Region (ISR). It also 

established the legal methods by which Inuvialuit govern their lands and laid out the 

responsibilities of the parties to be involved (Canada 1984). In the context of this thesis, the most 

significant process implemented by the IFA is co-management. The IFA established 5 co-

management boards and community Hunters and Trappers Committees with the mandate of 

governing the use of resources in the ISR (Canada 1984). My MSc research has been done under 

the guidance of some of these organizations: including the Fisheries Joint Management 

Committee, Hunters and Trappers Committees, and the Inuvialuit Game Council. 

 

Inuvialuit Fishing Practices 
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While Inuvialuit fishing methods have changed in the last 200 years, the importance of fishing 

activities has not. Historically fishing took place under the ice in late fall and early spring, and 

throughout the open water period (Alunik et al. 2003; Morrison 2000; Usher 2002). Fishing efforts 

are often concentrated during the runs of anadromous fish and feature the use of nets and hooks 

(Alunik et al. 2003; Morrison 2000; Usher 2002). While everyone has their own favourite fish to 

eat, popular ones are iqalukpik (arctic char, Salvelinus alpinus), anaakłiq (broad whitefish, 

Coregonus nasus), and singayuriaq (lake trout, Salvelinus namaycush). In the past, travel to and 

from spring and winter fishing locations was done by dog-teams whose diets were composed 

primarily of fish. Fishing effort before the introduction of snowmobiles was therefore much higher 

to feed the numerous dogs kept by each family (Alunik et al. 2003; Usher 2002). Travel to and 

from summer fishing locations frequently occurs by boat, historically in large umiaqs or smaller 

kayaks, then by schooners, and now by smaller aluminum boats (Alunik et al. 2003). 

Inuvialuit relationships with fish may change, or be forced to change, under new environmental 

conditions (Ford and Pearce 2010; ICC 2020). Changing sea-ice, unpredictable weather, 

permafrost thaw, and erosion are only some of the changes mediating peoples’ ability to fish 

(Communities of Aklavik, Inuvik, Holman Island, Paulatuk and Tuktoyaktuk et al. 2005; Ford et 

al. 2013; IRC 2018; Pearce et al. 2015). Meanwhile, ongoing colonial processes have mediated 

the loss of Inuvialuit knowledge and language, and a disconnection between generations and from 

the land, further compounding the effects of environmental change (Cameron 2012; Communities 

of Aklavik, Inuvik, Holman Island, Paulatuk and Tuktoyaktuk et al. 2005). 

Inuvialuit are responding to these pressures culturally and politically. Individuals are adapting the 

timing and methods of their fishing, and traveling via new modes and routes to and from fishing 

locations (Ford and Pearce 2010). Community efforts to increase resilience include food-sharing, 

community freezers, practicing Inuvialuit culture on the land, and elder-youth mentoring programs 

(Berkes and Jolly 2002; Ford and Pearce 2010; IRC 2018; Lyons 2009). Finally, in coordination 

with other Inuit, Inuvialuit organizations are advocating for environmental protection and 

monitoring in their homeland that is informed by their own worldviews (ICC 2020; ITK 2019 a & 

b). They are doing so while calling for climate-accountability and environmental justice at 

regional, national, and international scales (ICC 2020; ITK 2019 a & b, Watt-Cloutier 2005). 
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Fisheries, Health, and Well-being in the Arctic 

Fish provide a critical source of nutritious food to Inuvialuit, and to Indigenous peoples throughout 

the Arctic (ICC 2020; ITK 2019a; Kenny et al. 2018; Kuhnlein and Receveur 2007). Broadly, Inuit 

throughout Inuit Nunangat experience food insecurity at eight times the rate of the general 

Canadian population (Kenny et al. 2018). Inuvialuit fishing is important for reducing this food 

insecurity, and provides essential nutrients (Kuhnlein and Receveur 2007; Wesche and Chan 

2010). Reduced access to country foods such as fish, results in reductions in protein, vitamin D, 

iron, zinc, and omega-3 fatty acids (Wesche and Chan 2010). Market foods are often low quality 

and may cost twice as much as food in southern Canada (Kenny et al. 2018; Kuhnlein and 

Receveur 2007). 

Fishing is also essential to well-being more broadly (Cunsolo Willox et al. 2011; Petrasek 

MacDonald et al. 2015; Proverbs et al. 2020). Drawing on Indigenous conceptions of wellness in 

the Arctic (RCAP 1996), we employ Parlee and Furgal’s (2012:7) definition of individual well-

being as “balance between the emotional, mental, spiritual, and physical dimensions of the person 

in connection to family, community, and environment”. For Inuit throughout the Canadian Arctic, 

being in good reciprocal relationship with their lands leads to feelings of happiness, and stronger 

senses of community and individual identity (Cunsolo Willox et al. 2011; ICC 2020; Searles 

2009). Fishing and hunting are important ways that Inuit have always maintained their 

relationships with their homelands (ICC 2020; Searles 2009). The absence of these cultural 

activities and traditions has also been linked to unhappiness and disconnection (Kral et al. 2011). 

By impacting the future of Inuit fisheries, rapid environmental change stands to affect not only 

food security, but holistic measures of Inuit health (Cunsolo Willox et al. 2011; ITK 2014; Kral et 

al. 2011; Petrasek MacDonald et al. 2015). Inuit Tapirit Kanatami (ITK) has outlined eleven social 

determinants of health in Inuit communities in Canada (2014). Four of these link directly to fishing 

practices: culture and language; livelihoods; food security; and the environment (ITK 2014). 

Dramatic environmental changes have been linked to feelings of anxiety, depression, fear, and 

sadness in youth across Inuit Nunangat (Cunsolo Willox et al. 2011). Through its connection to 
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culture and community, fishing can help to protect Inuit well-being (Petrasek MacDonald et al. 

2015). 

 

Climate Impacts on Fisheries 

Global climate change is predicted to impact the availability of fish to Inuvialuit harvesters (FAO 

2018; Ford and Pearce 2010; ICC 2020; Niemi et al. 2019). Changes to abiotic conditions driven 

by a changing climate are likely to impact the physiology and productivity of Arctic fish 

populations (Brander 2007; Cheung et al. 2009; Fossheim et al. 2015; Niemi et al. 2019; Pankhurst 

and Munday 2011; Sheridan and Bickford 2011). Shifts in temperature, pH, and weather patterns 

will drive physiological responses in fish and influence population dynamics (Brander 2007; 

Niemi et al. 2019; Heuer and Grosell 2014; Rijnsdorp et al. 2009). While climate change is 

exerting these effects on individual species, they cannot be considered in isolation. Changes in 

interactions among species, including competition and predation, are likely to have complex 

effects on ecological communities and are challenging to predict (Carozza et al. 2019; Cheung et 

al. 2019; Niemi et al. 2019; Tai et al. 2019). For example, increased primary productivity 

ascending through trophic levels may offset negative physiological effects of climate change on 

fish (Carozza et al. 2019). Predictions about the future of Arctic fish communities are uncertain, 

but some studies suggest that fish productivity in the Arctic may increase with climate change, 

facilitating larger marine fisheries (Lam et al. 2014; Reist et al. 2006; Tai et al. 2019). 

Many fish species are responding to increasing temperatures by shifting their ranges poleward 

(Cheung et al. 2019; Free et al. 2019; Sunday et al. 2015). These shifts are expected to result in 

high species turnover in Arctic regions (Cheung et al. 2009). This phenomenon is expected in all 

habitats, but is hypothesized to occur rapidly in the oceans, where connectivity does not limit 

movement in the same way that it does on land (Sunday et al. 2015). The redistribution of 

biodiversity is likely to decrease Inuvialuit access to culturally important fish species, and facilitate 

new biotic interactions, with the potential to decrease Arctic fish populations (Cheung et al. 2009; 

Fossheim et al. 2015; Pecl et al. 2017). 

These temperature changes, and other anthropogenic impacts, may also impact fish health, and 

thus their suitability for human consumption (Chiaramonte et al. 2016; Coleman et al. 2019; 
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Marques et al. 2010). A warming climate and a longer ice free season in the Arctic will affect the 

survival and health of fish species at all life-history stages (e.g., delayed spawning events, reduced 

body size) (Carton et al. 2015; Pankhurst and Munday 2011; Sheridan and Bickford 2011). 

Environmental changes could also alter the prevalence of parasites in fish (Lõhmus and Björklund 

2015). Contaminants such as mercury or microplastics have also been observed in some Arctic 

fishes, and may have negative effects on human health (Carrie et al. 2010; Mozaffarian and Rimm 

2006). Finally, with declines in Arctic sea ice, new economic opportunities such as increased ship 

traffic and new resource extraction projects are being proposed. These are also likely to contribute 

to rapid environmental change and influence future fisheries (Collins and Kumral 2020; Hauser et 

al. 2018; Lemly 1994). 

 

Pacific Salmon in the Arctic 

The five species of Pacific salmon (Onchorynchus spp.) in North America have highly diverse 

life-history traits and strategies (Groot 1991 & 2010; Qin and Kaeriyama 2016). This is likely a 

product of their successful diversification in response to dramatic changes in topography, 

glaciations, and climate of the west coast of North America over the last five million years 

(Montgomery 2000; Waples et al. 2008). Each species has different habitat use, physiological 

tolerances, and timing of life-history strategies (Groot 1991 & 2010; Qin and Kaeriyama 2016). 

For example, pink salmon (O. gorbuscha) migrate to the ocean soon after hatching and return to 

spawn within 18 months, thus completing a two year lifecycle (Groot 1991). Chinook salmon (O. 

tshawytscha) migrate later and may spend as long as eight years in the ocean (Groot 2010). During 

their ocean stages, salmon feed on a variety of species as determined by salmon morphology, 

physiology, and environment (Auburn and Ignell 2000; Kaeriyama et al. 2004; Tadokoro et al. 

1996; Qin and Kaeriyama 2016). These generalist traits have likely contributed to their expansions 

into the warming Arctic (Carothers et al. 2019; Dunmall et al. 2013 & 2018; Nielsen et al. 2013). 

Across the ISR the harvest of Pacific salmon has increased considerably in the last 30 years 

(Dunmall et al. 2013 & 2018). In order from most to least common, fishers are catching chum, 

pink, sockeye, chinook, and coho; all five of the species found on the west coast of North America 

(Dunmall et al. 2018). With the exception of a small population of chum in the Liard River 
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(Dunmall 2018; Irvine et al. 2009), established populations of salmon are unknown in Canadian 

Arctic drainages. Establishment is the greatest barrier to salmon colonization of the Arctic, and is 

mediated by the lower thermal limit during critical early life-stages (Dunmall et al. 2016). Salmon 

range expansion at the end of the last glacial maximum (20,000 years ago) suggests that recent 

climate change is also likely to facilitate northern expansion, but additional research and 

monitoring are required (Dunmall et al. 2016; Farley et al. 2020; Nielsen et al. 2013 & 2020; Yoon 

et al. 2015). 

 

Connections: Research Objectives 

My thesis knits these topics through two case-studies. First, I analyze Inuvialuit knowledge of 

changing fish distributions, specifically the recent dramatic increase in the harvest of Pacific 

salmon. I synthesize observations of salmon harvest, and the potential impacts of shifts in 

abundance that were shared by fishers across the ISR. Following the guidance of these fishers, I 

frame salmon harvests as an indicator of ecosystem-level shifts. Given the holistic nature of 

Inuvialuit knowledge, many non-salmon themes arose from this knowledge sharing as affecting 

fishing practices. One notable observation mentioned by numerous participants was that new 

weather conditions are reducing access to fish. In chapter three, I explore this observation in more 

detail using questionnaires and climate re-analysis data to assess how changes in weather have 

influenced access to fishing. Together, these two chapters contribute to our knowledge of how 

climate change may shape the future of Inuvialuit fisheries. In my thesis, I have sought to provide 

insight into the rapid environmental changes occurring in the ISR, and their related influences on 

future of Inuvialuit fisheries. 
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Chapter 2 – Inuvialuit Knowledge of Pacific Salmon Range Expansion in the 

Western Canadian Arctic1 

 

Introduction  

Accelerated rates of warming in Arctic regions have put circumpolar communities on the front 

lines of the climate crisis (Ford et al. 2014; Krupnik et al. 2010; NOAA 2017; Pearce et al. 2015). 

In the western Arctic in what is now called Canada, the cultural traditions and livelihoods of 

Inuvialuit are strongly linked to their terrestrial and marine ecosystems (Alunik et al. 2003). Over 

the last 150 years, Inuvialuit lifeways have faced repeated change with the arrival of whalers, 

traders, and missionaries, disease epidemics, and the institution of colonial policies and economies 

(Alunik et al. 2003; Usher 2002). 

Like many Arctic peoples, Inuvialuit communities now face rapid environmental shifts that are 

altering aquatic and terrestrial ecosystems and the distributions of species with cultural and 

subsistence importance (Ford et al. 2014; Krupnik et al. 2010; Pearce et al. 2015). The primary 

drivers of these changes include anthropogenic climate warming (IPCC 2019), sea ice loss 

(Krupnik et al. 2010), permafrost thaw (Lantz and Kokelj 2008), vegetation change (Chen et al. 

2021), and altered weather conditions (Bintanja and Andry 2017; Walsh et al. 2011). These 

environmental changes are also facilitating the range expansion of southern species into Arctic 

environments (NOAA 2017; Tape et al. 2016; Tape et al. 2018). These combined effects will have 

significant impacts on Inuvialuit lifeways (Alunik et al. 2003; IRC 2018). 

The northward expansion of Pacific salmon (Oncorhynchus spp.) into the Inuvialuit Settlement 

Region (ISR) (Figure 1) is an example of a change that is likely to affect subsistence fishing 

(Carothers et al. 2019; Dunmall et al. 2013; Dunmall et al. 2018). Inuvialuit harvesters are 

particularly concerned about the potential for salmon to prey on or outcompete subsistence fish, 

such as iqalukpik (Arctic char, Salvelinus alpinus) and anaakłiq (broad whitefish, Coregonus 

nasus) (Alunik et al. 2003; Krupnik et al. 2010; Pearce et al. 2015). The importance of these 

 

1 The research presented in this chapter was a collaboration with multiple parties including my supervisory 

committee, Tracey Proverbs, and the Hunters and Trappers Committees in Aklavik, Inuvik, Paulatuk, Sachs 

Harbour, Tuktoykatuk, and Ulukhaktok. 
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“country” foods goes far beyond subsistence. They are critical to individual and community health, 

well-being, and cultural identity (Alunik et al. 2003; Kuhnlein and Receveur 1996; Proverbs et al. 

2020). As such, the northward expansion of salmon is also likely to influence sociocultural and 

socioeconomic processes. To evaluate the risks and opportunities salmon pose to Arctic fish 

populations, and Inuvialuit communities, additional research on salmon abundance, spatial 

distribution, and habitat use is urgently needed. Detailed knowledge held by Inuvialuit fishers 

provides an important source of insight into these questions. In this research project we 

documented: 1) changes in the magnitude of salmon harvest over the last four decades, 2) co-

occurring changes in local fish populations attributed to increasing salmon, and 3) environmental 

factors influencing salmon range expansions. This work is part of the larger Arctic Salmon Project 

(ASP, Dunmall et al. 2018) the goal of which is to understand the changing harvest of salmon in 

Arctic Canada. This paper synthesizes Inuvialuit knowledge to provide historical context on the 

diversity and distribution of Pacific salmon in the nearshore and freshwater environments of the 

ISR. This in turn may inform management, mitigation, and policy that addresses species range 

shifts which may affect Inuvialuit cultural activities.  

 

Study Background  

This research project is based in the Inuvialuit Settlement Region (Figure 1). Historically, 

Inuvialuit moved throughout their territory to harvest qilalukkat (beluga), tuktuvialuit (caribou), 

omingmak (muskox), and diverse fishes, and gathered in large numbers for hunts and celebrations 

(Alunik et al. 2003).  Ancestors of the Inuvialuit have lived in this area for over a thousand years 

(Alunik et al. 2003) and access to cultural practices is an integral component of Inuvialuit identity 

and well-being (Alunik et al. 2003). There are three dialects of Inuvialuktun in the ISR: 

Sallirmiutun, Uummarmiutun, and Kangiryuarmiutun, and Inuvialuit share many cultural and 

relational ties to Inuit throughout the Arctic. 

As elsewhere throughout the Americas, Euro-American settlers brought colonial worldviews and 

practices to the ISR in the early 1800s. Exploitative trading operations were common, beginning 

with the harvest of bowhead whales in the late 1800s, then transitioning into the longer fur trade 
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era. These settler industries led to rapid socioeconomic change supported by anti-Indigenous racist 

policy (Cameron 2012).  

In 1984, the history and importance of Inuvialuit ties to the land were recognized by the Canadian 

government with the signing of the Inuvialuit Final Agreement (IFA) (Canada 1984). Among other 

things, the IFA established the legal methods by which Inuvialuit govern the Inuvialuit Settlement 

Region (ISR) under colonial law, and the organizations responsible for that governance. Some of 

these organizations include the Inuvialuit Game Council, the Fisheries Joint Management 

Committee (FJMC), and the Hunters and Trappers Committees (HTCs) in each community. These 

organizations work together, and with federal and territorial governments, to advise the relevant 

Ministers regarding marine and terrestrial management in the ISR, and to ensure that resource 

management mobilizes and relies on Inuvialuit worldviews and knowledge (Binder and Hanbridge 

1993). 

 

 

 

Figure 2.1. The left panel shows a map of the current and limited distribution of Pacific salmon (Oncorhynchus 

spp.). Distribution data adapted from Augerot and Foley 2005. The red box in the left panel is expanded on the 

right to show the locations of the six communities in the Inuvialuit Settlement Region. 
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The ISR has six permanent communities: Aklavik, Inuvik, Paulatuk, Sachs Harbour, Tuktoyaktuk, 

and Ulukhaktok. Locally, Aklavik, Inuvik, and Tuktoyaktuk are known as the Delta communities 

as they are located in or near the fresh or brackish water ecosystems of Mackenzie River delta and 

estuary. All three of these communities are located near the treeline ecotone where a warmer 

climate supports more productive woodland and tundra ecosystems (ECG 2009, 2012). Paulatuk, 

Sachs Harbour, and Ulukhaktok are known as the Outer communities. They are in the eastern ISR 

and experience a colder climate, are surrounded by less productive tundra ecosystems, and have 

reduced access to freshwater ecosystems (ECG 2013). The ecological differences between Delta 

and Outer regions of the ISR are reflected in the subsistence opportunities and preferences of each 

community. Detailed information on each community’s fishing activities, fish preferences, and 

unique management priorities can be found in their Community Conservation Plans (AHTC et al. 

2016; IHTC et al. 2016; OHTC et al. 2016; PHTC et al. 2016; SHHTC et al. 2016; THTC et al. 

2016). 

 

Author Positionality 

The authorship team is composed of both settler and Indigenous experts. Z.C., K.D., and T.L. are 

white, settler scholars and T.P. is a scholar of Kaska-Dena, European, and Bajan descent, all of 

whom live outside of the ISR. The community HTCs are composed of Inuvialuit harvesters elected 

by the community whose mandate includes engaging in “conservation, research, and management” 

in their regions of the ISR (Canada 1984, 30). Z.C., K.D., T.P., and T.L. have worked to temper 

their positionalities through self-reflection, ongoing development of relationships, continual 

reporting of results to communities, and earnestly seeking community feedback on their 

contributions.  

 

Methods 

This project was developed at the request of the Fisheries Joint Management Committee (FJMC) 

and Inuvialuit Game Council (IGC), and was completed through a partnership among the six 

Hunters and Trappers Committees (HTCs), University of Victoria researchers, and Fisheries and 

Oceans Canada. We followed a community-based participatory research methodology (CBPR, 
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Castleden et al. 2012) which increases the knowledge of all parties by equitably involving 

community members and organizations at all stages of the research process. Iterative stages of 

input from communities and the primary research team shape the methods, analysis, and 

interpretation of the research (Castleden et al. 2012). Our research demonstrated the tenets of 

CBPR by directly answering community questions, collaborating with community and regional 

management organizations, engaging community members at local dinners, reporting throughout 

the process, and community validation of results. 

Our interview questions explored temporal and spatial variation in the harvest of Pacific salmon, 

historical harvests of Arctic fish species, and the changes in the coastal and freshwater conditions 

that influence fish populations (Appendix 1). Questions that focused on changes in coastal and 

freshwater conditions varied among communities because of their different environments. 

Asking slightly different questions among communities positioned us to more accurately 

understand the changes being experienced by Inuvialuit fishers in different locations. The semi-

structured nature of the interviews provided participants the opportunity to direct the 

conversation, and participants each had the opportunity to review their transcript for 

inaccuracies. 

From September 2018 to September 2019, Z.C., T.P., and local interview technicians conducted 

eight to nine interviews in each Inuvialuit community (total of 53). Local interviewers were hired 

by the HTC and chose not to be identified in this publication. Interview participants were 

selected by the HTC based on their knowledge of local fisheries, environmental change, and the 

history of salmon harvest in the area. Participants were all Inuvialuit, and included men and 

women who ranged in age from approximately 30 to approximately 85. Each provided informed 

consent prior to participating in their interview following a protocol approved by the University 

of Victoria Human Ethics Research Board (application 19-0101). Participants indicated whether 

they wanted accreditation by name in this report. Many had lived their whole lives in the 

community in which we interviewed them, and some had moved between communities and 

spoke to historical harvests in multiple locations in different years. With one exception, all 

interviews were conducted in English. One elder chose to do their interview in 

Kangiryuarmiutun, so we hired a local translator to facilitate the interview and our interactions. 

While visiting communities we also hosted open houses where community members could come 
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to learn about this project and provide their input over a shared meal. These were advertised 

variously on community posting boards, local radio, and HTC Facebook pages. They ranged in 

attendance from approximately 15-30 fishers. While no formal data collection occurred in these 

settings, they provided visiting members of the research team with context of community 

perceptions of salmon and their implications. They also facilitated deeper relationships between 

visiting researchers and local fishers.  

Z.C. coded and analyzed interview transcripts with a combination of inductive and deductive 

approaches using NVivo software (Version 10). In the first round of deductive coding Z.C. 

reviewed the text of each interview to highlight themes that were identified as important by the 

IGC and FJMC, such as: 1) salmon, 2) local fish species, 3) environmental change, and 4) fishing 

experience. In further rounds of coding Z.C. refined these categories into codes designed to 

answer questions posed by the research team and partner organizations (stated in the 

introduction). Further rounds of coding followed an inductive, grounded theory approach. Three 

additional themes arose from the inductive approach: 1) Inuvialuit culture, 2) access to fishing, 

and 3) changes in local mammal populations. A total of 145 codes were nested within seven 

thematic categories (Appendix 2). The most common thematic category “salmon” focused on 

several dimensions of the salmon harvest such as: 1) the estimated catch over a fisher’s lifetime, 

2) the timing and location of catch, and 3) methods of salmon harvests. Other thematic categories 

included changes to local fish populations and changes to the local aquatic environments that 

may influence or be influenced by salmon presence.  

The identification of Pacific salmon to the level of species is a new skill for many Inuvialuit fishers. 

Even in locations where salmon have been caught for generations, identification skills are limited 

because historically harvests only included one species (chum salmon (Oncorhynchus keta)). To 

facilitate conversations about species identification we brought a species identification guide with 

images and descriptions of each species in both silver and spawning phases, and asked individuals 

to identify the salmon species they had caught. Despite the guide, many fishers remained unsure 

about species identification, especially if the fish they were trying to identify had been caught years 

or decades prior. While identification of salmon species proved challenging, fishers were 

unsurprisingly adept at distinguishing between salmon and local fish species. Throughout this 

paper, references to salmon (Oncorhynchus. spp) will therefore include all five species of Pacific 
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salmon in North America with an understanding that chum (O. keta) and pink (O. gorbuscha) are 

the most common in the ISR, followed by sockeye (O. nerka), then chinook (O. tshawytscha), and 

finally coho (O. kisutch) (Dunmall et al. 2018; Stephenson 2006).  

In this paper, we present the information from the interviews alongside harvest data from the 

Arctic Salmon Project (ASP). In the 1990s, Fisheries and Oceans Canada began tracking novel 

salmon occurrences throughout the Arctic when concerned fishers submitted these unknown fish 

for identification (Babaluk et al. 2000). Around the year 2000, the numbers of salmon being 

returned began to increase, which prompted a more concerted effort to collect salmon that would 

become the ASP. The ASP continues to rely on fishers who submit the entire body or the head of 

a salmon that they caught to their local management office. Fishers are compensated for their 

contribution with a gift-card for the local grocery store, and the salmon are sent to the ASP 

research team at Fisheries and Oceans Canada. Over the last two decades the ASP has received 

thousands of observations, monitoring relative salmon abundance across the Canadian Arctic. It 

is important to note that the voluntary nature of the fish collection means that the number of fish 

returned to the ASP does not precisely represent salmon abundance. However, in this study we 

combine information from interviews with fishers and the ASP data to better interpret real 

changes in salmon harvest. While common in other disciplines, methods such as ours are still 

emergent in fisheries science (Cooke et al. 2021). 

The following summarizes the contributions of each member of the authorship team to the 

research process. The FJMC conceived the idea. Z.C., K.D., and T.L. created the project plan 

which was then approved by the FJMC, Inuvialuit Game Council, and each HTC. The HTCs 

selected interview participants and hired a local interviewer. Z.C., T.P. and the local interviewers 

conducted the interviews. Z.C. analyzed the interview transcripts and drafted the results. HTCs 

validated the results, provided additional clarity and nuance to our interpretation, and indicated 

which findings were appropriate and important to include in this manuscript. Z.C. prepared the 

manuscript with input from K.D., T.P., and T.L. FJMC and HTCs reviewed the manuscript. K.D. 

and T.L. provided funding and supervised the project. Fishers and elders in each community 

contributed their knowledge, feedback, and direction at open-house community presentations and 

dinners. HTCs chose whether or not to be listed as co-authors.  
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Results 

The interviews we conducted indicate that prior to the 1990s, salmon catches were rare or unheard 

of in the Outer communities of Paulatuk, Sachs Harbour and Ulukhaktok, but had occurred 

infrequently in the Delta communities of Aklavik, Inuvik, and Tuktoyaktuk for at least the last two 

generations (Table 1). Our interviews also show that salmon harvest has increased in all 

communities within the last three decades. Of the 53 Inuvialuit fishers that we interviewed across 

the ISR, over 80% had personally caught salmon (Table 1). Among this group, more than 70% 

were confident that their parents or grandparents had never caught salmon. All of the fishers who 

confidently remember their elders catching salmon (approximately 25%) were from Delta 

communities.  

 

 

 

Of the 53 participants we spoke with, 25 said that in recent years the salmon harvest has been 

increasing, three said it was stable, and one said it was decreasing, while the other 24 expressed 

uncertainty about the trend. Participants explained that they were hesitant to describe the trends 

in salmon harvest in certain terms because of high inter-annual variability in salmon harvest, and 

their limited knowledge of salmon life history. Fishers told us that they wanted to learn more 

about salmon and indicated that they did not possess the knowledge of salmon habitat, diet, or 

life history that they did for other fishes. It is noteworthy that fishers felt more confident 

Table 2.1 Summary data showing whether participants’ elders had caught salmon, and if the 

participants themselves had caught salmon. In this context we define elders as parents, 

grandparents, or other community figures who passed important knowledge of fisheries to the 

interview participants. 

 Elders Caught Salmon Participants Caught Salmon 

Yes Maybe No Yes No 

Aklavik (n=10) 5 3 2 9 1 

Inuvik (n=9) 2 1 6 6 3 

Tuktoyaktuk (n=8) 2 1 5 8 0 

Sachs Harbour (n=8) 0 0 8 5 3 

Ulukhaktok (n=9) 0 1 8 9 0 

Paulatuk (n=9) 0 0 9 6 3 

Total (n=53) 9 6 38 43 10 
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discussing the population dynamics of important food species such as whitefish, Arctic and or 

Dolly Varden Char, and lake trout. 

The reports of salmon catches in our interviews showed that the salmon harvest has increased 

across the ISR, particularly over the last 30 years. This information supports interpreting the 

increase in returned salmon as an increase in harvested salmon (Figure 2). While there are 

differences among communities in timing and magnitude, an increase in salmon harvest was 

described in all six communities (Figures 2 and 3).  Note that we distinguish between salmon 

harvest and salmon abundance, as the number of salmon that people harvest does not accurately 

reflect the abundance of salmon in the ISR. The relationship between salmon harvest and 

abundance is outside the scope of this research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2. Number of participants across all six communities who recalled catching salmon in a given 

decade compared to the number of participants interviewed (n=53) that were fishing in that decade. The 

red triangles and red line show the number of salmon returned to the Arctic Salmon Project in the last two 

decades and are plotted on a second, log-scaled y axis. 
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Figure 2.3. Number of participants who recalled catching salmon in a given decade compared to the number of 

participants interviewed that were fishing in that decade. Each panel represents the participants from one Inuvialuit 

community. The red triangles and red line show the number of salmon returned to the Arctic Salmon Project in the 

last two decades and are plotted on the on the second y axis. 
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Delta Communities 

Interviews showed that fishers in the Delta communities (Aklavik, Tuktoyaktuk, and Inuvik) have 

been catching salmon longer than those in the Outer communities (Sachs Harbour, Ulukhaktok, 

and Paulatuk).  Participants from Aklavik made it clear that people in this community have been 

catching salmon for generations. Many older participants spoke of their parents or grandparents 

catching salmon regularly in the Mackenzie Delta. William Storr noted that “people used to catch 

a lot of salmon actually”. He suggested that salmon catches were larger in the past, had decreased 

in the interim, and were now increasing again. Descriptions of cyclical wildlife population 

abundances were common throughout the interviews, but this was the only mention of salmon 

abundance following a similar, multi-decadal cycle.  

All but one participant in Aklavik reported catching salmon themselves, and many indicated that 

they have been catching salmon since before they can remember. In some cases, fishers also made 

reference to specifically targeting salmon in their fishing activities. Explaining why she hadn’t 

caught salmon that year, Nellie Arey said it was because “we never fish[ed] where we used to fish 

for salmon”. Outside of Aklavik, none of the fishers we interviewed reported targeting salmon, 

and no one had experienced catching any for as long as they could remember.  

In Inuvik and Tuktoyaktuk only three participants in each community recalled their elders speaking 

of catching salmon. These participants remember their elders only ever catching a few, and these 

accounts do not date back as far as those from Aklavik. The earliest accounts of interviewees 

catching salmon in Tuktoyaktuk and Inuvik are from the late 1970s and early 1980s respectively. 

The participants who reported these catches both had elders who had caught salmon before them. 

In the last decade (2010-2019) all three communities in the Delta region have seen an increase in 

the number of harvesters catching salmon, and the number of fish returned to the Arctic Salmon 

Project (Figure 3A, 3B, 3C).  

 

Outer Communities 

In the Outer communities of Sachs Harbour, Ulukhaktok, and Paulatuk, no participants confidently 

remembered their elders ever catching salmon. In Sachs Harbour, Lena Wolki told us “We never 
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used to have salmon here.” Across all three communities the consensus was that semi-regular 

salmon harvest began between the late 1990s and early 2000s. Fishers in Ulukhaktok noted the 

possibility that sporadic salmon harvests may have begun as early as the 1970s, but did not identify 

a specific instance of salmon harvest occurring before the 1990s. In Sachs Harbour and Paulatuk, 

none of the participants knew of any salmon harvests by their elders or others in the community 

predating those described in our interviews. 

In Sachs Harbour, the earliest account we heard of salmon being caught was in the 1990s in the 

harbour in front of town. Another interview participant shared a second account of salmon harvest 

around this time, but after this event there were no accounts of salmon harvest until the mid 2000s. 

When asked if there were ever salmon before the 1990s, Joe Kudlak said “I don’t think so. Just the 

ones in a can!” In Ulukhaktok, the earliest primary record of salmon harvest occurred in the 1990s 

and was reported by a participant who was out fishing with his father, who had also never seen a 

salmon before. Since then, the number of people catching salmon, and the magnitude of the annual 

harvest have increased steadily (Figure 3E). In response to this change Isaac Inuktalik noted “you 

can’t stop the salmon from invading our island.” In Paulatuk, the earliest account of salmon harvest 

occurred in the early 2000s. Prior to this, none of the fishers we interviewed had primary or 

secondary knowledge of salmon harvest. When we asked Noel Green about the changes in salmon 

harvest he told us that salmon are “hanging around, or making their way up here slowly”. As with 

all of the other communities, the number of people catching salmon in Paulatuk and the number 

of salmon being harvested have increased since the 2000s (Figure 3F).  

The Nature of the Salmon Harvest 

The interview participants were clear that salmon harvest across the ISR is incidental and occurs 

during the harvest of primary subsistence fish including: Arctic char, Dolly Varden, whitefish, 

trout, and ciscoes. With the exception of two participants in Aklavik, we didn’t speak to anyone 

who intentionally targeted salmon. Fishers are catching salmon wherever they fish, but harvesters 

who fished with a gill-net during the period from August-October generally caught the most 

salmon.  

Across the entire ISR reports of salmon harvest occurred most frequently in nearshore marine 

waters, followed by rivers, then lakes (Table 2). Variation from this pattern in individual 
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communities was likely because salmon were most often harvested in the most popular fishing 

locations of each community. Participants in all six communities also reported that incidental 

salmon harvest is expanding geographically within their region, as people are regularly catching 

salmon in new locations. 

 

Table 2.2. Details of the salmon harvests described by Inuvialuit fishers in the six communities in the ISR.  

Individual interview participants were counted more than once if they caught salmon across multiple 

categories. 

 

Participants reported catching the most salmon during the open water period, between July and 

October. After freeze up, people continue to catch salmon, but less frequently, in fewer numbers, 

and exclusively in rivers and lakes. Some participants also noted that the dates of first and last 

catch every year were extending earlier and later respectively. Elders in Aklavik who had been 

catching salmon their whole life remember catching salmon in the narrow window of immediately 

before freeze-up, but not after. Interview participants made it clear that salmon harvest in the last 

two decades, has begun well before freeze-up, as early as July, and extends far into the winter 

months, typically as late as December.  

Across the ISR, interview participants reported catching salmon in their silver phase more 

frequently than in their spawning phase (Table 2). This was true in every community except for 

Sachs Harbour, where participants reported catching an even distribution of silver and spawning 

phases. When we asked about salmon health, most fishers indicated that fish generally seemed to 

  

** Location Method Colour Conditions Timing Use   

  Lake River Ocean Hook Net Red Silver Healthy Sick Open Ice 

Consump

tion 

Distributi

on ASP 

Aklavik (9) 0 8 1 0 9 4 7 8 1 8 2 5 3 2 

Inuvik (6)  1 5 3 0 6 3 5 4 2 6 0 3 0 3 

Tuktoyaktuk 

(8) 0 0 8 0 8 2 7 8 0 8 0 3 2 4 

Sachs 

Harbour (5) 2 1 5 0 5 3 3 5 1 5 0 5 2 2 

Ulukhaktok 

(9) 9 1 5 1 9 2 7 8 0 7 7 6 0 3 

Paulatuk (6) 1 4 2 1 6 2 4 5 2 4 2 1 0 5 

ISR (43) 13 19 24 2 43 16 33 38 6 38 11 23 19 7 
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be in good condition (Table 2), but frequently noted that they were not familiar with indicators of 

salmon health, like they were for culturally important food fish.  As a fisher in Paulatuk noted, “I 

wouldn’t know what healthy is for them”. 

Causes of Range Expansions 

Our interviews revealed a range of factors that may be driving shifts in salmon catches, but the 

majority of fishers pointed to changing climatic conditions as the root cause (Table 3). A Paulatuk 

harvester said “I think it's global warming. That's the big issue today and we're not blind to it up 

here, we're seeing it first hand.” Table 3 summarizes the effects of climate change that participants 

noted were affecting salmon ranges. Some participants also discussed additional, possibly 

compounding, factors influencing salmon harvests such as disturbances in salmon native ranges 

related to oil exploration in Alaska, earthquakes, or native stream destruction. 

Table 2.3. Potential causes of changing Pacific salmon harvest levels as described by Inuvialuit fishers. 

Indented causes were discussed as sub-categories of broad-scale climate change. The number of 

participants indicate how many people referred to each cause as a specific driver of change. 

 

Impacts of Increased Salmon 

All participants expressed concern about potential interactions between salmon and other fish 

species, but most of the fishers we spoke with told us that they did not know enough to describe 

the effects that salmon have on local fishes with certainty. Of the 53 people we interviewed, only 

five confidently described interactions between local fish species and salmon. All of these 

interactions were described as negative. Despite this uncertainty, or perhaps because of it, most 

Cause Number of participants (n = 53) 

Climate Change 45 

      Increased air temperature 13 

      Changing water levels (rivers) 9 

      Changing ice thickness, extent, and timing 6 

      Increased water temperature 5 

      Changing weather patterns 5 

      Permafrost thaw 4 

      Changing water quality 3 

Increased development 4 

A change in the earth’s axis 3 
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Inuvialuit fishers consider salmon an unwelcome addition to their waters. “I think they scare our 

char”, said Margaret Kanayok from Ulukhaktok. Many participants described the potential for 

negative competitive and predatory interactions between salmon and culturally important food fish 

such as Arctic char and broad whitefish. Several specific effects on local fish were noted and 

cautiously attributed to salmon. All communities except Sachs Harbour reported catching more 

local fish (non-salmon) with scars or open wounds. These wounds were thought to be inflicted by 

salmon, other fish, or mammals. All communities reported catching more fish with parasites and 

more fish with soft flesh. Both of these health concerns were linked to warming waters, and some 

participants hypothesized that salmon may be transporting parasites into Arctic waters. Even 

fishers in Aklavik, who have a long history of harvesting salmon, expressed concerns about the 

negative impacts of increasing salmon populations on other fish. Underlying this view was a 

concern that even if salmon do not have direct negative impacts on local fish populations, salmon 

are responding to broad-scale changes (Table 3), which will have negative impacts on local fish 

populations.  

Table 2.4. Changes to local fish harvests described in the interviews. We included effects and causes for a 

given community if consensus within that community was either high or moderate. High => 2/3 of 

participants, Moderate => 1/3 of participants, Low <= 1/3 of participants. * Asterisks denote changes that 

may be directly influenced by salmon according to our interviews. 

Community 

Affected 
Change 

Potential Causes cited in 

interviews 
Consensus 

All Increased variability of fish harvest composition and 

yield, and a decreasing trend in harvest yield 

Changes in local fish 

populations and increase in 

adverse weather conditions 

High 

All Increase in the variability of population 

demographics (e.g., size), and migration timing 

Climate change High 

All * Increase in the number of fish with parasites Warming waters, and 

salmon may be acting as 

vectors for parasites 

Moderate 

All Increase in fish with soft flesh Warmer waters High 

All * Increase in fish with wounds Predation by marine 

mammals or other fish, 

including salmon 

Moderate 

Tuktoyaktuk 

and Aklavik 

Decrease in the herring harvest. Arctic cisco 

(Coregonus autumnalis) and Pacific herring (Clupea 

Pallasii) are both called herring in these 

communities 

Climate change High 

Paulatuk * Change in Arctic char flesh colour, from bright 

orange to pale or white 

Increase in salmon, and/or 

climate change 

High 
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Sociocultural Changes 

Many participants expressed concerns about the impact of salmon and climate change on the 

cultural practice of fishing. In Inuvik we spoke with Doug Esagok about the inter-generational 

knowledge of fishing practices and he told us that what some fishers “learned growing up we can’t 

even apply it today because it’s so different. It’s just like we don’t live in the same place anymore.” 

This concern was also linked with the importance of fish for health and well-being. In Tuktoyaktuk 

a harvester told us “it’s very concerning because most everybody in Tuk likes to fish. They depend 

on the whitefish.” Similar concerns were widespread, but many fishers also described their 

responses to ongoing changes. John Sam Green in Paulatuk noted that “You learn to adapt; you 

learn to find new ways.” This resilience manifested in conversations about both individual and 

community adaptations to change and highlighted that local and traditional knowledges are not 

static. People are now fishing in different areas, at different times, and with different techniques 

in order to practice Inuvialuit culture and to supply families and communities with appropriate 

food.  

People are also adapting to the presence of salmon. While salmon are ubiquitously considered a 

threat, many people will still eat them. Of the 43 participants who had personally caught salmon, 

23 ate these fish, 19 returned them to the Arctic Salmon Project (ASP), and seven distributed the 

salmon throughout the community for others to eat (Table 2). Paulatuk was unique in their use of 

salmon as we only heard one account of someone eating the fish; everyone else returned their 

salmon to the ASP. The high rates of salmon return to the ASP reflect a heightened concern in 

Paulatuk regarding salmon. As one participant explained, everyone is returning their salmon to the 

ASP “not because of the benefits monetarily but trying to understand why they [salmon] are 

coming into our area.”  

Sachs 

Harbour 

* Lasting declines in Arctic char harvest Increase in salmon and 

decrease in Arctic char 

population 

High 

Sachs 

Harbour and 

Ulukhaktok 

The presence of a new species, Saffron cod 

(Eleginus gracilis), in low numbers 

Climate change Moderate 
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Discussion 

Widespread reports of increasing salmon harvest in areas of the western Arctic where there is no 

precedent of these species provide additional evidence that regional changes in climate are 

associated with the northward range expansion of Pacific salmon (Babaluk et al. 2000; Carothers 

et al. 2019; Dunmall et al. 2018; Farley et al. 2020; Nielsen et al. 2020; Yoon et al. 2015). In our 

interviews, 85% of participants cited the effects of climate change as the main drivers of the 

increase in Pacific salmon harvest. Increasing sea surface temperatures, decreasing sea ice 

duration, extent, and thickness, and increased marine productivity (Gibson et al. 2020; IPCC 2019; 

Niemi et al. 2020) may be contributing to increased salmon abundance by ameliorating the 

environmental conditions in the Arctic Ocean for salmon survival. Oceanographic changes could 

also be affecting salmon abundance through an altered seasonal cycle (Carton et al. 2015) and 

changing ocean currents (Niemi et al. 2020). Additionally, these oceanographic factors could be 

Figure 2.4 Photos of salmon in the ISR. A) A chum salmon drying next to broad whitefish in 

Tuktoyaktuk (Photo: Zander Chila); B) A sockeye salmon harvested in the same net as Arctic char and 

broad whitefish from the Hornaday River in November (Photo: Steve Illasiak); C) A fisher preparing 

salmon for drying at Shingle Point (Photo: Collin Gallagher); D) A chum salmon compared to a lake 

trout caught near Paulatuk in December (Photo: John Sam Green). 
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contributing to changes in salmon harvest such as fishers catching salmon later in the fall and 

winter. The observations from our interviews are also consistent with projections of a northward 

range shift based on bioenergetic and life history models for chum and pink salmon (Farley et al. 

2020; Yoon et al. 2015).  

Our interviews, combined with historical records of harvest and unpublished Arctic Salmon 

Project data, indicate that the range margin of Pacific salmon now extends further north than 

widely recognized in the literature (Figure 1) (Abdul-Aziz et al. 2011). Fishers in Aklavik have 

been catching salmon for generations; in 1979 the community recorded a harvest of 11,547 chum 

salmon (Stephenson 2006). There is at least one genetic population of chum salmon natal to the 

Mackenzie River drainage (Coad et al. 2018; Dunmall 2018; Irvine et al. 2009), and it is likely 

that Aklavik’s historic harvests of chum salmon originated from this population (Stephenson 

2006). It is possible that semi-regular salmon harvests in the Outer communities began earlier 

than the reports from our interviews, but we consider this unlikely. Participants from these 

communities noted that their elders had never caught salmon, nor did they mention their elders 

regularly catching other novel fish. While fishers may not have known what salmon were if they 

caught them, they would certainly have known that they were unusual. Given the nature of our 

interviews and expertise of the participants, we can assume that a semi-regular harvest of 

unusual fish would have been reported.  

The voluntary nature of the Arctic Salmon Project data collection limits the interpretation of its 

data, however our interviews indicate that the increase in salmon being returned to the Arctic 

Salmon Program represent real increases in salmon harvest in the ISR. We asked fishers who had 

caught salmon about the changes they have experiences to their salmon harvests, and how they 

use the salmon that they catch. Many may not return these fish to the Arctic Salmon Program, 

but they indicated that the reports of increasing returns to the ASP reflect a real increase in 

salmon harvest. No fishers told us that those returns were a false representation of the number of 

salmon being harvested at any time. In fact, fishers often told us that the number of salmon being 

reported was an underestimation of the salmon being harvested in each community.  

According to Aklavik fishers and the published literature, the salmon harvest has always been 

subject to high inter-annual variation (Stephenson 2006). This variation is also evident in the 
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salmon harvests that have emerged in Sachs Harbour, Ulukhaktok, and Paulatuk in recent decades 

(Dunmall et al. 2018). Fishers mentioned that the inter-annual variation in salmon harvest is driven 

by both fishing conditions and salmon abundance. In other words, a large annual salmon harvest 

can only occur if the fishing conditions are suitable and the salmon are present. The differences in 

salmon harvest across communities are also driven by diverging local fishing practices. This 

suggests that historical harvest and knowledge of salmon is related to historical fishing conditions, 

salmon abundance, and local fishing practices. A complete investigation into how these factors 

have influenced local knowledges of salmon throughout the ISR is beyond the scope of our 

regional study but could be an interesting avenue for future research as it would better 

contextualize our understanding of historical salmon occurrences in the Arctic.  

While early increases in salmon harvest in the ISR mirror increases throughout the North Pacific, 

more recent changes indicate that these systems may be diverging. The increasing harvest of 

salmon across the ISR in the mid-90s corresponds to a period of high abundance of salmon in the 

North Pacific and an above average salmon harvest in Iñupiat communities on the North Slope of 

Alaska (Carothers et al. 2019; Ruggerone and Irvine 2018). Within the last decade, however, the 

abundance of salmon in the North Pacific has declined (Mueter et al. 2002; Ruggerone and Irvine 

2018; Welch et al. 1998), but catches on Alaska’s North Slope and in Arctic Canada have remained 

high, or increased (Carothers et al. 2019). Iñupiat communities on the Alaska North Slope 

(Carothers et al. 2019), communities along the Mackenzie River (Dunmall et al. 2018), and Inuit 

communities throughout Nunavut (Bilous and Dunmall 2020; ASP unpublished data) are 

experiencing increasing salmon harvest levels and are concerned about the impacts of these 

changes. Research on barriers and opportunities for salmon colonizing the Arctic has not been 

extensive (Dunmall et al. 2016; Nielsen et al. 2013; Salonius 1973; Yoon et al. 2015), but the 

consensus is that salmon abundance in the Arctic will likely increase (Connors et al. 2020; Farley 

et al. 2020; Yoon et al. 2015).  

Inuvialuit fishers do not welcome increasing salmon harvests because of their potentially negative 

impacts on culturally important fisheries. These concerns, and a lack of data on interactions among 

species, highlight the urgent need for more research. At present the ecological relationships 

between Pacific salmon and each of Arctic char (Salvelinus alpinus), Dolly Varden (Salvelinus 

malma), and broad whitefish (Coregonus nasus) remain understudied. Interview participants made 
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it clear that these species are occupying the same physical spaces, but little is known about the diet 

of salmon in the Arctic, or its overlap with the diet of Arctic fishes. Salmon diet likely varies across 

functional morphology, physiology, and environment (Auburn and Ignell 2000; Kaeriyama et al. 

2004; Qin and Kaeriyama 2016; Tadokoro et al. 1996) therefore data from other regions cannot 

be used to infer competitive potential. The plasticity of Arctic char diets has facilitated their 

coexistence with some competitive species (Eloranta et al. 2011; Morrissey‐McCaffrey et al. 

2018), but studies in other regions suggest that new competitive interactions mediated by climate 

change will reduce habitat for Arctic char (Hein et al. 2012). The change in colour of Arctic char 

flesh described in Paulatuk, and lasting declines of Arctic char in Sachs Harbour may indicate that 

changes to local fish populations have already begun (Table 4). 

Comparable research on the responses of Dolly Varden and broad whitefish to climate change is 

more limited and also highlights the need for further study. In some regions, salmon-derived 

nutrients have been shown to increase the fitness of stream-resident fishes (Bilby et al. 1995; 

Denton et al. 2009; Jaecks and Quinn 2014; Wipfli et al. 2003), providing up to 80% of the 

nutrients for some populations of Dolly Varden (Jaecks and Quinn 2014). Both Dolly Varden 

and Arctic char have been shown to benefit from salmon-derived nutrients, but it is unclear if 

broad whitefish may also benefit in this way. Additionally, the benefits of salmon to other fishes 

are mediated by genetics and environment (Denton et al. 2010), and it is unclear if these 

interactions would be similar in the ISR. Stable isotope analyses investigating the use of salmon 

nutrient subsidies and potential dietary competition between salmon and Arctic fishes will be 

critical to advance our understanding climate change impacts on species assemblages in the ISR 

(Bilby et al. 1995; Denton et al. 2009; Jaecks and Quinn 2014; Wipfli et al. 2003). Given the 

importance of local fisheries, this research will be critical for developing a management strategy 

for salmon in the Arctic that accounts for the potential impacts of salmon on Inuvialuit fishing 

practices and culture. 

Our interviews did not directly address the socio-cultural changes related to pacific salmon, but 

they indicated the complexity of the changes in fish communities and that those changes will 

impact social-ecological systems. Future research in this area is critical. Some fishers were not 

sure if salmon have direct effects on important fish species but noted that salmon are an indicator 

of other changes (Tables 3 and 4) with potential negative impacts on local fish. Every participant 
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with whom we spoke highlighted the threat these changes pose to important fish species. John 

Keogak from Sachs Harbour said there is “nothing better to do than fish.” Remarks such as this 

were common throughout the interviews and reflect the significance of fishing as an activity. The 

effects of environmental change on Inuvialuit food systems also have the potential to influence 

sociocultural practices, health, and well-being (Alunik et al. 2003; Cunsolo Willox et al. 2014; 

ICC 2020; Proverbs et. al. 2020). Access to country foods, such as fish, provides numerous 

benefits and their “intangible cultural relevance is incalculable” (ICC 2020 p.22). People are 

more food secure, are happier, and have stronger senses of identity and community when they 

eat culturally appropriate foods and participate in the practices of harvesting those foods 

(Cunsolo Willox et al. 2014; ICC 2020; Searles 2009). In five of the six communities we spoke 

with fishers who really enjoy eating salmon, but could not separate their enjoyment of the fish 

from their concerns about its potential ecological impacts. Speaking to this, a participant in Sachs 

Harbour noted that “it was really something to catch a salmon, really everybody’s happy to get a 

couple of salmon…but now get this damn thing out of here!” By affecting Arctic fish 

populations, salmon have the potential to interfere with important cultural relationships.  

Despite the impacts of climate change and salmon on Arctic fish, many harvesters we spoke with 

expressed optimism about the future of Inuvialuit fisheries. The ways that salmon will shape the 

future of Inuvialuit fishing practices remain unclear, but participants stressed their ability to 

adapt. Joseph Carpenter in Sachs Harbour said “We can't really do anything here about it, so the 

trick is to adapt to it. And people are doing that.” Harvesters told us that they will continue to eat 

the salmon so long as it’s healthy, but often noted that they did not know how best to prepare 

salmon and were curious to learn new ways. In response, the Arctic Salmon Project created an 

Arctic Salmon cookbook (DFO 2020) with the hopes that this might contribute to adaptive 

efforts. Future research should prioritize engaging Inuvialuit fishers to develop strategies for 

mitigating and adapting to these changes.  

We relied on the interconnectedness of social-ecological systems to design this research, use 

interviews with fishers to validate the interpretation of Arctic Salmon data, and expand our 

knowledge of salmon in Arctic regions. This practice is common in the field of ethnoecology, 

but its application is still emerging in fisheries contexts (Cooke et al. 2021). Other recent studies 

point to local and/or Indigenous knowledge being used to develop and validate species 
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distribution models (Lima et al. 2017; Lopez et al. 2018), and to perform broad ecosystem 

assessments (Rosellon-Druker et al. 2019). The methods we present here could be adapted for 

research on other species or regions and contribute to a better understanding of ecological 

systems and their social dimensions. Given the uncertainty regarding the effects of climate 

change and salmon, efforts to understand the social dimensions of change and support adaptive 

fishing practices are crucial. Given the potential impacts to Inuvialuit livelihoods, these efforts 

must be informed by, and center on, Inuvialuit perspectives and values.  
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Appendix A  

Interview questions investigating changes in environmental conditions, Pacific salmon harvest, 

and local fish species. 

Environmental Conditions Questions  

- What is your name, age, and where do you live? 

- Do you travel on the water regularly? 

o If so, how many days a week/month?  

o Do you travel on rivers or on the ocean or both? 

o Where do you usually travel? Can you show me on a map? (or google earth) 

- Are the rivers or the coastal environment where you usually travel the same or different 

than 10/20/30/40 years ago? 

o If different, what has changed? 

o If different, when did you notice these changes? (years/time of year/season). 

▪ Sometimes it can help to use other points of reference here (age of kids 

/grandkids at the time / boat + outboard operated at that time. 

o Can you show me on a map any locations that have changed? 

- Are there any environmental changes you have noticed that you think are affecting rivers, 

lakes, or the ocean near the coast?  

o If so, what changes have you observed? 

o If so, when did you notice these changes? (years/time of year/seasons). 

o Can you show me on a map where you have noticed these changes? 

- Are there any changes to the rivers/lakes/coast where you travel that have affected 

where/how you can travel? 

o If so, what changes have you observed? 

o If so, are there any areas that you can’t travel anymore that you used to be able to? 

o If so, when did you notice these changes? (years/time of year/seasons). 

o Can you show me on a map these locations? 

- Have you noticed any changes in the water levels of the rivers and lakes you travel on? 

o If so, what changes have you observed? 

o If so, when did you notice these changes? (years/time of year/seasons). 

o Can you show me on a map where you have noticed these changes? 

- Have you noticed any changes to rivers, lakes, or coastal areas like sand bars, erosion, 

changes to cut banks, water quality, vegetation, water flow? 

o If so, what have you noticed? 

o If so, when did you notice these changes? (years/time of year/seasons). 

o Can you show me on a map where you have seen these changes? 
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- Throughout your life, would rivers, lakes, or coastal areas (water levels, colour, sand 

bars) often or sometimes change?  

o Or, are any changes you have noticed unlike conditions you have seen before (i.e. 

unprecedented)? 

- If you have noticed any changes in the rivers, lakes, or coastal areas, how do you feel 

about these changes? (concerned/surprised/unconcerned/welcoming/etc.). 

- If you have noticed changes in rivers, lakes, or coastal areas, are the changes affecting 

your access to fish camps and other fishing locations? 

o If so, can you show me these locations on a map? 

- If you have noticed changes in rivers, lakes, or coastal areas are these changes affecting 

any fish you harvest? 

o If so, which species? 

o Can you show us on a map locations where you’ve caught species that are 

impacted? 

- If you have noticed any changes in rivers, lakes, or coastal areas why do you think these 

changes may be happening? 

- How do you think that rivers, lakes, and coastal areas in the ISR should be cared for in 

the future? 

- Over the time that you’ve been fishing, have environmental conditions changed? 

o Have you noticed changes to the water, ice, or bottom habitats? 

▪ Timing of Ice on, ice off 

▪ Amount and timing of snow 

▪ Overflow, winter stream flow – location and timing?  

▪ Water temperature 

▪ Turbidity (timing, duration, location) 

▪ Ocean conditions (e.g., waves) 

o Have you noticed changes to the weather? 

▪ Types and/or frequency of weather events (e.g., high winds, storms) 

▪ Wind (timing of shifts in wind direction?)  

▪ Air temperature 

- Have you observed connections between changes in the environment and the types of fish 

and prey that you see? 

o E.g., do the fish or prey communities change depending on prevailing winds or 

ice conditions? 

o Any examples of strange weather and fish/prey/predator catches or behaviour 

occurring at the same time? Anything you remember hearing from your 

parents/grandparents? 

Salmon Interview Questions 

- Do you fish in the ISR? 

o If so, how many times per week/month? 
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o Do you fish in the rivers or in the coastal environment? 

o Can you show us on a map where you fish? (You do not have to). 

- Did you grow up fishing? How old were you when you learned how? 

- When you go fishing, do you catch salmon? 

o If so, do you know what kinds of salmon you catch? Has this changed through 

your lifetime? When did this change occur?  

▪ Sometimes it can help to use other points of reference here (age of kids 

/grandkids at the time / boat + outboard operated at that time). 

o If so, when have you caught salmon before? (year/season) 

o If so, would you use them in the past? How? 

o Would you use them if you catch them now/in the future? How? 

o If not, do you know what you could use them for?  

o Can you show us on a map where you have caught them? 

o What is the body condition of the salmon you caught?  

▪ Are they silver or colourful?  

▪ Were the salmon ready to spawn?  

▪ Are the eggs ripe – if you run your fingers along their belies do egg come 

out 

o Did your parents or grand-parents talk about catching salmon? How often and 

when?  

- Have you noticed a change in the amount of salmon you catch when you fish? 

o If so, when did you notice this change? (what boat were you using, what year) 

o If so, how many salmon did you catch in a week/month of fishing before you 

noticed this change? How many salmon per week/month would you catch after 

you noticed this change? 

- What time of year/season do you start catching salmon in your net?  

o How long after break up?  

o Has this gotten later, earlier, or unchanged? 

o Can you show me on a map where you were fishing when you first observed 

salmon or caught them in your net? 

- Have your fishing practices changed through time? i.e. harvest locations, mesh size, using 

gillnets or jiggling or other methods 

o If so, what year did these changes occur? Or how old were you? [See previous 

reference points] 

- When you catch salmon, do you catch any other fish in the net?  

o If so, what kinds of fish do you catch with salmon?  

▪ Consult salmon booklets so participants can visualize the different types 

o If so, how many salmon do you catch in a net and how many other species of fish 

do you catch in the net? i.e. for every salmon, how many other fish are there in the 

net? 

- When you catch salmon, do you see signs that they are eating or not? I.e. full stomachs, 

do they look like they’re eating, are they in places where other fish are eating?  
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- Do you catch salmon when fishing on rivers, lakes, or the ocean? 

o Can you show us these locations on a map? (it is ok if they don’t want to 

disclose). 

- What equipment do you catch salmon with? i.e. gill net, hook, line, etc.  

- Do you catch salmon on windy or calm days or both? Do you know what direction the 

wind usually is when you catch salmon? 

- Does the amount of rain change the chances of catching salmon? 

- Do you catch salmon when you fish under the ice? In rivers, lakes or on the ocean? 

Nearshore or away from shore? 

Native Fish Questions 

- What kinds of fish do you normally catch in your subsistence fishing activities? 

- Have you noticed changes in the amount of fish that you catch or see? 

o If so, are some kinds of fish increasing, while others are decreasing in abundance? 

o When did these changes happen? 

- Have you noticed changes in the types of species that you catch or see? 

o How has the fish community changed? 

o When did these changes happen? 

o Do you see the same species each year, or do the types of species you see vary by 

year? 

- Have you noticed changes in the types of prey that fish are eating? 

o How has the prey community changed? 

o When did these changes happen? 

o Do you see the same prey each year, or does the types of prey you see vary by 

year? 

- Have you noticed changes in the types of prey that marine mammals are eating? 

o What kinds of marine mammals are showing these changes in diet? (e.g, seal, 

whale) 

o How has the diet changed for these marine mammals? 

o When did these changes happen? 

o Do you see the same prey each year, or does the types of prey you see vary by 

year? 

- Is there anything else you think we should know or that you’d like to tell us, or other 

important locations we should note on the map? 
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Appendix B  

 

 

 

Table 2.5 Codes used for thematic interview analysis. Thematic categories are bolded and indentation 

reflects the structure of codes and subcodes. 
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Chapter 3 – Quantifying the Effects of Weather on Access to Fishing in Inuvialuit 

Communities2 

 

Introduction 

Across Inuit Nunangat, productive fisheries are integral to food sovereignty, culture, and well-

being (Alunik et al. 2003; ICC 2020; ITK 2014). Fishing supports a suite of cultural traditions; 

increasing peoples’ time spent on the land, sustaining relationships among generations of fishers, 

and maintaining important relationships between people and their homeland (ICC 2020; ITK 

2014; Heredia Vazquez 2019; Todd 2016). Inuit report being happier and having a stronger sense 

of identity and community when in good relationship with their lands and fishing practices 

(Cunsolo Willox et al. 2015; ICC 2020; Searles 2009). Fishing also supports food security, 

providing essential nutrition in communities where food prices are more than twice those in 

major Canadian cities (Alunik et al. 2003, Kenny et al. 2018; Kuhnlein and Receveur 2007; 

Wesche and Chan 2010). Maintaining the complex social-ecological relationships between Inuit 

and their lands, including fisheries, is also a central goal of local, national, and international Inuit 

organizations (ICC 2020; IJS n.d.; ITK 2019a). 

Despite significant adaptive capacity in northern communities, global climate change threatens 

local fisheries in several ways (FAO 2018; Ford & Pearce 2010; ICC 2020; IPCC 2019). 

Warming temperatures, ocean acidification, altered fish distributions, and new biotic interactions 

are affecting the physiology, phenology, and productivity of fish populations (Brander 2007; 

Cheung et al. 2009; FAO 2018; Fossheim et al. 2015; Lynch et al. 2016; Pankhurst and Munday 

2011; Sheridan and Bickford 2011). These effects may influence the abundance of culturally 

important fish (Campana et al. 2020; Cheung et al. 2009; Fossheim et al. 2015) and facilitate 

new biotic interactions that could be detrimental to culturally important fish populations (Cheung 

et al. 2009; Fossheim et al. 2015; Pecl et al. 2017). As new communities of fish assemble, their 

suitability for human consumption will likely be influenced by environmental changes such as 

altered prevalence of toxic plankton blooms, parasites, or contaminants (Chiaramonte et al. 

 

2 The research presented in this chapter was a collaboration with multiple parties including my supervisory 

committee, Colin Gallagher, and the Hunters and Trappers Committees in Aklavik, Inuvik, Paulatuk, Sachs 

Harbour, Tuktoykatuk, and Ulukhaktok. 
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2016; Coleman et al. 2018; Marques et al. 2010). Arctic fisheries are of special concern because 

the circumpolar rate of climate warming is more than twice the global average (Ford et al. 2013; 

Ford & Pearce 2010; ICC 2020; IPCC 2019; Niemi et al. 2019). The Arctic also faces unique 

climate impacts such as decreases in sea ice, and related increases in shipping, opportunity for 

commercial fishing, and resource development (Ford & Pearce 2010; Hansen et al. 2013; ICC 

2020; Niemi et al. 2019). Together, these cumulative changes stand to affect the distribution and 

abundance of Arctic fishes and their availability to Inuit communities (Ford & Pearce 2010; 

IPCC 2019; Niemi et al. 2019). 

Climate change is also affecting harvester access to fish, and thus reducing annual harvests 

(Brinkman et al. 2016; Hansen et al. 2013; Johnson et al. 2016; Proverbs et al. 2020). In their 

work with four communities in Alaska, Brinkman et al. (2016) found that concerns regarding 

access to resources were more common than concerns about resource abundance or distribution. 

Physical access to fish in the Arctic is being altered by changes such as decreased sea-ice extent 

and thickness, altered weather patterns, and thawing permafrost (Bintanja & Andry 2017; 

Krupnik et al. 2010; Lantz and Kokelj 2008; Walsh et al. 2011). Ribot and Peluso (2003, 153) 

define access as “the ability to derive benefits from things”. Access can be mediated through 

social processes or relationships such as identity, authority, labour, or markets (Appadurai 1986; 

Berry 1989; Blaikie 1985; Moore 1986; Ribot & Peluso 2003). Access can also be gained 

through capital, knowledge, or technology (Ribot & Peluso 2003; Ribot 1998; Brinkman 2016; 

Proverbs et al. 2020). An individual’s access to fish is thus enabled or constrained by these 

“means, relations, and processes” (Ribot & Peluso 2003, 153) as well as their physical access to 

fishing activities. 

In this study we investigate physical access to subsistence fishing in the Inuvialuit Settlement 

Region (ISR). This project was developed in response to observations made by Inuvialuit fishers 

that colder, wetter, and windier weather is reducing the number of good fishing days in the 

summer and affecting people’s access to fish (described in detail in Chapter 2). Margaret 

Kanayok from Ulukhaktok, NT put it succinctly by stating that: “If the weather don’t cooperate 

[…] we can’t do any fishing”. Our objective was to assess weather impacts on access to 

nearshore, coastal fishing during the ice-free season through the creation and use of a fishing 

index. We then sought to use this index to assess change in access to fishing over the last 40 

years. Total harvest and catch-effort are inextricably linked to the ability to set nets to catch fish. 
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These are important metrics used in assessment and co-management of fisheries and are 

influenced by environmental factors such as weather. Using a combination of Inuvialuit 

knowledge and archived weather data to investigate the role of the environment on access to 

fishing is a novel approach for the western Canadian Arctic and will inform co-management and 

improve dialogue among stakeholders. It will also help predict how climate change may affect 

the frequency of days with favourable weather conditions required for Arctic coastal fisheries by 

Inuvialuit. 

Study Area 

The Inuvialuit homeland lies along the lower reaches of the Mackenzie Delta and coastlines of 

the Beaufort Sea and Amundsen Gulf (Alunik et al. 2003). Inuvialuit culture, language, and 

livelihoods are linked to these lands and waters through relationships with qilalukkat (beluga, 

Delphinapterus leucas), tuktuvialuit (caribou, Rangifer tarandus granti), and omingmak 

(muskox, Ovibos moschatus) (Alunik et al. 2003; Freeman et al. 2003; Lyons 2009). Examples 

of important fish species include iqalukpik (Arctic char, Salvelinus alpinus), anaakłiq (broad 

whitefish, Coregonus nasus), and singayuriaq (lake trout, Salvelinus namaycush) (IJS 2003). 

Seasonal movement allowed Inuvialuit family groups to follow the migrations of key species, 

and in the winter, families would gather in larger community groups for hunts and celebrations 

(Alunik et al. 2003). Modern Inuvialuit maintain vital relationships with these culturally 

important species by harvesting in all seasons and working with a range of organizations to guide 

the co-management of their territory for future generations (Alunik et al. 2003; Ford & Pearce 

2010).  

Climate change is only the latest disturbance to Inuvialuit livelihoods and cultural traditions, in a 

history of disruption stretching over more than a century (Alunik et al. 2003; Lyons 2009; Whyte 

2017). Beginning in the late-1800s, Euro-Americans and their alien worldviews initiated the 

rapid growth of exploitative economies, first focused on whaling, transitioning to the fur-trade 

era, then to recent oil and gas exploration (Alunik et al. 2003; Freeman et al. 2003; Lyons 2009; 

Usher 1971). The early industries caused environmental degradation (Alunik et al. 2003; 

Freeman et al. 2003; Usher 1971) and introduced diseases including measles, influenza, and 

syphilis, causing mortality rates of up to 90% (McGee and Laverie 1974). The inter-generational 

trauma of colonialism, notably the residential school system, and racist anti-Indigenous policies 
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still in effect, continue to influence life in communities (Indian Act 1985; Kral 2016; TRCC 

2015). These policies have contributed to poverty, inter-generational separation, and knowledge 

degradation in communities throughout the Arctic, which in turn has eroded social processes 

through which people may gain access to fish (Cameron 2012). While our analysis is focused on 

the climate-drivers of access to fish, it is also important that our research is informed by the 

broader range of processes influencing access. 

In 1984, Inuvialuit signed the Inuvialuit Final Agreement (IFA) (Canada 1984), delineating the 

435,000 km2 of the Inuvialuit Settlement Region, and establishing mechanisms for Inuvialuit co-

management of land and resources. The IFA was the first modern land claim in northern Canada 

and provides a framework for furthering Inuvialuit self-governance and independent 

participation in Canada’s economy (Alunik et al. 2003; Lyons 2009). There are six communities 

in the ISR: Aklavik, Inuvik, Paulatuk, Sachs Harbour, Tuktoyaktuk, and Ulukhaktok (Figure 1). 

Paulatuk, Sachs Harbour, Tuktoyaktuk, and Ulukhaktok are located on the coast of the Arctic 

Ocean, while Aklavik and Inuvik are located in the Mackenzie River Delta. All coastal 

communities fish in the harbours directly in front of town, and many families have nearby camps 

where they spend extended periods fishing during the summer. Fishers from Aklavik and Inuvik 

utilize lakes and the Mackenzie River and to travel to locations such as Shingle Point and East 

Whitefish (Figure 3.1) to engage in marine fishing. Coastal and freshwater fisheries are an 

Figure 3.1 Map of the six communities (circles) and two important marine fishing locations (triangles) 

in the Inuvialuit Settlement Region. The white box in the inset map (upper left) shows the location on 

main map within Canada. 
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important component of the mixed-economy in each community (Usher 2000), but in this 

analysis we focus on coastal fisheries. 

 

Methods  

In this study we combined semi-structured interviews and structured questionnaires to guide the 

development of an index that characterizes the influence of weather on access to fishing. We 

then calculated the values of this index using reanalysis and observational weather data. Climate 

reanalysis is a form of synthetic climate data that interpolates available historical data from 

weather stations to estimate historical climate conditions where data from weather stations is 

unavailable. It interpolates this data through space, and is available as a gridded dataset. 

Reanalysis is the most suitable data for this analysis because historical climate data in the 

Beaufort Delta Region has many missing values (Lawrence et al. 2019). There are many 

reanalysis products available, we chose to use the ERA-5 climate reanalysis product as it is the 

most accurate reanalysis product representing observed weather conditions (Graham et al. 2019; 

Jakobson et al. 2012; Lindsay et al. 2014). Given its synthetic nature, reanalysis is prone to bias 

so we investigated the relationship between ERA-5 climate reanalysis data and Environment and 

Climate Change Canada (ECCC) data to account for and minimize the influence of these biases 

(Staffell & Pfenninger 2016; Terink et al. 2010). Finally, to assess the accuracy of the IFO, we 

compared its predictions to the daily fishing conditions reported by community-based monitors 

in an Arctic char fishery monitoring program (2014-2020) located near Paulatuk, NT (Gallagher 

et al. 2017).  

Interviews 

Throughout 2019, we visited each Inuvialuit community to conduct semi-structured interviews 

on changing fish distributions and associated environmental changes. The detailed methods and 

findings of these interviews can be found in Chapter 2 of this thesis and followed an ethics 

protocol approved by HTCs and the University of Victoria Human Ethics Research Board 

(project number 19-0101). In these interviews we asked fishers to describe recent environmental 

changes that were related to their fishing practices. One of the major changes noted by 

participants was shifts in access to fishing caused by less favourable weather conditions. Across 
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all six communities, wind speed, wind direction, temperature, rain, and sea-ice were the most 

common factors identified as limiting fishing access in the ice-free months.  

Questionnaires 

In response to these observations, we met with the Hunters and Trappers Committee (HTC) in 

each community and proposed to investigate the effects of weather conditions on fishing access. 

We chose to focus on fishing during the ice-free season in coastal marine locations because this 

is an important fishing period for many people. We developed questionnaires (Appendix A) to 

identify thresholds for the upper limits of wind speed and rain, and upper and lower limits of 

temperature, above or below which people would no longer consider going fishing (Table 3.1). 

We also asked participants to distingish between wind directions favourable and unfavourable 

for fishing. We also assumed that when sea-ice was present within the coastal water there was no 

access to fishing. When the HTC had approved the proposal and questionnaire, each board 

selected up to three individuals in their community to provide responses that represented how the 

broader community fished. The HTC also selected a member of their community to ensure that 

each participant provided their informed consent, and to distribute questionnaires and answer 

questions which arose. With help from HTCs, we completed 13 questionnaires across six 

communities in February 2021, complying with the same ethics protocol as above. 

Corrected Weather Reanalysis Data and the Index of Fishing Opportunity 

Subsequently, we created an index of fishing opportunity (IFO) based on the results of the 

questionnaires. The IFO calculates seasonal fishing access scores based on the suitability of 

weather conditions for fishing. We combined historical data from ECCC weather stations and 

weather reanalysis data and adjusted the thresholds identified by fishers to account for the bias in 

reanalysis data. We adjusted the thresholds for each fishing location individually, using ECCC 

data from the nearest weather station (https://climate.weather.gc.ca/historical_data/search_hist 

oric_data_e.html). Subsequently, we used these adjusted thresholds to calculate the IFO in all 

years from 1979-2019 among spring (May 1st-June 30th), summer (July 1st-August 31st), and fall 

(September 1st-October 31st) seasons. We then used the IFO time-series to investigate changes in 

fishing access caused by weather conditions. We completed this analysis for each location using 

the thresholds specific to each community and local reanalysis data. For our purposes we define 

https://climate.weather.gc.ca/historical_data/search_hist
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fishing opportunity as a measure of the suitability of weather conditions for fishing activities 

within a given fishing season.  

We used ERA-5 climate reanalysis data (https://cds.climate.copernicus.eu/#!/search?text=ERA 

5&type=dataset, Hersbach et al. 2020) and R (version 4.0.2) to calculate IFO scores for the six 

marine fishing locations (Table 3.1). Reanalysis products, such as ERA-5, are comprehensive but 

may provide inaccurate estimates of historical conditions (Graham et al. 2019; Jakobson et al. 

2012; Lindsay et al. 2014). We chose to account for any biases by comparing ERA-5 estimates 

to data from nearby ECCC weather stations (details included in Table 3.1, ECCC 2021a, b, c, d, 

e) using correlation and regression analyses. We then scaled the threshold values identified by 

fishers in the questionnaires to be comparable with the reanalysis data, using the linear formulas 

identified using regression analysis (Table 3.1). Similar methods have been shown to increase 

the accuracy of reanalysis data in estimating precipitation, windspeed, and temperature (Staffell 

& Pfenninger 2016; Terink et al. 2010).   

In the first step of the correction, we performed a Spearman rank correlation to compare wind, 

precipitation, and temperature data from the ECCC and ERA-5 data sets. We found significant 

correlations between temperature and wind speed, but the Spearman’s r values for precipitation 

were all below 0.5; therefore, we chose not to adjust the thresholds for precipitation. Despite not 

adjusting the precipitation threshold, we decided to keep the data in the index as it was 

mentioned by fishers as an important weather driver. We also do not know if ERA-5 

precipitation estimates are in fact misrepresentative of actual rainfall. 

For temperature and wind speed, we ran least-squares regressions to identify the linear 

relationship between ECCC and ERA-5 data sets. Next, we used these regression equations to 

scale fishers’ thresholds and account for the systematic under- or over-estimation in reanalysis 

data for different weather variables. The evaluation of conditions as suitable or unsuitable for 

fishing (described in detail below) relied on comparing the data to the thresholds. As long as the 

data and thresholds are scaled to each other, their comparison is not affected by which one is 

adjusted using their linear relationship. Table 3.1 provides more detail on the relationship 

between reanalysis and observed data, including specific statistics and equations. 

 

Table 3.1 1 
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Table 3.1  Results of the correlation and regressions analyses of ERA-5 climate reanalysis by Environment 

and Climate Change Canada climate data. All of the locations where we calculated IFO had ECC climate 

data except for East Whitefish. We used data from the Tuktoyaktuk weather station (25 km to the E) to 

correct for observations at East Whitefish as it is the nearest station. We used the least squares regression 

formulae to convert the thresholds identified by fishers to values comparable to the reanalysis data. 

 

 

ECCC 

Observed 

Variable (B) 

ERA-5 Reanalysis 

Variable (R) 

Fishing 

Location 

Number of 

comparisons 

Spearman 

r value 

Linear 

model 

p value 

Linear 

model 

r2 

Least Squares 

Regression formula 

Daily Maximum 

Temperature 

Daily Maximum 

2m Temperature 

Shingle 

Point 

3400 0.669 < 0.001 0.469 R = 0.50*B + 5.50 

Daily Maximum 

Temperature 

Daily Maximum 

2m Temperature 

East 

Whitefish 

4021 0.678 < 0.001 0.479 R = 0.67*B + 5.85 

Daily Maximum 

Temperature 

Daily Maximum 

2m Temperature 

Tuktoyaktuk 4021 0.678 < 0.001 0.479 R = 0.67*B + 5.85 

Daily Maximum 

Temperature 

Daily Maximum 

2m Temperature 

Paulatuk 4065 0.712 < 0.001 0.508 R = 0.67*B + 4.80 

Daily Maximum 

Temperature 

Daily Maximum 

2m Temperature 

Sachs 

Harbour 

3717 0.779 < 0.001 0.618 R = 0.54*B + 3.45 

Daily Maximum 

Temperature 

Daily Maximum 

2m Temperature 

Ulukhaktok 4338 0.827 < 0.001 0.673 R = 0.61*B + 3.07 

Daily Minimum 

Temperature 

Daily Minimum 2m 

Temperature 

Shingle 

Point 

3431 0.706 < 0.001 0.520 R = 0.67*B - 1.71 

Daily Minimum 

Temperature 

Daily Minimum 2m 

Temperature 

East 

Whitefish 

4028 0.736 < 0.001 0.532 R = 0.75*B - 2.12 

Daily Minimum 

Temperature 

Daily Minimum 2m 

Temperature 

Tuktoyaktuk 4028 0.736 < 0.001 0.532 R = 0.75*B - 2.12 

Daily Minimum 

Temperature 

Daily Minimum 2m 

Temperature 

Paulatuk 4049 0.761 < 0.001 0.583 R = 0.81*B - 2.66 

Daily Minimum 

Temperature 

Daily Minimum 2m 

Temperature 

Sachs 

Harbour 

6393 0.771 < 0.001 0.574 R = 0.67*B - 1.26 

Daily Minimum 

Temperature 

Daily Minimum 2m 

Temperature 

Ulukhaktok 4259 0.817 < 0.001 0.655 R = 0.77*B - 1.52 

Daily Maximum 

Gust Speed 

Daily 10 m Gust 

Speed  

Shingle 

Point 

1011 0.650 < 0.001 0.515 R = 0.17*B + 2.11 

Daily Maximum 

Gust Speed 

Daily 10 m Gust 

Speed  

East 

Whitefish 

363 0.636 < 0.001 0.498 R = 0.18*B + 3.17 

Daily Maximum 

Gust Speed 

Daily 10 m Gust 

Speed  

Tuktoyaktuk 363 0.636 < 0.001 0.498 R = 0.18*B + 3.17 

Daily Maximum 

Gust Speed 

Daily 10 m Gust 

Speed  

Paulatuk 525 0.595 < 0.001 0.404 R = 0.17*B + 2.48 

Daily Maximum 

Gust Speed 

Daily 10 m Gust 

Speed  

Sachs 

Harbour 

950 0.753 < 0.001 0.620 R = 0.22*B + 1.50 

Daily Maximum 

Gust Speed 

Daily 10 m Gust 

Speed  

Ulukhaktok 977 0.730 < 0.001 0.581 R = 0.19*B + 3.12 

Table 3.1 Results of the correlation and regressions analyses of ERA-5 climate reanalysis by 

Environment and Climate Change Canada climate data. All of the locations where we calculated IFO 

had ECC climate data except for East Whitefish. We used data from the Tuktoyaktuk weather station 

(25 km to the E) to correct for observations at East Whitefish as it is the nearest station. We used the 

least squares regression formulae to convert the thresholds identified by fishers to values comparable to 

the reanalysis data. 
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Daily 

Precipitation 

Daily Convective 

Precipitation 

Shingle 

Point 

1137 0.476 < 0.001 0.123 N/A 

Daily 

Precipitation 

Daily Convective 

Precipitation 

East 

Whitefish 

1386 0.348 < 0.001 0.076 N/A 

Daily 

Precipitation 

Daily Convective 

Precipitation 

Tuktoyaktuk 1386 0.348 < 0.001 0.076 N/A 

Daily 

Precipitation 

Daily Convective 

Precipitation 

Paulatuk 2562 0.391 < 0.001 0.076 N/A 

Daily 

Precipitation 

Daily Convective 

Precipitation 

Sachs 

Harbour 

2677 0.380 < 0.001 0.058 N/A 

Daily 

Precipitation 

Daily Convective 

Precipitation 

Ulukhaktok 3831 0.322 < 0.001 0.047 N/A 

 

Using this combination of modified (windspeed, temperature) and unmodified (rain) thresholds, 

we calculated values of the IFO for each year between 1979 and 2019 at each fishing location. 

We chose to narrow our analysis to the period between sea-ice break-up and freeze-up. Since 

people do not fish in the dark, we also excluded any times when the sun was fully below the 

horizon. We then assigned access scores based on rain, wind, and temperature conditions, for 

every day when the ERA-5 reanalysis reported a sea-ice concentration of zero (Figure 3.2). We 

averaged the ERA-5 estimates over the four 0.25 degree square grid cells nearest each fishing 

location to avoid possible error associated with using a single grid cell.  

We calculated daily scores for rain and temperature by using the fishers’ thresholds. Days when 

no rain fell received a daily-rain-score of one (RD = 1), while those where rainfall exceeded the 

threshold received a daily-rain-score of zero (RD = 0). Days where rainfall was between zero and 

the threshold received a score between zero and one corresponding to the amount of rain that fell 

(RD = 1 - (rainfall*threshold-1)). This ensured that days where the total rainfall nearly exceeded 

the daily threshold would receive a lower score than days where very little rain fell. Temperature 

scores were calculated differently, by using hourly, rather than daily, ERA-5 data. When the 

hourly temperature was between the low and high thresholds we assigned a temperature-score of 

one (TH = 1). When the temperature exceeded either threshold we assigned a score of zero (TH = 

0). The daily-temperature-score was the sum of hourly temperature-scores (TD = sum(TH)). 

We calculated wind-scores in a similar manner to the temperature scores. When the wind gust 

speed was below or above the threshold we assigned a respective hourly-wind-score of one (WH 

= 1) or zero (WH = 0). Subsequently, we used wind direction to modify the hourly scores. If the 

wind was below the threshold, the direction of the wind was used to modify the hourly wind 
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score to reflect the impact of wind direction on fishing. When the wind direction was 

unfavorable for an otherwise favourable hour, we reduced the hourly wind-score by half (WH = 

WH * 0.5) (Figure 3.2). If the wind speed was above the locally determined threshold, its 

direction did not matter and the wind-score was zero. The daily wind-score was the sum of 

hourly wind-scores (WD = sum(WH)). 

Consecutive good fishing days provide greater access to fishing than good days interspersed with 

poor days because they allow for fishers to plan their activities and travel to preferred fishing 

locations which may be further from town or camp. We modified each weather score to account 

for the additional benefit that stems from consecutive good fishing days. To do this, we first 

classified each day as good or bad for each variable. Days were considered bad if: 1) there was 

ice in the water, 2) the rain threshold was exceeded, 3) more than half of the hours in the day had 

unfavourable temperatures, or 4) windspeeds exceeded the threshold. Then, for each variable, if 

a good day was followed by another good day, its score was modified by adding 0.1 for each 

good day that preceded it. This approach ensured that a long stretch of good fishing conditions 

resulted in a higher total score than the same number of days interspersed with unfavourable 

days. Once each day in a fishing season had been scored for temperature, wind, and rain, we 

normalized daily scores by dividing each score by its seasonal maximum so that no factor had a 

disproportionate impact on the overall access score (Figure 3.2).  

The process of calculating daily scores was divided into three steps: 1) scoring reanalysis data 

using thresholds from questionnaires, 2) analyzing for consecutiveness, and 3) normalizing 

across each season (Figure 3.2). Within a given fishing season, each day had three scores (RD, 

TD, and WD) that ranged from zero to one. We used the sum of these scores as the estimate for 

overall daily fishing access (AD = RD+TD+WD), and the sum of daily scores across each season 

as our index of fishing opportunity for that season (IFO = sum(AD)).  We assessed for trends in 

the IFO using a Theilsen regression as it is insensitive to outliers. 
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Groundtruth  

In order to assess the accuracy of the IFO, we compared the values of this index to data from a 

fisheries monitoring project near Paulatuk (Gallagher et al. 2017). In this project, Inuvialuit 

fishers collect catch-per-unit-effort data for Arctic char using a standardized method in the 

nearshore environments at the mouth of the Hornaday River over a three-to-four-week period in 

the summer. Fishers record when they set their nets, for how long, and the resulting number of 

char that they harvest (Gallagher et al. 2017). In 2014, fishers also began describing the daily 

Figure 3.2 Flow chart showing the process used to assign daily scores for access to fishing based on daily 

rainfall and hourly temperature and wind conditions based on the ERA-5 Climate Reanalysis Dataset. 

Any day with a sea-ice-concentration of zero from January 1979-December 2019 was scored. Thresholds 

for weather conditions were locally specific and determined by fishers with many years of fishing 

experience in that location (Table 1). We considered days to be good if rainfall did not exceed the 

threshold, and if less than half of its hours had conditions for temperature or windspeed which exceeded 

the thresholds identified by fishers. Shaded sections indicate the three steps in assigning scores: blue for 

initialization, green for the modification based on consecutive fishing days, and purple for normalization 

across each season. 
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environmental conditions influencing their fishing including: wind speed and direction, sea-ice, 

wave height, precipitation, temperature, and turbidity. In addition, they also provided a yes or no 

answer to indicate whether the daily combination of these environmental conditions was “too 

rough to set a net?” We compared the yes or no answers to the IFO predictions of good or bad 

days (described above) for all dates where there was overlapping data. We grouped the results of 

this comparison into three categories: 1) agreement, instances where the IFO correctly predicted 

if the conditions were favourable or unfavourable for fishing, 2) overestimation, cases where the 

IFO predicted the conditions were favourable, but the monitors reported that conditions were 

unfavourable, and 3) underestimation, days where the IFO predicted that the conditions were 

unfavourable, but the monitors reported that conditions were favourable.  

Contributions and Positionality  

The work of this research was divided amongst authors. The contributions of each author to the 

interviews are detailed in Chapter 2. Z.C., K.D., and T.L. conceptualized this study and proposed 

it to each HTC who provided their input and approval. Z.C. wrote the questionnaires which were 

approved by the HTCs. Each HTC chose the representative fishers to answer the questionnaire 

and hired a technician to facilitate local research activities. Z.C., K.D., and T.L. developed the 

IFO and analyzed the results which the HTCs then verified. C.G. contributed data from the 

Arctic Char monitoring project. The manuscript was drafted by Z.C. with contributions from 

C.G., K.D, and T.L..  

While this study was developed in response to Inuvialuit observations of changing weather 

conditions, and in partnership with Inuvialuit HTCs, it is important to note that C.G., K.D., T.L., 

and Z.C. are white settlers. By following community direction, critically considering our own 

positions, and working for open and honest communications about these positions with Inuvialuit 

collaborators, we worked to mitigate the colonial history of research activities and to un-learn 

our biases. This work is ongoing and relational, and we thank our research collaborators for their 

guidance. 

Results 

The IFO revealed that fishing conditions were highly variable, within and among years (Figure 

3.3). Within years, the IFO in summer was typically higher than in the fall, which was generally 

higher than in the spring. The IFO also varied considerably among years, indicating that good 
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seasons can be followed by poor ones (Figure 3.3). Interannual variation was generally highest in 

the summer, when IFO ranged from 0-13.9 (Figure 3.3). Variation in IFO among years was 

typically lower in the fishing locations near the Mackenzie Delta (Shingle Point, East Whitefish, 

and Tuktoyaktuk), than in the Outer communities (Paulatuk, Sachs Harbour, and Ulukhaktok).  

  

Figure 3.3 The Index of Fishing Opportunity at six coastal fishing locations in the Inuvialuit Settlement 

Region (columns). The IFO is shown for each of three “seasons” identified by fishers (rows). Spring refers to 

May-June, summer to July-Aug, and fall to Sep-Oct. IFO was calculated between 1979-2019 inclusive using 

ERA-5 climate reanalysis data (Hersbach et al. 2020) corrected with observations from Environment and 

Climate Change Canada (ECCC 2021). Red asterisks in the top left corner of each plot denote time series with 

slopes that are significantly different from 0 (p<0.05). All significant slopes were positive. 

Figure 3.3 The Index of Fishing Opportunity at six coastal fishing locations in the Inuvialuit Settlement Region 

(columns). The IFO is shown for each of three “seasons” identified by fishers (rows). Spring refers to May-

June, summer to July-Aug, and fall to Sep-Oct. IFO was calculated between 1979-2019 inclusive using ERA-5 

climate reanalysis data (Hersbach et al. 2020) corrected with observations from Environment and Climate 

Change Canada (ECCC 2021). Red asterisks in the top left corner of each plot denote time series with slopes 

that are significantly different from 0 (p<0.05). All significant slopes were positive. 



 

 74 

 

Twelve out of eighteen locations and seasons the IFO did not show a trend indicating change 

over the last 41 years. However, increasing trends in several time series suggests that fishing 

access has improved in some locations and seasons (Figure 3.3). IFO in the spring was zero for 

most years before the late 1980s, after which, this season began to have sporadic years where 

IFO was above zero (Figure 3.3). At Shingle Point, East Whitefish, Tuktoyaktuk, and Sachs 

Harbour, IFO showed a significantly increasing slope in the spring season. In summer, Paulatuk 

and Ulukhaktok both had a significantly increasing IFO slope. The IFO in the fall season did not 

show significant trends at any of the fishing locations.  

 

Figure 3.4 Percent of days in the time series (1979-2019) when fishing conditions were unfavourable. Red 

dashed lines indicate the percent of days with sea-ice concentrations that were above zero. The bars indicate 

the percent of ice-free days which were unfavourable because of rain (R), high temperature (HT), low 

temperature (LT), unfavourable wind direction (WD), and high wind speed (WS). Days were counted twice 

when conditions were unfavourable for multiple reasons. We considered a day to be unfavourable when rain 

exceeded the daily threshold, when more than half of the hours in that day had wind, or when temperature 

conditions were outside of the thresholds described in Table 1. 

 

Figure 3.4 Percent of days in the time series (1979-2019) when fishing conditions were unfavourable. Red 

dashed lines indicate the percent of days with sea-ice concentrations that were above zero. The bars indicate 

the percent of ice-free days which were unfavourable because of rain (R), high temperature (HT), low 

temperature (LT), unfavourable wind direction (WD), and high wind speed (WS). Days were counted twice 

when conditions were unfavourable for multiple reasons. We considered a day to be unfavourable when rain 

exceeded the daily threshold, when more than half of the hours in that day had wind, or when temperature 

conditions were outside of the thresholds described in Table 1. 
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Figure 3.4 shows how different weather parameters influenced the IFO. It displays the percent of 

days when conditions were poor for each of the parameters in the index. The red dashed line 

shows the number of days when sea-ice concentration was greater than 0. Each bar represents the 

percent of ice-free days that were unfavourable due to one of rain, low or high temperatures, or 

wind direction or speed in each location and fishing season. In the spring, 85-91% of days had 

sea-ice concentrations that made fishing unfavourable. Of the unfavourable days that were ice-

free, most were caused by wind speed and direction, but rain was also important. In the summer, 

10-28% of days had unfavourable ice conditions. For the unfavourable days that were ice-free in 

the summer, wind speed and direction were the most important influences, followed by rain. In 

the fall, 13-38% of days had unfavourable ice-conditions. In the fall, wind speed and direction, 

and cold temperatures were all important determinants of unfavourable fishing days.   

Questionnaire Results 

Table 3.2 Participant defined thresholds for wind, temperature, and rainfall that make conditions 

unfavourable for fishing in each community. Thresholds were adjusted using the regression formulas in 

Table 3.1, adjusted values are provided in parentheses. 

 

The weather thresholds identified by fishers were generally similar among communities, but 

notable differences include the maximum rainfall threshold in Tuktoyaktuk, and the coldest 

temperature thresholds in Tuktoyaktuk and East Whitefish. The impacts of these thresholds are 

evident for Tuktoyaktuk where more unfavourable days were caused by temperature than 

elsewhere (Figure 3.4). Conversely, in East Whitefish, the number of unfavourable days caused 

by temperature was much lower.  

Community 

Fishing 

Location 

Coldest 

Temperature 

(°C) 

Hottest 

Temperature 

(°C) 

Maximum 

Daily 

Rainfall 

(mm) 

Maximum 

Wind Speed 

(km/hr) 

Unfavourable 

Wind 

directions 

Aklavik Shingle Point 0 (-1.71) 25 (18) 6 10 (3.81) W, N 

Inuvik East Whitefish -10 (-9.62) 20 (19.5) 20 25 (7.67) W, N 

Tuktoyaktuk Tuktoyaktuk 8 (3.88) 20 (19.5) 1 20 (6.77) N, W 

Paulatuk Paulatuk 0 (-2.66) 25 (21.55) 20 20 (5.88) N 

Sachs Harbour Sachs Harbour 0 (-1.26) 25 (16.95) 15 30 (8.1) E, S, W 

Ulukhaktok Ulukhaktok 0 (-1.52) N/A 5 30 (8.82) E, S, W 

Table 3.2 Participant defined thresholds for wind, temperature, and rainfall that make conditions 

unfavourable for fishing in each community. Thresholds were adjusted using the regression formulas 

in Table 3.1, adjusted values are provided in parentheses. 
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To investigate the reasons for these differences we asked fishers from Tuktoyaktuk and Inuvik 

about why they prefer to fish in these conditions. Fishers in Tuktoyaktuk explained that they 

prefer to fish when conditions are optimal for preparing and drying their fish, which they do 

immediately after harvesting them. Since they do not have to travel long distances to reach their 

preferred fishing locations, they explained that they can be more flexible when deciding whether 

or not to set or pull their nets, and fish only when conditions are optimal. The temperature and 

rain thresholds they identified are essential for their method of preparing and drying fish. Colder 

temperatures make it more difficult to dry the fish, while warmer ones lead to increased rates of 

spoiling. Any amount of rainfall makes for poor drying conditions. Fishers who harvest at East 

Whitefish reported that better quality fish are harvested in colder conditions. They associated 

warmer air and water temperatures with soft-fleshed fish, which is less desirable. As such, 

fishers in this location harvest while the temperatures were cooler and the fish were of better 

quality. The IFO for this location reflects this preference with higher index values at East 

Whitefish in the fall than elsewhere. 

In addition to wind, rain, temperature, and sea-ice, fishers in communities across the ISR 

mentioned many environmental factors influencing fish availability at more localized scales. We 

chose not to include these factors in the IFO as they were locally specific and we lacked 

comparable data. We present them in Table 3.3 as they provide important context to a larger 

discussion of access to fish in the ISR.  

Table 3.3 Other environmental conditions that limit the availability of fish. Approximate distances between 

community and fishing location are shown in brackets for sites that are not directly adjacent to the 

community. 

 

Community 

Fishing 

Location Other Environmental Determinants of Fish Availability 

Aklavik Shingle Point  

(130 km) 

- Erosion along the coast and in the river, increasing the difficulty for travel and 

for setting nets 

- Decreasing fish abundances 

Inuvik East Whitefish 

(140 km) 
- Rising water levels 

- Increasing turbidity and debris making it harder to set nets 

- Erosion along the route from Inuvik to East Whitefish increasing the difficulty 

of travel 

Tuktoyaktuk Tuktoyaktuk - Increasing beaver populations, preventing anadromous fish from reaching their 

spawning areas 

Table 3.3 Other environmental conditions that limit the availability of fish. Approximate distances 

between community and fishing location are shown in brackets for sites that are not directly adjacent to 

the community. 
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- Decreasing predictability of fish runs 

Paulatuk Paulatuk - Increasing water temperatures negatively affect harvest size and fish quality  

- Changing aquatic communities reduce target fish abundances 

- Decreasing predictability of fish runs 

Sachs 

Harbour 

Sachs Harbour - Debris in the water, associated with erosion and permafrost thaw 

- Decreasing target fish abundance, and more variation in fish size between years 

- Increasing water temperatures negatively affects harvest size and fish quality  

Ulukhaktok Ulukhaktok - Increasing number of “foggy” days 

- Increasing water and air temperatures having negative effects on harvest size and 

fish quality 

 

 

Groundtruth 

Comparisons of the IFO values and reports from Paulatuk fishers showed 98 instances (62%) of 

predictions which matched harvester reports, and 53 instances (33%) of underestimation, where 

IFO predicted poor fishing conditions, but harvesters reported favourable ones. There were only 

8 instances (1%) where the IFO overestimated fishing opportunity (i.e., the IFO predicted 

favourable fishing conditions but the harvester reports showed unfavourable conditions).  

 

 

Table 3.4 Comparisons of IFO scores to weather suitability reports from the Arctic char monitors setting 

nets at the mouth of the Hornaday River near Paulatuk, NT. The agreement column shows instances 

where the IFO correctly classified conditions, the underestimated column indicates cases where the IFO 

predicted unfavourable fishing conditions, but fishers reported favourable ones, and the overestimated 

column shows instances where the IFO predicted favourable conditions but fishers reported unfavourable 

ones. 

 

 

 

 

 

 

 

Year Agreement  Underestimated Overestimated 

2014 13 10 0 

2015 16 3 3 

2016 14 10 0 

2017 17 13 0 

2018 23 7 0 

2019 15 10 5 

Total 98 (62%) 53 (33%) 8 (1%) 
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Discussion  

The Index of Fishing Opportunity (IFO) demonstrates that access to coastal fishing varies in 

response to environmental conditions. It quantifies the impacts of wind, rain, temperature, and 

sea-ice, highlighting how each of these conditions influences access. Wind had the strongest 

impact on access to fishing, a finding which is consistent with the results from interviews, as 

poor fishing conditions were most often attributed to wind. Wind acted throughout all seasons, 

which may explain why many fishers considered it to be the most limiting factor. Wind affects 

people’s fishing activities by changing fish behaviour and distribution in the nearshore 

environment (Hinz 1989; Stoner 2004). Based on our interviews, wind also influences fishing by 

driving wave-height, and causing net foul. In contrast to wind, the negative effects of high and 

low temperatures were primarily limited to the spring and fall seasons. We anticipated this result 

given our intuitive understanding that temperatures tend to be less favourable in the spring and 

fall. The IFO does suggest that, other than in Tuktoyaktuk, higher temperatures driven by global 

climate change are not decreasing access to fishing. This is supported by interview participants 

who stated that climate change has made summers more variable, but not excessively hot. 

Generally, rain was most influential in the spring, and was stable in the summer and fall. We 

interpret the results of rain with caution given that they are based on the comparison of reanalysis 

data to un-adjusted thresholds. While the influence of rain relative to other variables may be mis-

represented in our results, its influence relative to other seasons is likely more accurate because 

re-analysis bias is more consistent in each location (Staffell & Pfenninger 2016; Terink et al. 

2010). The poor relationship between observed and reanalyzed precipitation data, described in 

Table 3.1, could be caused by widely recognized errors in the measurement of precipitation 

(Metcalfe et al. 1997). 

Like wind, temperature, and rain, sea-ice had a larger impact on fishing access in the spring and 

fall than in the summer. According to interviews with experienced fishers, the way in which ice 

affects fishing is different in each season. In developing the IFO, we simplified the effects of sea-

ice for the purposes of our analysis by assuming that sea-ice concentration greater than zero 

created poor fishing conditions. In the IFO, summer influence of ice on access to fishing is 

limited to ice drifting into and out of fishing areas. Sea ice impacts on fishing in the spring and 

fall are related to drifting ice, but more importantly are tied to break-up and freeze-up events, 

respectively. Break-up and freeze-up events limit fishing activities by changing fish 
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distributions, limiting the setting of nets from shore, and preventing boat access. The 

disproportionate scale of these events drives the higher influence of ice in the spring and fall 

compared to summer. Recent changes in the timing of these events is shown in the IFO. The IFO 

in spring shows an increase in access to fishing associated with more ice-free days in May and 

June, beginning in the 1980s. Fall IFO, however, does not show an increasing trend. Since the 

IFO does not estimate access to fishing activities under the ice, earlier break-up and later freeze-

up (Comiso et al. 2008; IPCC 2019; Sanderson et al. 2017; Stroeve et al. 2014) should 

contribute to increased access to fishing. The fact that the IFO does not show an increase in the 

fall suggests that fall weather conditions are becoming less favourable and counteracting the 

increase in IFO predicted by decreased sea-ice.  

By quantifying the impacts of weather and sea ice on fishing activities, the IFO provides a tool to 

explain some of the variation in the number of fish harvested each year. The total fish harvest 

varies between years in each location, according to a range of factors such as fish abundance, 

fish distribution, access to fishing, and corresponding fishing effort. The IFO provides a way to 

quantify access to fishing and therefore explain some of the inter-annual variation in fish harvest. 

Our analysis does this on a local scale by considering how the effects of environmental 

conditions on access to fishing vary with local fishing practices. For example, in East Whitefish, 

local temperature thresholds reflect a preference for harvesting fish in cooler conditions. This 

contributed to East Whitefish having the highest access to fishing in the fall season. In 

Tuktoyaktuk, rain and temperature thresholds reflected the impact of these conditions on the 

process of drying fish. Low thresholds for rain and cold temperatures contributed to Tuktoyaktuk 

having lower access to fishing, especially in the spring and fall. The direct incorporation of local 

fishing practices and access thresholds into the calculations for the IFO shows that these 

differences strongly impact access and is one of the IFOs strengths.  

Another key strength of the IFO is its simplicity and flexibility, which could facilitate its use to 

evaluate access to fishing in other locations or across different timeframes. This flexibility could 

facilitate the IFO being adapted to evaluate access to ice-fishing. This is of interest because it 

would necessitate an improved representation of break-up and freeze-up. While it is very 

common to fish in the ocean during the ice-free season, fishing in lakes and rivers, and under the 

ice is also an important source of food and cultural connection (AHTC et al. 2016; IHTC et al. 

2016; OHTC et al. 2016; PHTC et al. 2016; SHHTC et al. 2016; THTC et al. 2016). For 
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example, many people from Inuvik and Aklavik do their primary fishing at camps throughout the 

Mackenzie Delta (AHTC et al. 2016; IHTC et al. 2016). In Ulukhaktok, people set nets under the 

ice at Fish Lake as soon it is thick enough in the fall (OHTC et al. 2016). Access to these fishing 

activities is determined by different weather factors, but the IFO could easily be adapted for use 

across different seasons and in different locations. The IFO could also be expanded to investigate 

how other environmental parameters influence access to fishing, including parameters specific to 

individual locations (e.g., turbidity, fog, water levels). The IFO could also be modified to explore 

the impact of weather on access to other harvesting activities, such as hunting for tingmiaq 

(geese) or omingmak (muskox). This would contribute to a greater understanding of the 

determinants of access to country foods, and to the important nutritional and cultural processes 

which they support (ICC 2020; ITK 2019; Cunsolo-Willox et al. 2015). 

Although Inuvialuit fishers reported that colder, wetter, and windier conditions during the 

summer months are decreasing access to fishing, the change was not apparent in the IFO data. In 

the summer months, most locations showed no trend in IFO apart from Paulatuk and 

Ulukhaktok, which demonstrated a significant increase over time. The IFO provides an index of 

relative access, but it may not be suited to track long-term change as multiple factors contribute 

to high uncertainty. The IFO relies on reanalysis data that are known to have a high degree of 

spatial and temporal error. Reanalysis data present the most plausible conditions for weather 

variables based on nearby observations (when available) and model forecasts from previous 

time-steps. The availability of observational data varies through time and the network of weather 

stations contributing observational data to reanalysis models has expanded dramatically since 

1979 (Hersbach et al. 2020). As a result, reanalysis data from early in the time-series are likely 

less accurate than those from recent years. Additionally, the model calculations used to predict 

conditions from previous time-steps are prone to error (Graham et al. 2019; Jakobson et al. 2012; 

Lindsay et al. 2014). The high degree of uncertainty in the reanalysis products affects the 

predictions made by the IFO, however the agreement between IFO predictions and reports from 

Arctic Char monitors suggest that the uncertainty of reanalysis does not prohibit its use for our 

purposes. Future work to decrease uncertainty in the IFO should explore the use of different 

reanalysis data sets such as Met1km (Zhang et al. 2020) or GlobSIM (Cao et al. 2019). This 

uncertainty could also be decreased with higher quality observational data in the Arctic, calls for 

which are repeated throughout the literature (Bromwich et al. 2010; ITK 2014 and 2019b; 
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Johnson et al. 2015; WMO 2021). Better observation networks would also increase our 

collective ability to monitor and understand changes occurring in Arctic environments, and 

contribute to the adaptive capacity Arctic peoples (ITK 2014 and 2019b). 

The fact that the IFO does not account for how changes in fish abundance throughout the fishing 

season influence fishing activity may also partly explain the mismatch between the long-term 

trends shown in the IFO and fisher observations of long-term change. In this analysis we divided 

the ice-free season into spring, summer, and fall to broadly illustrate how access to fishing 

changes throughout the year. Although the IFO shows increasing fishing opportunity in the 

spring, these increases may not represent true increases in opportunity because the composition 

and relative abundance of fish changes within each season (AHTC et al. 2016; IHTC et al. 2016; 

IJS 2003; OHTC et al. 2016; PHTC et al. 2016; SHHTC et al. 2016; THTC et al. 2016) and fish 

may not be available at this time. Within the summer season, a fisher may need a smaller number 

of good fishing days at times when a high proportion of migratory fish are passing by than they 

would at other times. The weather conditions during these critical times would therefore 

contribute disproportionately to overall access to fishing. By dividing the fishing season into 

spring, summer, and fall we did not account for the ways that important times within each season 

disproportionately influence overall access to fishing. To use the IFO to assess long-term trends 

in access to fishing, additional work with fishers in each location to identify key fishing times is 

required. This information could then be used to assign varying weights to times within each 

season. A more thorough investigation of this topic seems particularly important given that 

Inuvialuit fishers told us the dates of critical fishing times are changing. 

Another potential limitation of our approach is that the thresholds we used may not reflect the 

fishing practices of all fishers in a community. Comparisons with fishing-suitability reports from 

Arctic char monitors indicate that some fishers set nets in conditions outside of the thresholds 

identified by the questionnaire participants. In the future the IFO could be refined to include 

upper and lower bounds around fishing conditions, which would provide a range of values that 

characterize community fishing practices. Similar methods are becoming more common in 

research to understand environmental change in collaboration with fishers (Cooke et al. 2021; 

Mantyka-Pringle et al. 2017).  
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In this study we focused on how weather influences access to fishing, but a holistic 

understanding of all social determinants of access to fish is critical to future fish management 

efforts in Arctic regions (Brinkman et al. 2016; Wesche and Chan 2010; Proverbs et al. 2020). 

Previous research shows that there are many other processes involved in determining access to 

fish (Brinkman et al. 2016; Proverbs et al. 2020; Ribot and Peluso 2003). The availability of 

equipment such as boats and nets, and the price of gas required for travelling to and from fishing 

locations are simple examples of other factors that influence access (Proverbs et al. 2020; Ribot 

and Peluso 2003). Access to fishing also requires time. Many Inuvialuit fishers are now engaged 

in the wage economy, which facilitates buying the necessary equipment, but limits fishing 

activities to evenings and weekends (Proverbs et al. 2020; Usher 1971 & 2002). Access to fish 

can also be mediated through social mechanisms such as relationships between harvesters and 

non-harvesters or food-sharing programs that redistribute catches to elders or single parent 

families (Berkes and Jolly 2001; Ford et al. 2013; Proverbs et al. 2020). Knowledge of how, 

where, and when to fish is also critical to access (Brinkman et al. 2016; Proverbs et al. 2020; 

Ribot and Peluso 2003) and is facilitated and strengthened by inter-generational relationships and 

teaching in the community (ITK 2019a; Ford et al. 2014; Proverbs et al. 2020). Many of these 

factors are not easily quantified, therefore could not be incorporated into IFO calculations. 

Nevertheless, future research within Inuvialuit communities to understand the social drivers of 

access could identify concerns and adaptive opportunities to strengthen access as social and 

environmental changes continue throughout the region. 

The IFO has the potential to inform fisheries management by providing an indicator of access, 

which can then be used in decision-making processes. Inuvialuit fishers have a detailed 

understanding regarding the impact that weather has on access to fishing; however, there is 

currently no direct mechanism to have this knowledge inform key fisheries management 

decisions. Current quantitative fisheries management is primarily influenced by knowledge of 

the abundance and distributions of fish species (DFO 2020). Comparatively, access to fisheries is 

less often considered and less well understood (Brinkman et al. 2013 & 2016). An index like the 

IFO has the potential to be applied directly to information on abundance and distribution to 

answer the questions about fish availability that remain outside the scope of current management 

practices. For example, the IFO could be compared to post-season harvest data to explain inter-

annual variation in harvest totals based on varying weather conditions. Such analyses could 
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ultimately contribute to a more holistic model of fisheries management by explicitly considering 

the factors influencing access to fish, and thus fish availability (Brinkman et al. 2016; Hansen et 

al. 2013; Sangha et al. 2015; Tobias and Richmond 2014).  

Increasing environmental stressors acting on northern fisheries have prompted calls for holistic 

management approaches that account for changes to access (Parlee et al. 2005; Proverbs et al. 

2020; Sangha et al. 2015; Tobias and Richmond 2014). In this research we describe a method to 

measure physical access to fisheries that can inform decision-making regarding fish availability. 

By including access in management frameworks, decision makers can further prioritize local 

food sovereignty (Cusolo-Willox et al. 2015; ICC 2019; Searles 2002). Decision-making that 

considers access will also support strong land-based relationships, and their associated benefits 

to community and individual health and well-being (Cusolo-Willox et al. 2015; ICC 2020; ITK 

2014; Kral 2016). 
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Appendix A  

Weather Questionnaire 

• What top three weather conditions do you think about when deciding if you want to go 

fishing on the ocean? These might be things that you check the forecast for in the 

morning.  

• If you’re looking at the forecast, how much rain (in millimetres) has to fall in one day to 

make it a bad day for fishing? 

• How much rain has to fall to make fishing unpleasant?   

• In the ice-free season, what is the coldest and hottest temperature that you would say are 

good for fishing?  

• How cold and hot would it have to be to make fishing to be unpleasant?  

• What is highest wind speed that is safe for fishing on the ocean? 

• What wind speed would make fishing unpleasant?  

• Are there wind directions that make fishing on the ocean better or worse? If so, please 

list them: 

o Good Directions:  

o Bad Directions: 

• If you had to guess, how many good fishing days does it take for you to get enough fish 

for the year? 

• (Circle one) In your life, has this number increased, decreased, or stayed the same?   

• Please list other factors that might affect the number of fish you catch. These could be 

anything from the environment, to your equipment, to policies about fish.  



 

 

 

Chapter 4 - Conclusion 

 

Summary 

Rapid environmental change is affecting social-ecological systems around the globe (IPCC 2019) 

and is occurring at an unparalleled rate in the Arctic (IPCC 2019; ICC 2020; ITK 2019; Niemi et 

al. 2019). Shifts in northern Indigenous cultural landscapes are not novel (Lyons 2009; Whyte 

2018), but the current rate and nature of ongoing changes is cause for concern (Alunik et al 2003; 

Ford and Pearce 2010; Niemi et al. 2019). Arctic Indigenous peoples remain deeply connected to 

their homelands and are being forced to adapt travel routes, and hunting, fishing and trapping 

practices to widespread ecological changes (ICC 2020; ITK 2019). In the Inuvialuit Settlement 

Region (ISR), people rely on fishing as a source of food and important cultural practices (Alunik 

et al. 2003; ICC 2020). As availability of fish is integral to current and future Inuvialuit well-being, 

there is a need to better understand the factors that influence the availability of fish and fishing 

(Alunik et al. 2003; ICC 2020; ITK 2014).  

The overall goal of my MSc research has been to increase our understanding of the factors 

influencing the availability of fish and fishing to Inuvialuit. I investigated changes affecting two 

aspects of fish availability, distribution and access, by combining multiple methods in two separate 

but complementary studies. In Chapter 1, I introduced the conceptual frameworks and key 

concepts on which I based these studies. In Chapter 2, I presented the results from 54 semi-

structured interviews with Inuvialuit knowledge holders about environmental change and changes 

to fish distributions in the ISR. While not their original intent, these interviews highlighted the 

need for further research to consider the impact of weather on access to fishing. Using 

questionnaires and quantitative modelling, in Chapter 3 I examined the effects of weather on 

Inuvialuit access to fishing. Now in my final chapter, I summarize the findings of chapters 2 and 

3, highlight insights from combining these two studies, discuss the limitations of my research, and 

explore opportunities for future study. 

The research presented in Chapter 2 investigated the question: how has the harvest of Pacific 

salmon by Inuvialuit fishers changed over the last 100 years? Inuvialuit fishers are concerned about 

increasing harvest of Pacific salmon where catches had previously been rare or unprecedented. In 
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2018, decision-makers and scientists at the Fisheries Joint Management Committee (FJMC) and 

Fisheries and Oceans Canada (DFO) identified a need to fill gaps in our knowledge of Pacific 

salmon in the ISR by interviewing Inuvialuit fishers. To this end, I partnered with Hunters and 

Trappers Committees (HTCs) to conduct 8-10 interviews in each community focused on: 1) 

changes in the magnitude of salmon harvest over the last four decades, 2) co-occurring changes in 

local fish populations attributed to increasing salmon, and 3) environmental factors influencing 

salmon range expansions. I found that regional changes in climate were associated with increased 

salmon harvest, and that fishers were deeply concerned about the unknown effects of salmon in 

Arctic ecosystems. Interview participants also made it clear that salmon are only one of many 

changes that are affecting the availability of Arctic fish for Inuvialuit. One of the other main 

changes that participants described was a climate-mediated decrease in access to fishing. In 

response to this observation, I designed a mixed-methods approach to investigate this change. 

In Chapter 3 I presented my research exploring the influence of weather on access to fishing in the 

ISR. This work involved designing questionnaires to characterize weather as good or bad for 

fishing during ice-free seasons in marine fishing locations used by each community. Using 

information from these questionnaires, and building on the results of the interviews from Chapter 

2, I designed a qualitative index of access to fishing that I termed the Index of Fishing Opportunity 

(IFO). Next, I calculated the IFO over time (1979-2019) using ERA-5 climate reanalysis data 

corrected with historical observational data from Environment and Climate Change Canada 

(ECCC 2021a-2021e; Hersbach et al. 2020). This allowed me to investigate how IFO varied 

between 1979 and 2019 in key community fishing locations. I also compared the daily 

classifications from the IFO regarding suitable or unsuitable fishing conditions to those reported 

by Inuvialuit harvesters in a standardized harvest study (Gallagher et al. unpublished data). I then 

presented all of these results to HTCs for validation. My analysis in Chapter 3 showed that the IFO 

has potential to characterize the influence of weather conditions on fishing access, but that high 

uncertainty limits its analysis of long-term trends. The IFO is impacted by several restrictions that 

require additional research, which I describe below. 
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Insights from combining the two studies and the research process 

My thesis demonstrates the value of using multiple methods to understand change in social-

ecological systems. In Chapter 2 I created a timeline of Pacific salmon harvest in each community 

in the ISR by conducting semi-structured interviews in partnership with Inuvialuit organizations 

and fishers. In these interviews, fishers described an increase in Pacific salmon and highlighted 

their concerns about this and other impacts of climate change on their fisheries. Harvesters related 

changes in salmon to changes in temperature, ice conditions, water levels, and weather conditions. 

Fishers explained that these environmental changes are also impacting their ability to monitor 

salmon. People track changes in salmon through their regular fishing activities, and access to these 

fishing activities is being affected by environmental change. Therefore, access to fishing 

influences how many salmon are caught and reported each year. Fishers explained that in some 

years, weather may be especially limiting to their fishing practices, leading to underestimation of 

salmon abundance in the ISR. So a low salmon harvest may not mean that few salmon were 

present, but may be the result of low fishing activity. Additionally, if access to fishing is 

decreasing, salmon abundance may be increasing faster than salmon being returned to the ASP. 

This inspired the development of an index of access to fishing based on fishing weather that I 

developed in Chapter 3. 

My data analysis in Chapter 3 showed high inter-annual variability in access to fishing in all six 

communities and reinforced the findings of the interviews in Chapter 2. In some years the IFO had 

very low values. For example, the IFO from Sachs Harbour in 2018 suggests that harvesters had 

no access to fishing during the times when salmon are typically caught. In our interviews, fishers 

described the 2018 fishing season as having extremely poor fishing conditions. This year of low 

fishing access also coincides with a very low harvest of Pacific salmon (Dunmall et al. unpublished 

data). This suggests that low access to fishing may be contributing to low reported salmon harvests 

and illustrates how the IFO might inform future harvest studies in the ISR. It also demonstrates 

the power of combining multiple methods to create a more complete understanding of change. 

 

Limitations and Future Research 

Chapter 2: 
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One of the limitations in Chapter 2 was that the interview questions did not explore Inuvialuit 

perspectives on adaptive measures and the future of regional salmon management. To address this 

gap, future research should investigate Inuvialuit perspectives on adaptive management practices 

and document strategies to increase resilience to changing fish distributions in the ISR. Many 

fishers told us that the number of salmon that they harvest will likely continue to increase. Others 

expressed uncertainty about the trends in salmon abundance but wanted to learn more about 

salmon life-history, and the potential for salmon to colonize Arctic drainages. The novelty of 

salmon in Arctic regions, and high inter-annual variability in salmon reports, made Inuvialuit 

fishers uncertain about the future of salmon in the region. Despite their uncertainty about the 

future, fishers are concerned about recent increases in salmon harvest. Developing management 

practices which account for the changes in salmon, co-occurring changes in local fish species, and 

the accelerated rate of environmental change could increase regional resilience to the broader 

impacts and opportunities of climate change on fishing.  

Future research on salmon in the Arctic should also prioritize the perspectives of fishers between 

the ages of 13-20. Given the historical focus of our study, we3 interviewed primarily older, more 

experienced fishers whose fishing knowledge dates back over the past 10-40 years. As a result, 

chapter 2 does not consider how younger generations of Inuvialuit fishers feel about salmon, or 

their perspectives on good management strategies for protecting Inuvialuit fisheries. In Alaska, a 

similar study about cultural perceptions of salmon in Iñupiat communities found that younger 

generations generally perceived salmon more positively than older generations (Carothers et al. 

2019). Scholars have also made it clear that the perspectives of youth are essential to proper land 

management practices (Karsgaard and Davidson 2021; McKay et al. 2020; Ritchie 2021; Whyte 

2018). Future work to engage younger generations in research on the future of salmon and the 

importance of Inuvialuit fishing would provide important perspectives on management practices. 

Indeed, the goal of management is to ensure that these generations can continue to be in good 

relationship with fish, so their voices and perspectives must be included in the decision-making 

process (Simpson 2004). 
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The fishers who we3 interviewed in each community were local experts, and this level of 

knowledge regarding fisheries may have influenced our results. It would also be interesting for 

future research to interview Inuvialuit land-users who fish at different intensities and may have 

different levels of experience. Perhaps people who fish less, or for different reasons might feel 

differently about salmon. Broadening the scope of people involved in future interviews would also 

contribute to an improved understanding of how salmon are perceived throughout Inuvialuit 

communities. 

Chapter 2 also had a limited geographical scope. Understanding the historical harvest of salmon 

in the ISR is critical to our interpretation of the regional changes in salmon harvest, but salmon 

harvests are increasing across the entire Canadian Arctic (Dunmall et al. 2018; 2013). The effects 

and perceptions of these changes are likely unique in each community. Understanding these effects 

and perceptions will be critical to developing management strategies which are locally effective 

and appropriate. Future research should investigate recent changes in salmon harvest, and the 

social-ecological effects of those changes, in partnership with communities throughout the Arctic. 

 

Chapter 3: 

One weakness of the research I presented in Chapter 3 is our limited understanding of how well 

the Index of Fishing Opportunity (IFO) described access to fishing for a broad community of 

fishers. I parameterized the Index of Fishing Opportunity (IFO) for each community with 

questionnaire responses from two to three fishers, where participants were asked to describe 

weather conditions that were unsuitable for fishing. This was an essential step in the process of 

linking historical weather data to the experiences of Inuvialuit fishers; however, it proved 

challenging for multiple reasons.  

Fishing practices likely vary among individuals and characterizing the range of suitable conditions 

requires a larger sample size. It is likely that I was unable to describe a full range of people’s 

fishing experiences by working with only two to three individuals from each community. The 

decision to fish or not fish is complex, and the factors influencing it are likely to vary from 

 

3 I use the plural pronoun to indicate the contributions of Tracey Proverbs and local Inuvialuit interviewers 
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individual to individual. For example, preferred fishing gear, or a fisher’s experience level might 

influence their individual weather thresholds. The time of year, and associated abundance of target 

fish species, also contribute to the decision to go fishing. Additional surveys to more fully 

characterize variability in fishing practices throughout a community, and within the fishing season, 

would provide a more complete understanding of how weather influences community access to 

fishing. Additionally, the IFO only reflects access to fishing based on present conditions and 

fishing practices. As climate and environmental changes intensify, the conditions in which people 

fish, and the factors limiting access to fishing, may also change. Fishers may adjust their fishing 

habits to suit new environments, and access to fishing may be mediated by different environmental 

variables. Therefore, the thresholds for weather parameters in the IFO should be kept up to date 

through regular reporting. The flexible approach I used in developing the IFO would also allow 

for new parameters to be added if they become relevant. Work to identify the changing pressures 

on Inuvialuit access to fish must continue, and be incorporated into any future versions of the IFO. 

Future research should also focus on developing a more holistic understanding of access. Fishing 

requires time, equipment, capital, and knowledge (Ribot and Peluso 2003). Access to fish can also 

be supported through social initiatives such as food sharing programs or family relationships. 

Research into the social drivers of access may also illuminate ways in which resilience to change 

may be reinforced throughout the ISR. A better understanding of the processes enhancing 

Inuvialuit access to fishing could facilitate the development of adaptive management strategies 

designed to counteract the impacts of ongoing environmental change. Strengthening social axes of 

access could be a goal of holistic management programs to ensure a future where food security 

and good land-based relationships thrive.  

 

Conclusion 

The overall goal of my thesis research was to contribute to our understanding of the influences of 

environmental change on fish availability in the Inuvialuit Settlement Region. Interviews with 

fishers in all six Inuvialuit communities show that the harvest of Pacific salmon, while not novel 

in some communities, has been increasing in recent decades in association with accelerated 

environmental change. Some Inuvialuit fishers are very concerned about the changes related to 

salmon. Interview participants also highlighted that changing weather conditions are altering 
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access to fishing. In Chapter 3 I investigated this observation in more detail by creating a 

quantitative index of access to fishing based on sea-ice cover, rainfall, wind, and temperature 

conditions. I used this index to model the influence of weather conditions over time on access to 

fishing. Further work is required to refine this index, but it shows promise as a method of 

incorporating concerns about access into modern fish management practices.  

As the climate crisis in the Arctic intensifies (IPCC 2019), work that investigates its social and 

ecological implications is critical to informing the future of Inuvialuit fisheries. These fisheries 

provide essential cultural and nutritional value to Inuvialuit and ensuring the future availability of 

fish is crucial. The research described in both data chapters of my thesis demonstrates the 

importance of engaging with Indigenous knowledge systems to generate a more complete 

understanding of the effects of global climate change on fisheries. In part, collaborative research 

like what I have presented in my thesis can address our urgent, collective need to identify, mitigate, 

and adapt to social-ecological change.  
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